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INTRODUCTION

Long-term central venous catheters (CVC) constitute a main-

stay in the management of critically ill children providing safe

vascular access for all clinical needs. However, they also carry a

risk of complications that may lead to potentially life-threatening

conditions [1–5]. Although, thrombosis and bacterial colonization

have been well studied [2–5], the consequences of CVC trimming

with scalpel or scissors, a common practice in pediatrics, per-

formed in order to adapt length to patient size, have been only

rarely reported [6–9]. Furthermore, totally implanted devices

(Ports) are trimmed at the proximal end but may have significant

drawbacks such as rupture or rotation, bleeding in thrombocyto-

penic episodes and ulcer formation in thin patients, so that their

use in small children is still controversial, even if they are optimal

for adolescents requiring intermittent treatment. Moreover, to date

no data have been published on the molecular and biochemical

surface modifications induced by trimming.

The aim of the study was to assess molecular and ultrastruc-

tural changes to the material employed secondary to the trimming

procedure and to discuss the implications concerning thrombosis

and infections.

CASE

Twenty-one single and double lumen Hickman–Broviac cath-

eters (single lumen, 9.6 Fr. double lumen 12 Fr. —Bard Access

System Inc., Salt Lake City, UT) were immediately processed for

electron microscopy upon removal from the commercial packag-

ing. All devices were purchased from commercial sources and the

manufacturer was not involved in the study. The catheter was

handled with Adson non-toothed forceps and ten transverse

sections were obtained using either sterile Mayo scissors (five

sections) or scalpel (Granton Silver no. 11 surgical blade, Granton

Lagg Ltd, Sheffield, UK; five sections). A total of 210 sections

were thus available for analysis. Uncut manufactured tips were

used as controls.

Scanning Electron Microscopy (SEM) was used for imaging of

all samples, which were mounted on a sputter-coated specimen

stub and examined with a LEO-1450 VP microscope (LEO,

Oberkochen, Germany) equipped with an X-ray probe.

Two distinct SEM approaches were employed: the configura-

tion based on secondary electrons provided information on sur-

face topography, while that based on backscattered electrons

(BSE) provided information on the atomic number of the average

area of origin, topography and crystalline structure.

SEM was also coupled with an energy-dispersive X-ray spec-

troscopy (EDS) probe (Inca Energy, Oxford Instruments: Tubney

Woods, Oxfordshire, UK) to determine the chemical composition

of the sample and investigate the distribution of elements within

the polymer.

Attenuated total reflection-Fourier transform infrared (ATR-

FTIR) spectroscopy is a technique that allows recording of ATR

spectra directly on samples by means of non-destructive analysis;

it was employed to investigate chemical differences on the new

surfaces generated. All spectra were recorded on a Spectrometer

equipped with Universal ATR Sampling Accessory (Perkin-Elmer

Inc., Waltham, MA), using a Diamond Crystal (refractive index

n ¼ 2,419) as ATR probe. The infrared spectra were collected

within the 650 and 4,000 cm�1 wavelengths with 4 cm�1

resolution.

RESULTS

SEM findings in all our 210 specimens (105 scalpel, 105

scissor-trimmed) showed trimmed tips characterized by evident

spikes and depressions, secondary to the combined action of

pressure, cutting and tearing by the blades, which were much

less evident in scalpel-trimmed specimens and completely absent

in the controls, which displayed a smooth surface (Fig. 1).

BSE photomicrographs showed the appearance of inorganic

macroaggregates on the cut surface, which were never evident

on native catheters (Fig. 2A–C). These changes may be ascribed
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to the removal of the ‘‘frozen skin’’ (a thin polymer layer poor in

inorganic charge). The removal of this layer reveals a new surface

where macroaggregates, which are normally embedded within the

catheter, are exposed.

EDS scanning revealed the presence of barium sulfate

(BaSO4, a high-density compound exploited for its radio-opaque

properties) within the specimens (Supplemental Fig. 1A–C). In

particular, Supplemental Figure 1A shows an inorganic charge

macroaggregate covered by a thin polymeric film preventing its

exposure; the silicon (polymer matrix) and barium (inorganic

charge) mappings show that the distribution of these two elements

is homogeneous on the sample surface. Supplemental Figure 1B,C

show that trimming exposes BaSO4 macroaggregates, which are

no longer surrounded by a silicon matrix.

Catheters trimmed with either scissors or scalpel showed simi-

lar spectra on ATR-FTIR spectroscopy, but which were only

marginally different from those of controls. Specifically, changes

were observed at the 1,175 and 1,070 cm�1 absorption peaks

which, according to Zhang et al. [10], could be attributed to

stretching characteristic absorption peaks of barium sulfate, con-

firming an increase in surface charge (Supplemental Fig. 1D).

DISCUSSION

The most common causes of catheter failure are thrombus

formation and bacterial colonization [1–5]; however, the molecu-

lar and physical interactions that affect bacterial and platelet

adhesion to biomaterials have not yet been completely elucidated

[6,7]. Jegatheeswaran et al. [9] have clearly demonstrated that

trimming is the most important factor involved in tip roughness,

and also showed that scissors produce a much rougher surface

compared to a scalpel. Surface hydrophobicity and charge appear

as additional important factors for both bacterial adhesion and

thrombus formation. Both processes are ruled by as yet incom-

pletely understood complex physicochemical interactions. Van

Oss and Giese speculated about hydrophobic interactions in bio-

logical systems, defining them as ‘‘the attraction among apolar or

slightly polar cells or other molecules in an aqueous solution’’

[11]. Bacteria are known to acquire an electrical charge when

suspended in water [12], and Oliveira et al. [13] have found a

linear correlation between surface hydrophobicity and the number

of attached cells, which also applies to the process of bacterial

adhesion to indwelling devices. These authors also demonstrated

that increased surface roughness exposing an increased amount of

inorganic charge facilitates bacterial adhesion and provides a

more favorable site for colonization, protecting bacteria from

shear forces [14–16]. We have demonstrated that the increased

roughness and polarity of the CVC tip, as well as the amount of

inorganic charge revealed by SEM and ATR-FTIR analysis, are

the direct consequence of trimming. These features, not displayed

by native devices, might play a role in both bacterial colonization

and thrombus formation [17–20] and directly influence the viabil-

ity of the device. As previously mentioned, we transected the

catheters transversely. The elliptic shape of a beveled tip may

actually lead to a high-risk of thrombosis and fibrin sheath for-

mation. We believe that the minimally invasive procedure of

ultrasound-guided venipuncture, and subsequent CVC insertion

by means of a wire peel-away introducer, does not require trim-

ming of the tip to this shape.

In conclusion, catheter tips constitute the most important site

for both bacterial and platelet adhesion and there may be a corre-

lation between the modifications in tip shape induced by trimming

and these well-known complications. Clearly only a randomized

follow up study would be able to demonstrate that the recorded

physical changes do in fact lead to an increase in line

complications.

Fig. 1. SEM photomicrograph (SE) of untrimmed (native) and

trimmed samples (either scalpel or scissors).
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Fig. 2. A: SEM photomicrograph (BSE) of native catheter surface (magnification of 50–2,500�). No evidence of inorganic charge macro-

aggregates. B: SEM photomicrograph (BSE) of scalpel trimmed catheter surface. Inorganic charge macroaggregates are visible (a, b); C: SEM
photomicrograph (BSE) of scissor trimmed catheter surface. Inorganic charge macroaggregates are visible (c).
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With currently available devices, the only way of ensuring a

completely smooth distal catheter tip is to use a totally implanted

device (Port) in two pieces. As not all patients are suitable for

these, we advocate that a Hickman–Broviac device should be

designed in two pieces to allow the catheter to be trimmed at

its proximal rather than distal extremity.
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