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ABSTRACT

Objective: to discuss the most current recommendations for nursing practice in the management of the peripherally inserted
central catheter (PICC) in newborns (NBs). Content: care for NBs with PICCs has undergone several changes as regards
measuring the size of the catheter to be inserted and visualizing the vein to be punctured, factors influencing choice of insertion
site, monitoring for catheter migration, confirming PICC tip position, and other precautions for device maintenance and
removal. Conclusion: knowledge of PICC management in newborns has advanced greatly, but still features gaps to be explored.
Care for NBs who receive a PICC is expected to improve.

Descriptors: Nursing; Catheterization, Peripheral; Infant, Newborn; Diffusion of Innovation.

RESUMO

Objetivo: discorrer sobre as recomendagGes para pratica de enfermagem mais atuais no manejo de cateter central de insergdo
periférica (PICC) em recém-nascidos (RNs). Contetido: a assisténcia ao RN com PICC vem sofrendo diversas alteragdes em
relagdo as formas de mensuragdo do tamanho do cateter a ser inserido e de visualizagdo da veia a ser puncionada, aos fatores
que influenciam a escolha do sitio de insergdo, ao acompanhamento da migracdo do cateter, a confirmagdo da ponta do PICC
e a outros cuidados de manutengdo e remogdo do dispositivo. Conclusdo: houve uma grande evolugdo do conhecimento
referente ao manejo do PICC na populagdo neonatal, mas ainda existem lacunas de conhecimento a serem exploradas. Espera-
se uma melhoria da assisténcia ao RN que receberd um PICC.

Descritores: Enfermagem; Cateterismo Periférico; Recém-Nascido; Difusdo de Inovagdes.

RESUMEN

Objetivo: discutir las recomendaciones mas actuales para la practica de enfermeria sobre el manejo de catéteres centrales de
insercion periférica (PICC) en recién nacidos (RN). Contenido: la asistencia al RN con PICC ha sufrido varios cambios en relacién
con las formas de medir el tamafio del catéter a insertar y la visualizacion de la vena a puncionar, los factores que influyen en
la eleccién del sitio de insercion, el seguimiento de la migracion del catéter, la confirmacidn de la punta del PICC y otras
precauciones de mantenimiento y extraccion del dispositivo. Conclusién: ha habido una gran evolucidn del conocimiento sobre
el manejo de PICC en la poblacién neonatal, sin embargo, aun existen brechas de conocimiento por explorar. Se espera una
mejora en la asistencia al RN que recibira un PICC.

Descriptores: Enfermeria; Cateterismo Periférico; Recién Nacido; Difusion de Innovaciones.

INTRODUCTION

The peripherally inserted central venous catheter (PICC) has been used in Brazil since 1990, but its use has become
more frequent in the neonatal area from 2000 onwards®. PICC insertion in neonatology enables safe, effective,
prolonged, and comfortable intravascular venous access to a fragile population vulnerable to iatrogenic risks?3.

The use of PICC in newborns (NBs) has an impact on reducing the risk of phlebitis, the number of repeated
punctures with peripheral intravenous catheters, and, consequently, reducing pain and suffering®*.

However, the insertion and maintenance of PICC are complex procedures and its use is related to a large
repertoire of complications that can increase neonatal morbidity and mortality®. For this reason, the nurse must
know the specifics of PICC, qualify for the insertion and handling of this catheter, establish protocols in hospital
institutions, and always keep up-to-date on the technological innovations used in the management of this PICC to
provide effective and quality care'2.
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Many of these technological and care innovations related to PICC have been standing out on the international
scenario and have been ratified by the recent publication of guidelines and research. However, the latest Brazilian
publications do not present changes in measurement techniques, insertion, and maintenance of PICC in newborns?®’.

In this context, this article aims to discuss the innovations in the practice recommendations in the management
of PICC in neonates.

CONTENT

PICC indications in neonatology

The indication for insertion of central vascular access devices such as PICC in NBs was changed to when a need for
intravascular therapy of at least five days is anticipated, as there is a need for high-quality clinical trials to indicate
midline catheters in this population®.

Measurement of the PICC length to be inserted

Traditionally, the extension/length of the catheter that will be inserted into the vessel is measured according to external
anatomical landmarks, always starting from the probable insertion site®°. However, the use of this measurement technique
has led to the need for adjustments (traction) of the catheter due to poor positioning of the tip in approximately 65.9 to 73.5%
of insertions!®12, This need for adjustments can reach 97.3% in NBs who weigh less than 617 grams*2,

Thus, formulas were developed to estimate the length of the PICC to be introduced in an attempt to reduce
tractions after insertion, correlating it with the weight and height of NBs. A study*! evaluated 214 NBs and estimated
different formulas depending on the PICC insertion site. The authors reported the following formula for insertion into
foot veins “measurement to be inserted (cm) = 16 + 4.27 x body weight (kg)”; for insertion into the femoral vein, the
“measurement to be inserted (cm) = 9.8 + 1.7 x body weight (kg)”; in the popliteal vein, the “measurement to be inserted
(cm) =-0.3 + 0.45 x height (cm)”; in the hand veins, the “measurement to be inserted (cm) = 4.46 + 0.32 x height (cm)”;
and in the axillary vein, the “measurement to be inserted (cm) = 1 + 0.18 x height (cm)”. The accuracy of the proposed
formulas was evaluated in 102 NBs and there was a reduction in the need for catheter traction after insertion, especially
when the insertion site was performed in lower limb (LL) veins'®.

Another recent study reviewed the medical records of 790 patients and established a formula that assigns a constant
value according to the vein to be punctured, which considers the vein to be punctured, the weight range in which the NB was
born (from 1000 to 1500 g, for example), and the birth weight. The PICC length to be inserted would be equal to Section (vein
constant) + (weight constant x weight/100). This formula demonstrated an accuracy greater than 90% among NBs evaluated®.

These studies present a safe and assertive alternative to the measurement that uses anatomical landmarks,
innovating by enabling the reduction of painful and stressful procedures by reducing the need for PICC traction after
insertion and manipulation of NBs%%3,

Visualization of the vein to be punctured

There is a recommendation that an ultrasound (US) device be used to assess the vein that will be punctured in
terms of its caliber (not exceeding 30-45% of the vessel) and whether there are abnormalities in its extension, such as
occlusions and thrombosis®1416,

A retrospective study from the United States aimed to describe the use of US in the PICC insertion. It presented
the technique of visualization, puncture, and PICC insertion in real-time, demonstrating the simplicity and accuracy of
the techniquel?, as shown in Figure 1. In that study, the success rate was 100% in a sample consisting of 10 NBs, with
multiple previous unsuccessful vascular access attempts!®.
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FIGURE 1: Transverse view when placing the US transducer lightly
on the skin that will receive the puncture for the catheter
insertion®4.
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Few studies have been found in which devices were used to facilitate the visualization of veins when inserting PICC
in NBs, as well as the use of US for this purpose!*1>. Despite this, a clinical trial demonstrated the effectiveness of near-
infrared and transluminator equipment in the insertion of peripheral catheters in NBs'’, and there is a recommendation
to use devices for this purpose®1®,

Factors influencing the choice of the insertion site

Recent research with NBs'® did not identify any difference in the prevalence of complications related to the use of
PICC relative to the insertion site. However, the results of a meta-analysis’® demonstrated that the rates of
complications related to the use of PICC in NBs are higher in catheters inserted in upper limb (UL) veins when compared
to those inserted in LL, mainly risk of non-elective removal and poor positioning?®.

Studies have shown that the risk of thrombosis increases in NBs who underwent abdominal surgery®?® and that
severe thrombotic complications can occur in surgical patients with PICC inserted in LL?. This last fact can be explained
by the need for longer maintenance of PICC in surgical patients due to probable abdominal hypertension after local
surgery and the resulting decrease in femoral blood flow, which would increase the risk of thrombosis due to venous
stasis?®.

Therefore, although the veins of upper limbs are the preferred insertion sites for PICC insertion, it is
important to consider performing this procedure initially in the LL of non-surgical NBs!®. In NBs undergoing
abdominal surgery, it is recommended to avoid PICC insertions in LL to reduce the occurrence of some
complications related to the catheter®.

Monitoring of catheter migration

PICC constantly migrates within the vessel, regardless of the insertion site. Studies have found that elbow
flexion and adduction and abduction movement at 180° of the upper limb with a catheter during x-ray results in
movement of the tip towards the heart®?%22, Research with 60 neonates shows that limb movement leads to
migration of the catheter tip according to the punctured vein, and if the catheter is inserted below the elbow and
is flexed, its tip migrates towards the heart when compared to the one performed in elbow extension; and if the
limb is adducted towards the body, there is migration into or out of the heart if the veins accessed are basilic and
cephalic, respectively??.

Thus, most of the currently available evidence emphasizes with greater support that a flexed elbow position should
be adopted to perform the x-ray confirmation of the tip of the PICC inserted in UL, as this is the most physiological,
common, and natural position for the NB, in addition to being the longest in most insertion sites®*2,

It seems safe and even recommendable to perform x-rays in patients who received PICC in UL in a flexed elbow
and adducted shoulder position. This constant tip migration also confirms the need for routine and frequent radiological
monitoring of the PICC positioning.

Ultrasound, when available at the unit, can be used to insert the PICC and during its migration to the desired site,
as its use is associated with an improvement in insertion success rates and a decrease in the number of punctures and
complication rates®°,

PICC tip position

There is very robust evidence linking the increase in complication rates with non-central positioning of the PICC
tip, especially obstructions, extravasation, other mechanical complications, phlebitis, and non-elective removal®>%2324,
Complications that culminate in non-elective PICC removal can lead to early interruption of intravenous therapy,
increased costs, increased hospital stay and stress, and negative impacts on the NBs’ health!22°,

For this reason, it is essential to ensure that the PICC tip is positioned as centrally as possible, ideally in the superior
or inferior vena cava and close to the cavoatrial junction, and its visualization is traditionally performed by x-ray after
its insertion®1%121% However, confirmation of the tip by x-ray has been considered inadequate due to the time it can
take to perform this procedure and the amount of radiation to which NBs are exposed*%2%?7,

As safer, more reliable, and cheaper alternatives, the confirmation of the PICC tip location could be
performed in real-time through US and/or intracavitary electrocardiogram (IC-ECG) 2. The rate of need for PICC
adjustment/traction after its insertion is significantly lower when its tip is verified by US compared to x-ray. In
addition, the PICC tip location is performed in a shorter time interval when using US'%22 and its accuracy can reach
up to 94%%24. US also has the advantages of not exposing NBs to radiation, real-time assessment, lower incidence
of misplacement of the tip, less manipulation of NBs, and immediate identification of migration and repositioning
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of catheters to an appropriate position.!%1>22 However, there are obstacles to the implementation of this
technology, such as the availability of equipment in the units and the need for training and accreditation of the US
operator81428,

The IC-ECG works by placing electrodes at three points on the thorax, and one of the sensors connected to them
is removed during insertion and placed in contact with the distal end of the PICC?%27:2%30, a5 shown in Figure 2. As the
catheter tip moves towards the heart, the P wave of the electrocardiogram changes and undergoes an increase in
amplitude until it exceeds that of the QRS complex when it reaches the cavoatrial junction (Figure 3); the P wave
decreases when the PICC tip enters the heart and can become bidirectional or negative?%293°,
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FIGURE 2: Demonstration of how the materials capable of instrumenting the
IC-ECG30 are organized®.
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FIGURE 3: P-wave amplitude exceeding the QRS complex, a phenomenon that
can be verified when the catheter tip reaches the cavoatrial junction?.

Studies that compared the accuracy of IC-ECG with x-ray have shown a number ranging from 74-95%252%30 with a
sensitivity of 94.26-97% and specificity of 85.5-100%2%%°. Other advantages of this method: it is non-invasive, there is
no exposure to radiation, and the necessary equipment is easy to handle by trained nurses?®27.2°, The complication rate
in a study that compared this method with the anatomical landmark was lower in the IC-ECG group?. Importantly, some
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factors can lead to failures, such as the non-appearance of the P wave, active patient movement, and interference from
other nearby electromagnetic equipment?6:29:30,

Non-invasive maneuvers to aid progression and reposition the PICC tip

Regarding the PICC progression, a recent Brazilian article shows the application of a shoulder movement maneuver
capable of assisting it in the right hemi-clavicular region of NBs, which consists of three steps to increase the subclavian
space between the first rib and the clavicle, reducing possible local compression: elevation (pressing the axillary region),
protraction (pressing the scapular region postero-anteriorly, bringing the shoulder forward), and lowering (pressing it
lightly in the cephalocaudal direction). There was statistical significance with the better progression of the catheter
inserted into the right cephalic vein when the maneuver was performed (p<0.05)°.

In NBs, there is a recommendation to use non-invasive means for its correction whenever the PICC tip is poorly
positioned inside the vessel, such as elevating the head of the bed if the tip is in the jugular vein, lying on the opposite
side with the head elevated if it in brachiocephalic vein, or delicate flushing and fluid infusion®. Mispositioning
adjustments of the tip of 10 PICCs only with the movement of the limb in which it was introduced have been described.
Thus, PICCs inserted in the basilic vein that went to neck veins showed a successful tip migration in 9 out of 10 catheters
with the following maneuvers: the limb was abducted at the shoulder and the elbow extended as far as possible, which
led to the tip in a more peripheral direction; then, the shoulder was adducted, and the elbow flexed so that the tip went
to the central position. A catheter inserted in the cephalic vein, which bent in the subclavian vein, returned to the central
position when adducting the limb at shoulder level and extending the elbow as far as possible and, soon after, abducting
the shoulder and flexing the elbow?!.

Other precautions related to PICC insertion, maintenance, and removal

In general, catheters should not be cut unless recommended by the manufacturer3l. Even with the
recommendation, the practice of cutting the catheter leads to changes in its tip, which may or may not have negative
clinical consequences3?. A study carried out with 634 adults found an association between cutting the PICC before its
insertion and deep vein thrombosis (DVT), that is, when the PICC is cut, there is 5 times more chance of developing DVT
compared to uncut catheters3. A systematic review with a hospitalized neonatal population showed that it is not
possible to affirm that the procedure of cutting catheters is safe and that guidelines based on relevant evidence were
not found to guarantee safety in this procedure3.

Regarding the insertion procedure, a Brazilian quasi-experimental study demonstrated that the use of a thermal
blanket during the PICC insertion in NBs can prevent and even correct the hypothermia resulting from this procedure.

The need for flushing (administration of a quick solution to wash catheter) to ensure the PICC permeability was
also evaluated in a systematic review, and no type of recommendation for the neonatal population could be provided
due to the lack of evidence for carrying out very varied practices3. However, flushing with saline solution (without
preservatives, which are toxic for NBs), preferably pulsatile, is recommended in all vascular devices before and after
administration of medications®. In addition, the use of continuous solutions with 0.5U/kg heparin in all central catheters
for NBs is recommended?.

No descriptions of the use of PICC with anti-thrombogenic materials in NBs have been found. However, an
overview states that there is still a need for more trials to establish the effectiveness, efficiency, and safety of the
products used in these catheters®.

Regarding the prevention of infection, no reports have been found on the safety and effectiveness of PICCs
impregnated with antimicrobials/chlorhexidine in the neonatal population, but locks with vancomycin and heparin led
to excellent results in a recent study carried out with NBs32,

The prudent use of chlorhexidine is also recommended during skin asepsis in preterm and low birth weight NBs in
the first 14 days of life due to the occurrence of chemical burns, as well as infants younger than 2 months, as there are
records of systemic absorption. The antiseptic should be removed soon after use and time of action, and iodine-based
products should not be used for asepsis in premature infants®3°,

Transparent dressings for PICCs inserted in NBs are still recommended not to be changed routinely, but only when
dirty or loose, and the use of dressings and integrated devices that eliminate the need for sutures for proper fixation of
the catheter are encouraged®*. An Italian neonatal unit obtained a reduction from 35 to 20% of accidental displacement
when using cyanoacrylate glue with the transparent dressing to fix the PICC, being the use of the glue safe, cheap, and
easy to remove'®. However, further studies must be carried out to confirm the effectiveness of this material.
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The neonatal population has a high risk of skin injury and hence the use of barrier/protective solutions on the skin

is advised before applying the dressing®*. Dressings impregnated with chlorhexidine should be avoided, as they are
associated with contact dermatitis in NBs, especially in premature ones®.

Another current recommendation is that the PICC and other central catheters be removed with the NB in the

supine position (or even Trendelenburg if not premature), performing compression with sterile gauze and maintaining
an occlusive dressing, such as gauze with petrolatum, for 24 hours to prevent air embolism?.

CONCLUSION

In recent years, there has been a great evolution of knowledge regarding the management of PICC in the neonatal

population. There is a better understanding of the catheter behavior inside the vessel, new ways of measuring the
catheter length to be inserted, use of technology in insertion procedures and confirmation of the catheter tip, catheters
and dressings of different materials used in other populations cannot be used in NBs. Care that was previously
considered essential, such as flushing at the same time and cutting the catheter before insertion, have been evaluated
in terms of their real needs and risks. All these innovations have reduced complication rates, which certainly reduces
the morbimortality and suffering of NBs.

Unfortunately, even though some studies may date back more than 5 years, the information and their

recommendations do not seem to be reaching the direct care of neonatal patients in many institutions in Brazil. Thus,
it is expected that this article transforms the knowledge acquired through its updates into a direct improvement in the
quality of nursing care for newborns who receive the PICC.
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