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CVC: Central Venous Catheter
CTA: Computerized Tomography Angiography
CCA: Common Carotid Artery
CCU: Coronary Care Unit
CVC: Central Venous Catheter
SCM: Sternocleidomastoid Muscle
CVP: Central Venous Pressure
SCV: Superior Vena Cava
Rt: Right
Lt: Left

Introduction
 Central venous line insertion is a common practice in a variety of 
clinical scenarios. It is considered a line of life in critically ill patient. 
It is used for delivering total parenteral nutrition, medications, fluids 
and to monitor varies vital signs. Although its daily use and great 
advancement in tools and techniques, it is still with a risk of compli-
cations.

 Steps of CVC insertion have its guarding check points to assure 
right puncture site, being in the right vein and avoidance of arterial 
or other structures malposition. Prophylactic measures avoiding inad-
vertent arterial puncture are crucial, also post insertion confirmation 
of catheter position is mandatory to decrease the unfavorable sequels 
that may even risk the patient life.

Case 1 presentation

 A 20-year-old male with sickle cell disease admitted to ICU for 
blood exchange transfusion after crisis of acute chest syndrome. In-
sertion of right IJV catheter (7fr.) was planned to do the blood trans-
fusion and was inserted in the ICU through supraclavicular approach 
between the two heads of sternocleidomastoid muscle USG (Figure 
1). On confirmation of the catheter flows post insertion it was noticed 
that the backflow is pulsatile with positive pressure filling the testing 
syringe.
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Abstract
Most common complications of Central Venous Catheter (CVC) 

insertion are around vascular injury, misplacement and infection. 
Early complications regarding vascular trauma and catheter malpo-
sition need early management to avoid high morbidity and mortality 
sequels. Proper investigation and surgical planning should be a cor-
ner stone in successful management.

We present a series of 3 cases of inadvertent arterial catheteriza-
tion during central venous catheter insertion despite using US guid-
ed puncture techniques and being patient in ICU or operative room. 
Although similar skin puncture area (supraclavicular between heads 
of sternocleidomastoid muscle), there are different arterial anatomi-
cal sites of penetration with different management plans.
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Figure 1: Central catheter in right supraclavicular space between heads of SCM.
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 Blood sample from the line was taken to check blood gases which 
then confirmed being arterial one.

 Catheter was connected to pressure transducer to assess the CVP 
and waveform which was arterial in nature Plain chest X-ray AP view 
was performed that detected the central line outside territory of SVC 
with its tip shifted across midline to the left side which is mostly to-
ward the arch of aorta (Figure 2).

 Bedside neck color Doppler evaluation in longitudinal plan re-
vealed passage of the catheter into the common *carotid artery (Fig-
ure 3).

 A CTA was then done for the neck and upper chest great vessels 
detecting precisely the puncture, course and tip positions of the cathe-
ter. It showed that the right central venous line had transfixed the right 
IJV then passed into the mid aspect of the right CCA, passing to the 
brachiocephalic artery with the tip protrudes into the aortic arch. As 
the catheter was 7fr. Size in a reachable anatomical site we decided to 
explore the jugular and carotid vessels to remove the malpositioned 
catheter with vessels repair. In operative room under local anesthe-
sia and the patient in supine position with neck slight extension with 
left sided rotation and through an anterior neck longitudinal incision 
along anterior border of SCM, the IJV and CCA were exposed and 
controlled with vessel loops. Transfix punctures through the vein 
were found and a puncture of CCA. The catheter was pulled with 
artery control by a satinsky clamp then repair of the arterial puncture 
with proline 5/0 continuous sutures then repair of the vein punctures 
sites by couple of the same sutures.

 Post-operative the patient was vitally stable with no signs of 
bleeding or hematoma collections. Patient blood exchange transfu-
sion was then resumed using a Peripheral Inserted Central Catheter 
(PICC line).

Case 2 presentation

 A 16-year-old male with a posterior cranial fossa tumor. While he 
was in operative room preparing the patient for an elective neurosur-
gery operation for excision of the intracranial tumor, the anesthetist 
planned to insert a Rt. IJV catheter. Post catheter insertion and con-
nection to an infusion set connected to normal saline bag, the anes-
thetist noticed reversed blood flow through the infusion set towards 
the saline bag. Checking the catheter backflow revealed pulsatile 
bleeding with positive pressure. Connection to pressure transducer 
revealed arterial waveforms and also the blood sample gases got with 
a result of being arterial in nature.

 As the patient was already anesthetized and the surgical operation 
was started we decided to complete the surgical operation after in-
sertion of other peripheral lines then after the neurosurgery operation 
finished and while the patient was still intubated, he was taken to have 
a CTA for neck and upper chest great vessels investigating the state of 
this central catheter.

 CTA revealed puncture of the first part of Rt. Subclavian artery 
between the origins of right vertebral artery and right thyrocervical 
trunk then through the brachiocephalic artery with the tip in the as-
cending thoracic aorta (Figure 4).

 We decided to take the patient back to operative room and through 
a medial supraclavicular incision towards the punctured subclavian 
artery the procedure was done with control of main branches of first 
part of the artery and protecting the right phrenic nerve on the anterior 
aspect of the scalene anterior muscle (Figure 5). After artery control 
with clamps, catheter was removed with repair of puncture site with 
running proline 5/0 sutures. Suction drain was inserted and wound 
was closed in layers (Figure 6). Two days later the drain was removed 
with no significant collection with intact upper limb vascularity and 
no development of new neurological deficit clinically and he was vi-
tally stable.

Case 3 presentation

 A 60-year-old male with DM, HTN, recent MI with coronary 
stenting 2 months ago on dual antiplatelet (Aspirin and Plavix) was  

Figure 2: CXR showing the catheter course crossing midline to the left side.

A) Tip of central catheter

Figure 3: Color Doppler US showing the catheter passage into CCA.

A) Central catheter B) CCA

PH pCo2 PO2 O2Sat

7.4 44.3 83.8 98.8
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admitted to CCU post recent cardiac arrest with a GCS 11/15. Patient 
is on inotropes and oxygen mask.

 During current admission in CCU a CVC (7fr.) was planned to 
be inserted in Rt. IJV. After insertion for about 10 days giving fluids 
and medications and while connecting the central line to a pressure 
transducer to measure the central venous pressure it was surprisingly 
noticed that the pressure and the wave forms are arterial in nature.

Blood gases also confirmed being arterial blood samples.

 Plain CXR was done which gave a high suspicion of being arterial 
catheter by the straight course of the catheter and direction towards 
the ascending aorta rather than the Superior Vena Cava (SVC) (Figure 
7).

 A triphasic CTA was performed showing that the catheter pene-
trated the proximal common carotid artery with its tip in ascending 
aorta (Figures 8 and 9).

 The patient condition was a challenging one for open surgical re-
moval of the central catheter as he had recent MI, multiple comorbid-
ities, on dual antiplatelet and the low anatomical site of CCA pene-
tration which could need median sternotomy to guarantee the proper 
control of CCA. For these reasons we preferred managing the case 
through minimal invasive procedures by pulling the catheter with se-
curing the puncture hole by stent placement. With co-operation with 

Figure 8: Coronal section of CTA head, neck and chest (venous phase) Showing the 
passage of catheter into ascending aorta.

A) Tip of the catheter B) Ascending aorta C) Superior vena cava

Figure 4: 3D reconstruction of CTA showing the central catheter into Rt. Subclavian 
artery.

Figure 7: CXR showing the central catheter toward the ascending aorta.

Figure 5: Supraclavicular exposure of first part of subclavian artery.

A) Rt. phrenic nerve B) Rt. vertebral artery C) Rt. internal mammary artery D) Rt. 
thyrocervical trunk E) Rt. subclavian artery F) Cathet

Figure 6: Post operative supraclavicular incision approximated by stapler.
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neuro-intervention under local anesthesia through right femoral artery 
access and selective Rt. CCA angiogram detecting precisely the site 
of arterial puncture, securing the passage with a stiff wire, deploy-
ment of a double layer stent at the site of arterial puncture (Figure 10) 
then pulling the catheter out. We were standby to do balloon dilatation 
of the stent if leakage detected but fortunately no leak detected post 
catheter removal from the puncture site (Figure 11).

 Post-operative the patent was vitally stable with no clinical signs 
of bleeding, hematoma formation or any new neurological events. 
Follow-up X-ray showed no hemothorax.

Discussion
 Central venous catheter insertion is a common nearly day practice 
all over the world especially in the intensive care units and operative 
rooms. Over 5 million central venous catheters are inserted every year 
in the United States alone [1]. However, this common procedure has 
many associated complications that result in morbidity, mortality, and 
increased healthcare cost.

 CVC complications included failure to place the catheter (22%), 
arterial puncture (5%), catheter malposition (4%), pneumothorax 
(1%), subcutaneous hematoma (1%), hemothorax (less than 1%), and 
asystolic cardiac arrest (<1%) [2]. Arterial puncture was noted in 3 to 
15 % of central venous access procedures [1].

 Unrecognized arterial cannulation with subsequent dilation and 
catheter placement is associated with life-threatening hemorrhage and 
neurologic complications [3].

 Prolonged arterial catheterization can result in thrombus, neuro-
logic deficits, and stroke. Immediate removal of an accidental arterial 
catheter can result in uncontrolled hemorrhage, pseudoaneurysm, and 
Arteriovenous (AV) fistula formation; especially in patients who are 
treated with anticoagulants or antiplatelet agents [4].

 Late recognition of arterial cannulation increases the risk of hem-
orrhagic complications that may require surgical intervention [4] as 
one of our cases which was detected 10 days post insertion.

 If inadvertent arterial insertion fails to be recognized, further com-
plications can arise from infusion through malpositioned catheters. 
Rare cases of cerebrovascular events and neurologic deficits have 
been reported in the literature as a result of infusion through an acci-
dental arterial lines [5,6].

 Various risk factors have been identified for CVC misplacements 
like obesity, short neck, lack of USG, coagulopathy, intubated patient, 
hypovolemic, hypotensive patient (less pulsatile backflow), congen-
ital malformations, edematous patient etc. inexperience of the clini-
cian inserting the line has a consistent relationship to complication 
rate [7].

 Inadvertent arterial cannulation can be detected by brightness of 
the blood color and the projectile flow. This is not always a reliable 
confirmation when a patient is hemodynamically unstable, therefore 
the central catheter remains in an artery.

 Inadvertent arterial cannulation is a known complication during 
CVC placement, the combined use of ultrasound measurement and 
arterial blood gas analysis helps in picking up the arterial puncture at 
the earliest. The management is based on the site of arterial puncture 
and patient factors.

 Various means have been suggested to prevent the misplacements 
of IJV catheters like use of USG and fluoroscopic guidance. Early 
detection of misplaced catheters can be done by using CXR, arterial 
blood gas analysis and central venous pressure monitoring.

Figure 9: Axial section of CTA chest (venous phase) Showing the passage of catheter 
into ascending aorta

A) The catheter B) Ascending aorta C) Descending thoracic aorta

Figure 10: Conventional angiography post double layer stent deployment while the 
central catheter still in place before pulling it out.

Figure 11: Conventional angiography post double layer stent deployment after pulling 
out the central catheter with no arterial leakage.
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 Arterial blood gas analysis seems to be an easy, effective and 
definitive way of confirming the placement of IJV catheter. A chest 
X-ray is recommended after inserting IJV catheter to check whether 
the placement in central vein is consistent with the pathway of SVC.

 Ultrasound can significantly decrease the negative impact of clini-
cian inexperience [7]. While Multiple studies have demonstrated the 
benefit of using ultrasound to reduce vascular complications [8,9], 
Using the ultrasound does not eliminate the risk of arterial puncture, 
and catheters can still be inadvertently placed into the arterial system 
[10,11] As occurred in all of our patients who received central cathe-
ters USG.

 Pressure waveform monitoring is another technology used to 
guide central line insertion. It can be used by itself or in tandem with 
ultrasound. Like ultrasound, however, it does not entirely prevent in-
advertent arterial cannulation even though it is undeniably helpful [4].

 We noticed in our cases that the precise evaluation of catheter ana-
tomical puncture site, course and position of the tip was by CT angio-
gram within the venous phase in triphasic CTA as the catheter opacity 
is masked in arterial phase by the arterial opacity itself and become 
more obvious in venous phase.

 The measures to manage inadvertent arterial trauma are catheter 
removal and external compression, endovascular intervention in the 
form of stents, closure devices, or direct surgical arterial repair.

 For considering removal of a catheter and external compression 
the artery should be easily accessible and compressible, e.g. femoral 
artery. Recent studies have demonstrated that leaving the arterial cath-
eter in place with prompt repair carries less morbidity and mortality 
than catheter removal with pressure [12,13].

 Carotid artery compression involves risk of cerebral ischaemia, 
dislodgement of embolus. Guilbert et al. [12] concluded that pull 
and pressure method involves highest number of complications and 
recommended surgical arterial repair. They also proposed a Guilbert 
management algorithm [12] suggesting that if the site of repair is eas-
ily accessible like carotid artery surgical repair should be done and if 
not like in subclavian artery, an endovascular repair should be done 
[12].

 The choice and use of endovascular techniques varies as per the 
patient factors, coagulation status and site of vessel punctured. Two 
types of endovascular devices are available, stent grafts or percutane-
ous vascular closure devices.

Conclusion
 No doubt that the best solution for a medical or surgical compli-
cation is by a successful prevention through taking into consideration 
many variable factors regarding physician, patient, work place and 
equipment. With technological advancement there should be a bet-
ter hand skills training curve and aiding tools that minimizing faults, 
but at the end humans make mistakes have complications not related 
directly to them. Inadvertent arterial catheterization is an ugly com-
plication that may transform a line of life to a line of disability or 
death. Measures to prevent inadvertent catheterization, early detec-
tion of arterial needle puncture are mandatory. Wise investigations 
and planning for the optimal mode of intervention in discovered cases 
are invaluable because the physician decisions will influence directly 
the outcome of his complicated mostly fragile patient.
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