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Development of a safe guidewire
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vices for preventing accidents before they happen are
rare.

It is true that the cause of accidents in most cases is a
lack of experience and the underdeveloped technique
of technicians; but it is thought that there is still room
for improvement in the safety features of the central
venous catheter device itself. For that reason, we con-
ducted an analysis of events that occur during insertion
of central venous catheters from the standpoint of the
device’s structure.

In daily medical practice we use Safe Guide. Its struc-
ture consists of a 22-gauge metal needle with a side hole
for inserting the guidewire; the guide wire is inserted
through the lumen of the metal needle. Because the
needle is so thin, there is less puncture resistance and a
higher puncture success rate compared with the conven-
tional technique [6,7]; it can also be said to be a less
invasive technique. However, we have frequently en-
countered a guidewire locking phenomenon (where the
inserted guidewire can no longer be advanced or with-
drawn) that we had never experienced with conven-
tional techniques. We also had one case where the
guidewire in this type of locked state broke after being
forcefully withdrawn, with part of the guidewire
remaining in the blood vessel [8].

We thought that using this technique, where the
guidewire is inserted through a metal needle, involves a
specific risk; and as a result of investigating the cause of
the guidewire locking phenomenon from the standpoint
of the device’s structure, we believed that the main
cause of the locking phenomenon was the structure of
the guidewire. Thus, we devised an improved guidewire
and then compared it with conventional guidewires.

Figure 1 shows a conventional guide wire on the
left and the improved guidewire on the right. The
conventional guidewires consist of a stainless steel
core wound lengthways by a spring made of the same
material (hereafter wound lengthways). In the im-
proved guidewire, thin wires of the same material are

Abstract
As the result of a locking phenomenon that may occur in a
guidewire inside a metal puncture needle when using the
Seldinger technique to insert a central venous catheter, the
guidewire can break and cause an embolism. To counter this
possibility we devised a guidewire with a structure that made
it difficult for locking to occur and compared it to conven-
tional guidewires. Conventional guidewires are wound length-
ways with a spring. The improved version has a special
multi-ply structure. A series of 100 cases were divided into
two groups: group A, the conventional guidewire group; and
group B, the improved guidewire group. We punctured the
internal jugular vein and attempted insertion of the guidewire
through the side hole of a 22-gauge metal needle. We then
compared the frequency of locking and the frequency of bend-
ing of the guidewire tips that have been withdrawn. In group
A, locking occurred in 72% of the cases where the guidewire
was unable to be inserted, but this figure was 0% in group B.
The improved guidewire has the advantage of reducing the
risk of locking and of guidewire breakage.

Key words Central venous catheter · Complication ·
Guidewire

Complications arising from central venous catheter
puncture can be divided into two main categories. The
first is arterial misplacement, with hemothorax or pneu-
mothorax due to misplacement at the time of puncture;
the second is an embolism due to breaking of the cath-
eter or guidewire device.

There is no shortage of articles discussing reports of
the latter complication. They include cases where the
tip has formed loops [1–3], cases where the tip has bro-
ken off [4], and cases where the guidewire has broken
because of the difficulty of extracting it [5]. However,
most of the reports concern post accident measures and
treatment; reports examining the improvement of de-

Address correspondence to: T. Suzuki
Received: April 13, 2005 / Accepted: September 27, 2005

Used Mac Distiller 5.0.x Job Options
This report was created automatically with help of the Adobe Acrobat Distiller addition "Distiller Secrets v1.0.5" from IMPRESSED GmbH.You can download this startup file for Distiller versions 4.0.5 and 5.0.x for free from http://www.impressed.de.GENERAL ----------------------------------------File Options:     Compatibility: PDF 1.2     Optimize For Fast Web View: Yes     Embed Thumbnails: Yes     Auto-Rotate Pages: No     Distill From Page: 1     Distill To Page: All Pages     Binding: Left     Resolution: [ 600 600 ] dpi     Paper Size: [ 595.3 785.2 ] PointCOMPRESSION ----------------------------------------Color Images:     Downsampling: Yes     Downsample Type: Bicubic Downsampling     Downsample Resolution: 150 dpi     Downsampling For Images Above: 225 dpi     Compression: Yes     Automatic Selection of Compression Type: Yes     JPEG Quality: Medium     Bits Per Pixel: As Original BitGrayscale Images:     Downsampling: Yes     Downsample Type: Bicubic Downsampling     Downsample Resolution: 150 dpi     Downsampling For Images Above: 225 dpi     Compression: Yes     Automatic Selection of Compression Type: Yes     JPEG Quality: Medium     Bits Per Pixel: As Original BitMonochrome Images:     Downsampling: Yes     Downsample Type: Bicubic Downsampling     Downsample Resolution: 600 dpi     Downsampling For Images Above: 900 dpi     Compression: Yes     Compression Type: CCITT     CCITT Group: 4     Anti-Alias To Gray: No     Compress Text and Line Art: YesFONTS ----------------------------------------     Embed All Fonts: Yes     Subset Embedded Fonts: No     When Embedding Fails: Warn and ContinueEmbedding:     Always Embed: [ ]     Never Embed: [ ]COLOR ----------------------------------------Color Management Policies:     Color Conversion Strategy: Convert All Colors to sRGB     Intent: DefaultWorking Spaces:     Grayscale ICC Profile:      RGB ICC Profile: sRGB IEC61966-2.1     CMYK ICC Profile: U.S. Web Coated (SWOP) v2Device-Dependent Data:     Preserve Overprint Settings: Yes     Preserve Under Color Removal and Black Generation: Yes     Transfer Functions: Apply     Preserve Halftone Information: YesADVANCED ----------------------------------------Options:     Use Prologue.ps and Epilogue.ps: No     Allow PostScript File To Override Job Options: Yes     Preserve Level 2 copypage Semantics: Yes     Save Portable Job Ticket Inside PDF File: No     Illustrator Overprint Mode: Yes     Convert Gradients To Smooth Shades: No     ASCII Format: NoDocument Structuring Conventions (DSC):     Process DSC Comments: NoOTHERS ----------------------------------------     Distiller Core Version: 5000     Use ZIP Compression: Yes     Deactivate Optimization: No     Image Memory: 524288 Byte     Anti-Alias Color Images: No     Anti-Alias Grayscale Images: No     Convert Images (< 257 Colors) To Indexed Color Space: Yes     sRGB ICC Profile: sRGB IEC61966-2.1END OF REPORT ----------------------------------------IMPRESSED GmbHBahrenfelder Chaussee 4922761 Hamburg, GermanyTel. +49 40 897189-0Fax +49 40 897189-71Email: info@impressed.deWeb: www.impressed.de

Adobe Acrobat Distiller 5.0.x Job Option File
<<     /ColorSettingsFile ()     /LockDistillerParams false     /DetectBlends false     /DoThumbnails true     /AntiAliasMonoImages false     /MonoImageDownsampleType /Bicubic     /GrayImageDownsampleType /Bicubic     /MaxSubsetPct 100     /MonoImageFilter /CCITTFaxEncode     /ColorImageDownsampleThreshold 1.5     /GrayImageFilter /DCTEncode     /ColorConversionStrategy /sRGB     /CalGrayProfile ()     /ColorImageResolution 150     /UsePrologue false     /MonoImageResolution 600     /ColorImageDepth -1     /sRGBProfile (sRGB IEC61966-2.1)     /PreserveOverprintSettings true     /CompatibilityLevel 1.2     /UCRandBGInfo /Preserve     /EmitDSCWarnings false     /CreateJobTicket false     /DownsampleMonoImages true     /DownsampleColorImages true     /MonoImageDict << /K -1 >>     /ColorImageDownsampleType /Bicubic     /GrayImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)     /ParseDSCComments false     /PreserveEPSInfo false     /MonoImageDepth -1     /AutoFilterGrayImages true     /SubsetFonts false     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>     /ColorImageFilter /DCTEncode     /AutoRotatePages /None     /PreserveCopyPage true     /EncodeMonoImages true     /ASCII85EncodePages false     /PreserveOPIComments false     /NeverEmbed [ ]     /ColorImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>     /AntiAliasGrayImages false     /GrayImageDepth -1     /CannotEmbedFontPolicy /Warning     /EndPage -1     /TransferFunctionInfo /Apply     /CalRGBProfile (sRGB IEC61966-2.1)     /EncodeColorImages true     /EncodeGrayImages true     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>     /Optimize true     /ParseDSCCommentsForDocInfo false     /GrayImageDownsampleThreshold 1.5     /MonoImageDownsampleThreshold 1.5     /AutoPositionEPSFiles false     /GrayImageResolution 150     /AutoFilterColorImages true     /AlwaysEmbed [ ]     /ImageMemory 524288     /OPM 1     /DefaultRenderingIntent /Default     /EmbedAllFonts true     /StartPage 1     /DownsampleGrayImages true     /AntiAliasColorImages false     /ConvertImagesToIndexed true     /PreserveHalftoneInfo true     /CompressPages true     /Binding /Left>> setdistillerparams<<     /PageSize [ 576.0 792.0 ]     /HWResolution [ 600 600 ]>> setpagedevice



T. Suzuki et al.: Development of a safe guidewire 65

plied in a straight line to form a single guidewire (here-
after multi-ply).

The subjects were 100 patients believed to require
central venous catheterization. The substance of this
research was explained beforehand to the subjects, and
their informed consent was obtained. The patients were
then divided into two groups. Group A was the conven-
tional guidewire group (n = 50); and group B was the
improved guidewire group (n = 50).

After performing intubation under general anesthe-
sia, the neck was tilted approximately 30° to the left,
and the patient was placed in a Trendelburg position.
Afterward, puncture of the right internal jugular vein
was attempted using a 22-gauge Safe Guide. After ob-
taining flashback, the guidewire was inserted through
the side hole. During this process, if there was resistance
when the 15-cm guide wire mark passed the yellow ring,
the guidewire only was withdrawn without removing
the puncture needle, and puncture was carried out
again. After inserting the guidewire 25–30cm from the
side hole, the Safe Guide needle was removed, leaving
the guidewire in place. Then a director was inserted.
Finally, the central venous catheter was inserted using
the guidewire. A comparative study was performed on
the following two matters: (1) frequency of locking and
(2) frequency of deformation of the guidewire tip when
observed with the naked eye.

With regard to statistical processing, a chi-squared
test was carried out, with a significance level of 5% or
less indicating a significant difference. Using an optical
microscope, we also performed a comparative study on
the morphological changes of the two groups after an
already used guidewire was bent 90°.

There were 7 of 50 (14%) cases in both groups A and
B where the guidewire could not be inserted properly
despite successful securing of the blood vessel. This is
thought to have been caused by the needlepoint stray-
ing outside the blood vessel during insertion of the
guidewire. The rate of locking in group A was 4 of 50

(8%) cases, which was more than half the number of
cases where the guidewire could not be inserted prop-
erly. Not one case of locking was seen in group B.
Bending of the guidewire tip (as seen by the naked eye)
occurred in all of the cases where insertion was difficult
in group A; however, this phenomenon was not seen in
group B (Table 1).

In Fig. 2, on the left, is an optical microscope image of
group A guidewires. Deformation of the coil in several
areas of the spring was detected in all seven of the
guidewires that could not be inserted into the blood
vessel. In the image on the right, not one guidewire in
group B had deformation in the coil, indicating that the
multi-ply guidewire is highly resistant to morphological
changes.

Figure 3 shows the relation between the morpho-
logical changes to the bent guidewire and the pun-
cture needle. The top row illustrates the changes to the
guidewire in both groups after they are bent at 90°. The
bottom row illustrates the morphological changes when
each of the guidewires is bent when joined to a puncture
needle. In both rows, group A is on the left and group B
on the right. The elastic limit of the group A guidewire
is easily exceeded when the guidewire is bent 90°. It
bends easily, and the gaps between the springs increase.

Group A

Conventional guide wire

Group B

Modified guide wire

Fig. 1. Structure of the guidewire. On the
left is a conventional guidewire; on the
right is an improved guidewire

Table 1. Results

Frequency of Frequency of
Group locking deformationa

A
(conventional 4/50 (8%)* 0/50
guidewire) 4/7 (72%)* 0/7

B
(modified 0/50 0/50
guidewire) 0/7 0/7

*P < 0.05 vs. group B
a Frequency of deformation of the guidewire tip when observed with
the naked eye
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On the other hand, the group B guide wire does not
bend easily, and it has a structure that makes it difficult
for gaps to arise between the springs. As can be clearly
seen in the photographs of the bottom row, the group A
guidewire with enlarged gaps between springs after
being bent can easily catch on the beveled part of the
puncture needle and cause locking, which is thought to
be the principal cause of guidewire trouble. According
to the report by Domino et al. [9] there have been
close to 20 reported cases of lawsuits stemming from
guidewire mishaps.

Based on the results of our experiment, the main
cause of locking was the affinity between the beveled
surface of the metal needle and the guidewire. The
most common guidewires contain a stainless steel core
wound with a spring made of the same material and so
have the flexibility characteristic of guidewires [10].
However, when they are bent to an extreme angle, the
elastic limit of the metal is exceeded, enabling gaps to
appear between the springs, which then catch on the
beveled surface, causing locking.

The rate of locking when inserting conventional
guidewires using a metal needle is more than half the
number of cases where guidewire insertion is difficult.
The principal cause of this problem is thought to be that
the guidewire has become bent in the subcutaneous
tissue outside the blood vessel and catches on the bev-
eled part of the metal needle, causing locking. Fur-
thermore, it has also been found that by forcefully
withdrawing the guidewire while it is in a locked state
there is a risk that the springs can break, causing the
guidewire to remain in the body. When the guidewire
becomes locked, it is necessary to remove the puncture
needle and guidewire together and perform another
puncture, resulting in the need for multiple placement
of the device and increasing the risk of complications
such as arterial misplacement or pneumothorax.

To minimize the risk of locking, the improved device
we are currently developing has a special structure that
makes it difficult for gaps in the springs to develop, so it
has an advantage that even in cases where it is difficult
to insert the guidewire it is not necessary to remove the
entire device. One must only retract the guidewire tem-
porarily, and the guidewire can then be safely reinserted
after finely adjusting the needle point.

In summary, by using the improved guidewire, it is
possible to decrease the risk of complications develop-

Deformation of coiled region

7/7 (100%)

No deformation of the coiled region

0/7 (0%)

Group A

Lengthways guide wire

Group B

Multi-ply guide wire

Fig. 2. Morphological changes in
guidewires wound lengthways and multi-
ply guidewires

Group A

Lengthways  guide wire

Group B

Multi-ply guide wire

The spring gaps widen

Fig. 3. Relation between the morphological changes in a bent
guidewire and a puncture needle. The group A guidewire is
easily bent, and the gaps between the springs increase. In
contrast, the group B guidewire is difficult to bend, and the
gap between the springs is small. The group A guidewire, with
its expanded gaps between springs after being bent, can easily
catch on the beveled portion of the puncture needle. Hence,
there is a possibility that a spring may break
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ing from locking or breakage compared to conventional
guidewires. It also has the advantage of canceling out
the need for multiple puncturing to reinsert the entire
device. This improved guidewire technology is not
restricted to Safe Guide but can be utilized for all
guidewires that must pass through the lumen of metal
needles.
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