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Abstract

Background: There is extensive literature on incorrect positioning of 
peripherally inserted central catheter (PICC) line tips, particularly concerning 
advancement into the right atrium causing cardiac tamponade. However, 
there is little literature concerning inadvertent arterial cannulation as a 
complication of PICC insertion and what steps could be taken to prevent it. 

Case presentation: An extreme preterm neonate had a PICC line 
inserted into the left arm to provide central venous access for parenteral 
nutrition. Following the insertion, an anteroposterior chest X-ray was used 
to confirm positioning and was deemed acceptable. It was reviewed by a 
consultant radiologist the next day. Fifteen hours after insertion, the nursing 
staff raised concerns that the fingertips on the neonate’s left hand appeared 
dusky and were getting progressively darker. Upon removal of the PICC 
line, an upper limb Doppler was performed, showing severe stenosis of the 
brachial artery with no flow distally in the radial or ulnar arteries. 

Conclusions: This case demonstrates that glyceryl trinitrate (GTN) 
patches can be used to reverse peripheral ischaemia in neonates with good 
effect. After reflecting on the case, we decided that monitoring distal limb 
colour and perfusion should be part of observations in neonates with central 
venous lines in situ and documentation should reflect this. Furthermore, 
when concerns are raised about distal perfusion in a limb with lines in situ, 
all lines should be removed immediately. We would like to emphasise that 
it is of vital importance to promote a culture of openness where all team 
members are empowered to raise concerns about patient safety.

Case report
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Introduction

Peripherally inserted central catheter (PICC) 
lines are peripherally inserted via an upper or 
lower limb vein and then threaded to the vena 
cava [1]. They are used in extreme preterm and 
extremely low birth weight neonates for central 
venous access for parenteral nutrition, fluids and 
medications.

Literature suggests that determining the 
positioning of the tip of a PICC line is difficult 
[2, 3]. As of 2017, 83% of Neonatal Units in 
England and Wales use PICC lines. Of these, all 
Units use plain film radiographs to determine tip 
position. Only 35% of the Units use contrast [4]. 
Evidence suggests that using contrast improves 
the accuracy of tip position assessment [3, 5]. If 
the PICC line is placed incorrectly, it can cause 
pericardial effusions, cardiac tamponade, and 
vascular compromise [1, 6-10].

There is limited literature about cases of 
PICC lines inserted into arteries. However, 
given the poor accuracy for determining the 
positioning of PICC lines, it is clearly an issue 
that clinicians need to be aware of and it may be 
currently underreported. Inadvertent medication 
administration or total parenteral nutrition (TPN) 
infusion into the artery can cause acute ischaemia 
and digital gangrene [11]. 

Case presentation

A preterm baby was born at 25+0 weeks via 
emergency lower segment c-section due to cord 
prolapse. The baby was born in poor condition and 
required stabilisation and ventilation support. The 

Apgar score at 1 minute was 3, this improved to 7 and 
8 at 5 and 10 minutes, respectively. The baby was 
transferred to the Neonatal Unit and was commenced 
on nasal continuous positive airway pressure 
(nCPAP). The neonate had umbilical venous and 
arterial lines inserted for fluids, parenteral nutrition 
and medications. The neonate required parenteral 
nutrition over enteral due to their gestational age. The 
UK National Institute for Health and Care Excellence 
(NICE) recommends giving parenteral nutrition to 
neonates before 31+0 weeks [12].

It is usual practice to insert a PICC line to 
replace the umbilical venous catheter (UVC) as 
soon as practical. The decision was made to do this 
on day 6 of life in this case.

At 21:00 hours the PICC line was inserted into 
the left arm at the antecubital fossa using sterile 
technique. The PICC line threaded well, but the 
insertion site bled for 10-15 mins. Pressure was 
applied to stop the bleeding and during this time 
the arm and fingers were visualised to ensure that 
they were pink and well perfused. It was confirmed 
that there was no blanching. Once the bleeding had 
stopped, the insertion site was dressed, a chest X-ray 
was requested, and the Local Safety Standards 
for Invasive Procedures (LocSSIP) checklist was 
completed. At this time there was a discussion about 
the cause of the prolonged bleeding. It was suggested 
that it could be due to thrombocytopenia. However, 
the neonate’s platelet count (72 x 109/L) was not 
sufficiently low to cause this type of bleeding. 
Reduced platelet counts are somewhat common in 
babies in the Neonatal Intensive Care Unit (NICU). 
One review found that between 22-35% of babies 
admitted to NICUs were thrombocytopenic and 
6% of premature neonates admitted had a severe 
thrombocytopenia (platelet count < 50 x 109/L) 
[13]. However, it would require platelet levels < 
25 x 109/L to cause the type of prolonged bleeding 
witnessed in this case.

On review of chest X-ray, the PICC line position 
appeared to be in an acceptable place, with the tip 
at the midline of T2 over the left brachiocephalic 
vein (Fig. 1). The line passed from the left limb, 
through the axilla and into the thorax. There were 
no kinks or deviations in the line. Upper limb 
PICC line tips should be above T4 and not over the 
cardiac shadow [14]. The UVC was removed and 
the PICC was used to infuse TPN. Medications 
were not administered through the PICC line.

The next day, 15 hours after the PICC line 
insertion, concerns were raised by nursing staff that 
the fingers on the left hand appeared dusky. The 
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neonate’s left arm was reviewed by an advanced 
neonatal nurse practitioner (ANNP) and neonatal 
consultant. The fingers appeared pink with the 
fingertips looking dusky. The fingers were noted to 
be warm. The decision was made to review again 
and continue monitoring the affected hand. The 
baby had a peripheral cannula and the PICC line in 
situ in their left arm.

A further review was conducted 1 hour later, 
the fingers continued to look dusky. The X-ray 
was reviewed to check the PICC line position. 
It was felt that the X-ray showed that the PICC 
line appeared to be in the correct place. The report 
from radiology stated that the tip of the left arm 
long line is projected over the left brachiocephalic 
vein. It was thought that the duskiness could be 
due to the intravenous cannula dressing, as such 
the peripheral cannula was removed from the left 
hand. The team continued to closely monitor the 
situation. 

An hour later the ANNP and consultant 
reviewed the hand again and found no change. 
They requested another consultant review. A 
glyceryl trinitrate (GTN) patch was suggested, but 
not administered.

The neonate was reviewed on the evening 
handover, 3 hours after the previous review. There 
was an increased dusky appearance to all fingertips 
on the left hand and had clearly worsened since the 
review (Fig. 2). The team decided to remove the 
PICC line, commence a GTN patch and re-obtain 
venous access. Over 20 hours after insertion, at 17:25 
hours, the PICC line was removed.

The neonate’s mother was initially updated by 
a nurse over the phone regarding the PICC line 
removal. The consultant had a discussion with her 
the following day when she visited, and duty of 
candour was performed.

An upper limb Doppler and medical pho-
tography were requested and were performed the 
next day. The case was reported to the Serious 
Incident Group for investigation. The neonatal 
team reviewed the case and made an action plan to 
prevent future incidents. 

Unfortunately, the neonate continued to have 
issues with vascular access and a subsequent 
PICC line extravasated and had to be removed. 
This caused significant anxiety for the neonate’s 
mother. 

Diagnostic assessment

A plain radiograph was used to assess the 
positioning of the PICC line. Plain film radiographs 
are used to determine the correct depth and ensure 
that it is in a central location. However, it cannot 
determine whether the line is in the venous or 
arterial circulation [15].

X-ray is shown in Fig. 1.
Assessing the placement of a PICC line 

using plain radiographs alone has been shown 
to be unreliable. In one study, neonatologists 
only agreed on the positioning of PICC lines on 

Figure 1. Chest X-ray: showing position of peripherally 
inserted central catheter (PICC) line.

Figure 2. Ventral left forearm and hand.
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radiographs 62% of the time and disagreed with 
their own assessment 27% of the time when 
shown an identical radiograph [2]. Studies have 
shown improved accuracy if using contrast to 
enhance plain film radiographs when determining 
PICC line tip positioning [3, 5]. However, even 
with contrast, it can be difficult to identify this in 
smaller infants [3, 16]. The use of contrast does 
not aid differentiation between line placement in 
veins or arteries.

Guidelines from another UK Neonatal Op-
erational Delivery Network state that venous 
upper limb left sided PICC lines should cross 
the midline [16]. The tip of the PICC line shown 
on the chest X-ray in Fig. 1 does not appear to 
cross the midline. However, the chest X-ray in 
question was reported as rotated. This reduces the 
accuracy of determining the location of the PICC 
line tip [16]. 

An upper limb Doppler of arteries in the left 
limb was performed the day after removing the 
PICC line. In the brachial artery, the proximal to 
middle segments were patent with high resistance 
flow waveform suggesting distal severe stenosis 
or occlusion. Flow in the distal segment could not 
be seen, suggesting that it was likely occluded. No 
flow could be seen in the radial and ulnar arteries. 
This indicates that the PICC line had been inserted 
arterially and was responsible for the reduction in 
perfusion to the digits of the left hand.

Theraputic intervention

The initial treatment was removing the line 
to prevent further damage. After this a GTN 
patch was administered to treat the peripheral 
ischaemia. There have been numerous case reports 
recommending the use of GTN patches to reverse 
peripheral ischaemia in neonates, sometimes with 
much success [17-23]. However, there are no trials 
published and it is not licenced for this use in the 
British National Formulary (BNF). Despite this, 
there are recommendations for its use in a number 
of UK Local Trust guidelines [24-25].

Follow-up and outcome

The colour of the digits of the left hand improved 
steadily after the PICC line was removed and GTN 
was started (Fig. 3 and Fig. 4). The neonate was 
transferred to another hospital and returned to the 
base hospital after 6 weeks. When reviewed, only 
the tip of the index finger remained black (Fig. 5). 

Figure 3. Palmar left hand.

Figure 4. Dorsal left hand.
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A repeat Doppler of the upper limb was performed 
10 weeks after the PICC insertion. The brachial, 
radial and ulnar arteries were clear with good 
triphasic flow throughout. This was consistent with 
the clinical improvement in the colour of the digits. 
Eventually, the distal 2 mm of the index fingertip 
was lost (Fig. 6). The long-term effect of this has 
yet to be seen. However, the outcome appears to 
be good given the nature of the injury and range of 
possible outcomes and amount of tissue lost. 

Discussion 

The first reported case of inadvertent arterial 
cannulation with a PICC line in a neonate was 
published in 2015 [26]. There have been a handful 
of similar cases reported since [21-23]. 

There are several locations for PICC line 
insertion where arteries lie in close proximity to 
the veins. In the antecubital fossa the brachial 
artery lies between the basilic and cephalic veins 
[14]. In the anatomical snuffbox the cephalic 
vein runs alongside the radial artery, and in 
the first webspace the princeps pollicis artery 
runs with the vein. This increases the chance of 
accidental arterial cannulation. While extensive 
knowledge of the relevant anatomy is paramount 
to understanding the risks of inadvertent arterial 
cannulation, it must be noted that abnormal 
vasculature and anatomical variants are pos-
sible. As such it is important to recognise the 
clinical signs of incorrect positioning. Signs of 
inadvertent arterial cannulation include pulsation 
in the line or introducer, blanching of the skin 
around the insertion point or limb distally, and 
arterialised blood in the needle or line, which 
can be determined by colour or blood gas testing 
[14]. However, visible pulsations are less easily 
seen in unwell patients such as this neonate. In 
this case blanching of the skin was looked for and 
was not observed. 

Blood gas testing on blood in the needle or 
line is not routinely performed during PICC 
insertion. However, it may be a simple and inex-
pensive method for detecting inadvertent arterial 
cannulation. Doppler ultrasound can also be used 
to accurately determine whether the vessel used 
for access is venous or arterial [27]. The use of 
ultrasound requires a suitably trained operator. It 
does not expose the neonate to radiation and can 
be done quickly at the bedside. Literature from 
centres that routinely use periprocedural ultrasound 
during PICC placement suggest that its use makes 
misplacing an upper limb line into the brachial 
artery a rare occurrence [28].

Guidelines from another Neonatal Operational 
Delivery Network state that possible signs of 
mistaken arterial insertion of a PICC line include 
bleeding excessively at insertion site and digits 
becoming pale or dusky after starting the infusion 
[16]. There is little literature on the subject. Further 
research confirming that prolonged bleeding is 
highly predictive of incorrectly inserting the line 
into an artery could be useful in informing future 

Figure 5. Follow-up left hand: black fingertip.

Figure 6. Follow-up left hand: lost fingertip.
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practice. However, more common causes of 
prolonged bleeding would need to ruled out first. 
These include coagulopathies, vitamin K deficiency 
and thrombocytopenia [29].

The neonatal team has discussed the case 
following serious incident reporting. The out comes 
were presented at a Quality Innovation Productivity 
and Prevention (QIPP) meeting. In future, the 
condition of the limb will be documented on the 
LocSSIP for bruising, perfusion and colour before 
inserting a central catheter. The LocSSIP form has 
been appropriately updated to facilitate this. The 
limb condition will be monitored on the observation 
chart for all central venous and arterial catheters 
to ensure that there are no changes in colour or 
perfusion. If identified, there should be immediate 
escalation to members of the team and removal of 
the line. 

In hindsight it would have been more appropriate 
to remove the PICC line along with the peripheral 
cannula when an issue had been identified. The 
team discussed this, and it has been decided that all 
lines will be removed from a limb when there are 
clinical signs of peripheral ischemia. This should 
allow for the source of any issue, whether it be 
perfusion, swelling or inflammation, to be corrected 
immediately after identification. The challenges of 
obtaining access in premature infants can encourage 
clinicians to persevere with the access that has 
already been obtained rather than immediately 
remove it.

At the QIPP meeting it was agreed that the team 
already has an open culture, good work environment 
and everyone is happy to ask and challenge when 
they have concerns. However, this is a useful 
opportunity to reinforce this message and foster 
good practice. 

Patient’s perspective

“They initially told me that the fingers had gone 
dusky, then they said that they were blue. I was 
shocked when I saw that they were jet black. I think 
if I’d have been told that they were turning black I 
would have thought frostbite and losing fingers right 
away. I think they downplayed how serious it was. 
It would have been a nasty shock at some point no 
matter how they told me, but the experience made 
me trust the team less.

I was angry. I think it could have been prevented 
and they should have acted quicker when the fingers 
started getting dusky. I wouldn’t let them anywhere 
near him with a needle. After a while I became less 

angry, and I was able to think it through and see that 
due to his size getting the line in the right place was 
difficult. 

It’s really important to me that something 
positive comes from this bad experience. It’s 
good to see that because of what happened to him 
they’ve changed things. It means that it won’t 
happen to someone else’s baby. When he’s older I 
want to show him this, so he can see the positive 
changes that came from what happened to him.”  
– Patient’s mother

Abbreviations

ANNP: advanced neonatal nurse practitioner 

BNF: British National Formulary 

GTN: glyceryl trinitrate

LocSSIP: Local Safety Standards for Invasive Procedures 

nCPAP: nasal continuous positive airway pressure 

NICE: National Institute for Health and Care Excellence 

NICU: Neonatal Intensive Care Unit 

PICC: peripherally inserted central catheter

QIPP: Quality Innovation Productivity and Prevention

TPN: total parenteral nutrition 

UVC: umbilical venous catheter
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