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ratio 1:3 (catheter diameter:vein diameter) is a well-estab-
lished rule to minimize the risk of catheter-related thrombosis  
(1, 3). As previously reported in the literature, we can prag-
matically divide PICC insertion into: “typical” and “atypical” 
approaches. In practice, the “typical” site for PICC placement 
is the middle third of the upper arm, called “green zone” (4), 
considering also that the smallest possible vein size for placing 
a 3 Fr catheter is 3 mm (3, 5). When a vein with a size of at least 
3 mm is not found at US visualization, the following step could 
be positioning the very same device in a vein in the supraclavic-
ular area and then tunneling on the chest. This can be defined 
as “atypical” PICC positioning (more strictly an off-label use), as 
proposed by Pittiruti (6, 7). The “atypical” approach is becom-
ing more popular in tertiary level pediatric hospitals where the 
request of centrally located catheters in very young patients is 
increasing, and the probability of finding an adequate vein size 
in the arm is low. In our Institution, Istituto Gaslini in Genoa, a 
tertiary level Italian Pediatric Hospital, a broad experience in 
“atypical” PICC placement has been developed. In this article, 
we describe a case series of small patients where a PICC was 
positioned in the supraclavicular area (atypical approach), the 
occurrence of immediate complications, and a critical revision 
of the “pros” and “cons” of this technique.
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Introduction

Peripherally inserted central catheters (PICCs) are cen-
tral vascular access devices (CVAD) made of polyurethane or 
silicone with sizes ranging between 3 and 6 French (Fr). They 
are designed to be inserted into a deep peripheral vein (the 
most widely used approaches are the basilic, cephalic or bra-
chial vein) and then advanced up to the tip seat in the cavo-
atrial junction (CAJ) (1, 2). Ultrasound (US) visualization of 
the vein and the US-guided insertion are of paramount im-
portance for the correct choice of the catheter size and for 
improving the chance of first-pass insertion (1). Indeed, the 
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Materials and methods

A dedicated database was established in Gaslini Hospital 
from May 2015 with the aim of prospectively collecting data 
on VAD placement performed by the vascular access team 
(VAT). One of the first steps of the VAT was to standardize the 
implant procedure as follows:

• Bilateral scanning of the veins of the arms for the PICC 
positioning (basilic, brachial, cephalic and axillary) and 
of the veins in the supra-infraclavicular area for centrally 
inserted central catheters (CICCs) positioning (internal 
jugular, brachiocephalic, subclavian, external jugular,  
axillary infraclavicular) applying two systematic approach-
es: the rapid peripheral vascular assessment (Ra.Pe.V.A.) 
(6) and the rapid central vascular assessment (Ra.Ce.V.A.) 
(7, 8), respectively. The choice of vein was made accord-
ing to the criteria set by Lamperti and collaborators: size, 
depth, patency, respiratory collapse and proximity to vital 
structures (1), plus the exit-site position.

• Procedure performed under maximum barrier precau-
tions and using 2% chlorhexidine for the sterile field (9). 
US-guided puncture and US check of the guidewire posi-
tion (1).

• Control of catheter tip at the CAJ is performed under flu-
oroscopy and/or with intracavitary electrocardiography 
(ECG) (2).

• Tunneling is prepped with subcutaneous hydrodissection 
with local anesthetic and then performed with a dedi-
cated instrument or with a 14-16-gauge (G) peripheric 
cannula (depending on the catheter’s caliber). This pro-
cedure is performed only for tunneled catheters.

• Puncture-site and exit-site closure using cyanoacrylate 
glue, catheter dressing with sutureless device or subcuta-
neous anchoring system, and transparent semi-permeable 
dressing to complete the stabilization (9, 10) (in non- 
tunneled catheters, the puncture-site and the exit-site  
coincide).

Data on age, weight, diagnosis, indication for positioning, 
type and catheter size, puncture-site, number of attempts, 
procedural success, dwell time, immediate and late compli-
cations, reason for removal, were prospectively collected. In 
September 2016, we retrieved data from the database on pa-
tients who had a PICC catheter positioned “atypically” (Fig. 1). 
Thus, we investigated the demographic characteristics of this 
specific population, the primary reason for the atypical posi-
tioning, the catheter type positioned, the technique applied, 
and the occurrence of any procedure-related complication. 
The aim was to identify a population and a specific indication 
where this technique may be widely applied, evaluating both 
“pros” and “cons”. Descriptive data are reported in the pres-
ent article.

Results

From May 2015 to September 2016, 19 atypical PICCs 
were positioned in 18 patients. The median age of patients at 
the day of implant was 14 months (interquartile range [IQR] 
3-27 months), and weight 7.5 kg (IQR 4-12 kg). In all cases, 

the primary request was: PICC positioning in the arm. There 
were two main reasons for switching from the “typical” to the 
“atypical” approach: (i) in 74% of cases, the veins at the time 
of US measurement were too small (<3 mm), and (ii) in the 
remaining 26%, the procedure failed after multiple attempts 
(Tab. I). Patients with arm vein size <3 mm were smaller com-
pared with the rest of the included population: median age 
4 months (IQR 1.5-18 months) and median weight 4 kg (IQR 
3.2-7.7 kg).

The indications for placing the catheter were: perioperative 
management often associated with nutritional support (55%), 
antibiotic therapy (22.5%) and chemotherapy (22.5%). All the 
catheters placed were PICCs: Turbo-Ject™Power-Injectable PICC 
(Cook Medical, Bloomington, IN, USA); SYNERGY™ CT PICC (In-
novamedica SPA, Cusago, Milan, Italy). The most frequent sizes 
used were 3 Fr and 4 Fr, 48% and 36%, respectively. The most 
frequent puncture-site was the brachiocephalic vein (85%). 
The number of attempts needed were: 1 in 69% of cases, 2 in 
26%, 3 or more in 5%. The atypical PICC positioning was finally 
successful in 100% of cases. The catheters were left in place  
for a median of 20 days (IQR 12-49 days). Intra-procedural 
complications such as pneumothorax, hemo-thorax, arterial 

Fig. 1 - Peripherally-inserted central catheters (PICCs) placed atypi-
cally. White arrow: puncture-site. Black arrow: exit-site. The punc-
ture-site and the exit-site were closed with cyanoacrylate glue. The 
catheter is secured with subcutaneous anchor system: SecurAcath® 
(Interrad Medical, Plymouth, Minnesota, USA) and stabilized with 
transparent semipermeable dressing.
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TABLE I -  Patients and catheters: characteristics of 19 PICCs inserted 
in 18 children

Age at PICC insertion, median (IQR), months 14 (3-27)

Weight at PICC insertion, median (IQR), kilograms 7.5 (4-12)

Sex, no. (%)

  Male 10 (56)

  Female 8 (44)

Underlying condition, no. (%)

  Gastrointestinal 6 (33)

  Oncological 5 (28)

  Neuromuscular 4 (22)

  Mixed condition 3 (17)

Clinical indication for PICC placement, no. (%)

  Perioperative ± nutritional support 10 (55)

  Chemotherapy 4 (22,5)

  Antibiotic therapy 4 (22,5)

Patients exposed to PICU >24 h, no. (%) 9 (50)

Reason for atypical insertion, no. (%)

  Not possible 14 (74)

  Arm failure 5 (26)

Catheter French (Fr), no. (%)

  3 Fr 9 (48)

  4 Fr 7 (36)

  5 Fr 3 (16)

Site of PICC insertion, no. (%)

  Brachiocephalic 16 (85)

  Jugular 2 (10)

  Subclavian 1 (5)

Attempts, no. (%)

  1 13 (69)

  2 5 (26)

  ≥3 1 (5)
PICC dwell time, median (IQR), days 20 (12-49)

IQR = interquartile range; PICU = pediatric intensive care unit; PICC = periph-
erally inserted central catheter.

puncture and hematoma did not occur. PICCs removed be-
fore the planned time were 7 (37%): 5 dislodgements (par-
tial or complete) and 2 for suspected infection. Displacement  
occurred more frequently when the sutureless device was 
applied (4 cases) than with the subcutaneous anchor system  
(1 case). One child died before the catheter removal. Six  
patients were discharged with PICCs in place: 4 managed as 
outpatients and 2 transferred to another hospital.

Discussion

We used the “atypical” PICC positioning in very small  
children, their median age and weight were 14 months and 

7.5 kg. In 74% of cases in such small patients, the diameter 
of the veins was too small to satisfy the original request of 
positioning the PICC in the arm (“typical”). To the best of our 
knowledge, there are no available data in the literature to 
establish a cut-off age and weight to request and then place 
a “typical” PICC. Another well documented approach is epi-
cutaneo-caval catheters (ECCs). They have been largely ap-
plied in neonates, mainly by neonatologists, but their main 
limitation is that they are very narrow. Their small caliber 
(≤2 Fr) does not allow rapid infusions and blood product 
transfusion (11). In addition, these catheters are frequently 
placed without US guidance, the catheter-tip often is not 
at the CAJ and they are placed in the crease of the arm  
or at the lower limb. These three factors explain the high 
rate of complications (12, 13). Therefore, they are not  
suitable for medium- and long-term therapies. In these par-
ticular cases, the logical alternative would be the applica-
tion of a CICC, but its maximum duration should be 7 days 
and they are not appropriate for homecare or for outpa-
tients (10).

All the catheters applied in our case series were power-in-
jectable and open-ended PICCs and the sizes most frequently 
used were 3 Fr and 4 Fr, 48% and 36%, respectively. Despite 
the small caliber, no cases of rupture and occlusion were ob-
served until removal. The possible explanation is related to 
the PICC material which is “third-generation polyurethane”. 
Polyurethane PICCs, in particular, have the characteristics of 
allowing high flow infusion and are resistant to high pressure, 
even with small caliber. These characteristics are not found in 
the commonly used CICCs, which are made with first-genera-
tion polyurethane (14).

The most frequent puncture-site in our series was the 
brachiocephalic vein (85%). The primary reason for this 
choice is that this vessel often represents an optimal and 
safe choice in small children, particularly for its large diam-
eter, which is not affected by the respiratory variation (15, 
16). In another 10% of cases the operator chose the in-plane 
US-guided puncture of the internal jugular vein scanned in 
short-axis. This enabled the lower approach to the jugular 
vein and an entry site already oriented for tunneling (17). 
The vein was cannulated at the first attempt in 69% of cas-
es, and in 26% at the second attempt. The procedure was 
successful in all cases and no immediate complications oc-
curred. Many factors may have contributed to this positive 
result. First, the extensive use of US, from the pre-proce-
dural scanning to the puncture. In addition, US was used 
to check the correct guidewire passage and rule out the 
occurrence of pneumothorax at the end of the procedure. 
Second, a trained group was the essential key to success 
(18). Third, the PICC positioning kit was equipped with ap-
propriate materials: small and echogenic needle (21 G), mi-
cro-introducers (length about 5 cm and caliber 3.5-4.5 Fr.).  
This allowed the insertion of the guidewire only for few 
centimeters avoiding the occurrence of potentially danger-
ous arrhythmias or cardiac valves injuries (14). Moreover, 
in such small children, the PICC’s floppy-tip guidewire facili-
tated the insertion into the vein, compared to the J-shaped 
guidewire that may have a greater radius of curvature in 
respect to the diameter of the vein (19). The median dwell 
time was 20 days (IQR 12-49 days), which is in line with the 
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guidelines recommendations for the appropriate use of this 
device (PICC), but also for the positioning technique, which 
is actually a tunneled CICC (10, 14).

In the analyzed study period, 37% of cases of late 
complications required catheter removal. The most fre-
quent complication was dislocation (>70% of total). Two 
different dressing systems were used: sutureless devices 
and subcutaneous anchoring systems. Only one disloca-
tion occurred with the latter device. Two catheters were 
removed for suspected infection (both after 40 days of 
life): one for a candidemia in a patient with concomitant 
urinary tract infection, and the other based on the clinical  
history.

The possibility of the PICCs being adjusted in length 
has two big advantages. The first is the possibility of tun-
neling. Once the vein was cannulated, the exit-site was lo-
cated in a low-risk area for microbial colonization in order 
to reduce the risk of catheter infection (CRBSI) (9, 20, 21). 
Second, the length can be adjusted even for newborn ba-
bies (22). Adjusting the length of the catheter correctly and 
sitting the tip in the CAJ is crucial for minimizing the risk 
of thrombosis (10, 14, 23). Ideally, the best technique to 
correctly place the tip is to match it with the intracavitary 
ECG (24). This technique was introduced during the study  
period.

Finally, the application of uncuffed catheters allowed the 
removal without the need for anesthesia and without resid-
ual scars. In addition, PICCs are catheters whose use is suited 
for home care (10) and we have managed four children as 
outpatients with an atypical PICC fixed with a subcutaneous 
anchoring system.

Based on our findings, atypical PICCs have three major 
disadvantages: (i) difficult to replace in the event of dislo-
cation, (ii) long positioning time, and (iii) more expensive. 
Moreover, comparing the “atypical” to the “typical” PICC, 
the latter has some important advantages: the arm is a 
cleaner skin area than the chest, there are no vital organs 
near the puntcure-site and the arm’s vascular structures 
are all easily compressible. In conclusion, this technique 
seems particularly appropriate when there is the need to 
manage patients with veins of reduced caliber with a CVC 
for 3 to 4 weeks. Some indications for the atypical PICC po-
sitioning could be: long perioperative management, nutri-
tional support, and antibiotic therapy. We only report our 
experience with this positioning technique. The number of 
patients and the type of study does not allow any conclu-
sions on the use of atypical PICC as a long-term CVC. Larger 
studies would be very useful to determine the real benefits 
and limits of this technique.
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