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Introduction. The catheter “pinch-off syndrome” has been described to be secondary to crimping of the catheter between the clavicle
and the first rib, as well as entrapment of the catheter at the site of penetration of the subclavius muscle. The lateral insertion
technique has been recommended to prevent catheter pinch-off, but it is unknown if this technique can prevent entrapment by the
subclavius muscle. We undertook this study to evaluate the anatomical relationship of the subclavius muscle and the subclavian
vein. Methods. Twenty-eight adult cadavers were studied on both right and left sides. The adherence between the subclavian vein
and subclavius muscle was subjectively assessed and the distance between the two structures was measured in mm. Results. The
subclavius muscle and subclavian vein were tightly adherent in 72% of specimens, partly adherent in 14% with a mean distance
of 4.5mm and loosely connected in 14% with a mean distance of 6.1 mm. Conclusions. The anatomical relationship between the
subclavius muscle and vein was very close in the majority of specimens, suggesting that the lateral insertion technique may not
prevent penetration of the muscle, which may contribute to catheter pinch-off. The real-time ultrasound-guided technique may

prevent penetration of the subclavius muscle.

1. Introduction

Catheter compression by the clavicle and the first rib at the
narrow costoclavicular space has been referred to as the
“pinch-off syndrome” [1, 2]. Catheter pinch-oft may cause
resistance during infusion of intravenous fluid, difficulty
drawing blood samples, or catheter fracture. Lateral insertion
of the catheter into the subclavian vein is recommended to
avoid catheter pinch-off, where the needle penetrates the
vein in the wider space between the clavicle and the first rib
avoiding occlusion of the catheter by bony structures [1].

In 1993, Magney et al. hypothesized that entrapment
of the catheter by soft tissues, namely, the costoclavicu-
lar ligament and subclavius muscle, is another mechanism
leading to catheter pinch-oft [3]. Krutchen et al. revealed
that entrapment by the subclavius muscle caused subclavian
venous catheter crimping similar to the pinch-oft syndrome
(POS) without involving the bony structures [4]. Several

investigators have recommended lateral insertion of the
catheter to prevent the POS [5-9]. However catheter fracture
has still been reported [10, 11].

We undertook this study to quantitatively evaluate the
anatomical relationship between the subclavius muscle and
the subclavian vein with regard to soft tissue entrapment. The
goal is to determine whether subclavian vein catheterization
can be performed without penetrating the subclavius muscle
using the lateral insertion technique.

2. Materials and Methods

In this study, 56 veins in 28 adult Japanese cadavers (11 male
cadavers, age 82-94, and 17 female cadavers, age 76-99) were
used. All donors agreed to donate their bodies for medical
education and research use by their living will. This study was
approved by the medical ethics committee.
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FIGURE 1: Anatomical relationship of the subclavian vein and the subclavian muscle. (a) Connected group. The subclavian vein (V) is tightly
adherent to the subclavius muscle (SM) via the clavipectoral fascia. (b) Partly connected group. The lateral part of the subclavius muscle is
not adherent to the subclavian vein (arrow). (c) Unconnected group. The subclavian vein is completely separate from the subclavius muscle
(arrowhead), both laterally and medially. The space between the muscle and vein contains loose connective tissue composed of sparse fibers
and adipocytes. PMa: pectoralis major (transected), PMi: pectoralis minor (turned over).

2.1. Anatomical Dissection. The skin and the subcutaneous
tissue were dissected to identify the pectoralis major muscle,
and the muscle was transected at its origin and reflected to
expose the pectoralis minor muscle. The clavipectoral fascia
(also known as the costocoracoid membrane or coracoclav-
icular fascia), which covers the area between the pectoralis
minor muscle and the subclavius muscle, was then identified.
The pectoralis minor muscle was transected at its origin to
reveal the brachial plexus, the axillary artery, and the axillary
vein. These structures were exposed by careful dissection,
and the clavipectoral fascia was examined to determine the
degree of connectivity between the subclavian vein and the
clavipectoral fascia. Only loose adipocytes were removed
and the tight connective tissue remained intact. The first
author (Kyutaro Kawagishi) performed the procedures in all
cadavers.

2.2. Measurements. The distance between the subclavian vein
and the clavipectoral fascia was measured manually in the
same manner in all specimens.

2.3. Statistical Analysis. The measured distances between the
subclavian vein and the subclavius muscle in each group
were compared and characterized with the Kruskal-Wallis
test and Bonferroni correction. Laterality of the connectivity
between the subclavian vein and the subclavius muscle was
evaluated with Chi-square analysis. The distance between
the subclavian vein and the subclavius muscle was analyzed
with the Mann-Whitney U test. Laterality of the connectivity
as well as the distance in cadavers’ gender was compared
using Chi-square analysis and the Mann-Whitney U test,
respectively.

3. Results

Figure 1 shows examples of three levels of connectivity
between the subclavian vein and subclavius muscle via the

clavipectoral fascia, which was divided into three categories,
including the connected group (Figure 1(a)), the partly
connected group (Figure 1(b)), and the unconnected group
(Figure 1(c)).

In the connected group, the subclavian vein was tightly
adherent to the subclavius muscle via the clavipectoral fascia
(Figure 1(a)) and was seen in 40/56 specimens (72%). In the
partly connected group, a tight connection to the clavipec-
toral fascia was limited to the medial part of the subclavian
vein and the lateral part is loosely covered by sparse fibers
with space-occupying adipose tissue (Figure 1(b)), which
was observed in 8 veins (14%). The distance between the
subclavian vein and the clavipectoral fascia in the partially
unconnected specimens ranged from 2 to 8 mm (mean
4.5mm). The unconnected group was loosely covered by
the adipose tissues with sparse fibers, which easily removed
(Figure 1(c)). This was observed in 8 veins (14%), and the
distances ranged from 3 to 10 mm (mean 6.1 mm).

There was no correlation between the degree of connec-
tion between the vein and muscle based on gender (p > 0.05).
Figure 2 shows the correlation between the distances between
the subclavian vein and the subclavius muscle in each group
on each side. There was no significant difference in the degree
of connectivity based on the side (right versus left) in the
specimens evaluated for either the subjective determination
of connectivity or the measured connectivity, in mm (p >
0.05).

4. Discussion

Based on these results, we determined that the subclavius
muscle and subclavian vein are closely adherent in the vast
majority of specimens evaluated, with 86% having tightly
or partly connected veins and muscles. The anatomical
landmark technique of subclavian venipuncture is usually
performed, where “the needle is passed beneath the clavicle,
with the needle hugging the inferior surface of the clavicle
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FIGURE 2: Distance between the subclavius muscle and the subcla-
vian vein in each group on the right and left sides. A significant
difference was found comparing the distance from the subclavius
muscle to the subclavian vein among the three groups based on
the subjective classification. C: tightly connected group, P: partly
connected group, and U: unconnected group.

[12].” Based on that popular technique, prevention of pene-
tration of the subclavius muscle during the venipuncture is
difficult, because of the close anatomical relationship of the
vein and muscle in the majority of specimens, as observed in
this study.

Magney et al. recommend using the operator’s thumb
pressing the skin to make a deeper puncture point and a
shallower angle for the needle [13]. This technique is likely to
allow the catheter to avoid penetrating the subclavius muscle,
if the subclavian vein is far from the subclavius muscle. To
prevent the POS, the skin puncture site for the catheter using
the usual landmark technique has been modified to be lateral
to the midclavicular line [10]. This modification achieves
a shallower needle-insertion angle but might not prevent
penetration of the subclavian muscle, since the vein and the
muscle are so closely adherent in a majority of specimens.

One possible limitation of this study is a difference in
the extent of connectivity comparing a live patient and a
cadaver. However, the adherence may in fact be less in
a cadaver than in the living state with distension due to
circulation, which would make the subclavian vein and the
subclavius muscle even more adherent in the live human. One
unexplained finding in this study was the variability observed
in the fibrous tissue between the subclavius muscle and the
subclavian vein.

The subclavius muscle is not a strong tissue compared
to the costoclavicular ligament, which is present at the
narrow costoclavicular space composed of the clavicle and
first rib. The costoclavicular ligament is thought to have an
additional role in the development of POS to entrap the
catheter between the bony structures. The fascia covering the
subclavius muscle is known as the clavipectoral fascia. This
is a tight fascia situated between the pectoralis minor muscle
and the subclavius muscle, which covers the axillary vessels

F1IGURE 3: Ultrasound view of the subclavius muscle. SM: subclavius
muscle, C: clavicle, V: subclavian vein and/or infraclavicular axillary
vein, RI: first rib, R2: second rib, and L: lung.

and nerves. Traced upward, it splits to enclose the subclavius
muscle and is also attached to the first rib medial to the origin
of the subclavius muscle. Laterally, the clavipectoral fascia is
thick and dense and is attached to the coracoid process. The
portion extending from the first rib to the coracoid process
is often denser than the rest and is sometimes called the
costocoracoid ligament. With those anatomical definitions, it
may be inferred that the anatomical cause of entrapment of
a subclavian vein catheter might not be due to the subclavius
muscle itself, but by the clavipectoral fascia.

Recently, ultrasound guidance [14-18] for central
venipuncture has been recommended based on its clinical
efficacy. The use of real-time ultrasound-guided catheter
insertion may avoid penetration of the subclavius muscle,
although further study is needed (Figure 3).

5. Conclusions

We conclude that use of the lateral insertion technique for
subclavian venous catheterization using the anatomical land-
mark technique may make it difficult to avoid penetration of
the subclavius muscle by the needle. The authors recommend
use of real-time ultrasound guidance to avoid penetration
of the subclavius muscle during vein catheterization based
on clinical experience, which may help avoid the problem of
catheter fracture due to entrapment. However, further studies
are needed to evaluate the utility of ultrasound guidance to
avoid penetration of the subclavius muscle.

Conflict of Interests

The authors declare that there is no conflict of interests to
report.



Acknowledgment

The authors would like to express their gratitude and deep
reverence to the donors for the research.

References

(1]

(2]

D. R. Aitken and J. P. Minton, “The ‘pinch-off sign’: a warning of
impending problems with permanent subclavian catheters,” The
American Journal of Surgery, vol. 148, no. 5, pp. 633-636, 1984.
D. H. Hinke, D. A. Zandt-Stastny, L. R. Gooodman, E. J.
Quebbeman, E. A. Krzywda, and D. A. Andris, “Pinch-off
syndrome: a complication of implantable subclavian venous
access devices,” Radiology, vol. 177, no. 2, pp. 353-356, 1990.

J. E. Magney, D. M. Flynn, J. A. Parsons et al., “Anatomical
mechanisms explaining damage to pacemaker leads, defibril-
lator leads, and failure of central venous catheters adjacent to
the sternoclavicular joint,” Pacing and Clinical Electrophysiology,
vol. 16, no. 3, part 1, pp. 445-457,1993.

A.E. Krutchen, H. Bjarnason, D. J. Stackhouse, G. K. Nazarian,
J. E. Magney, and D. W. Hunter, “The mechanisms of positional
dysfunction of subclavian venous catheters,” Radiology, vol. 200,
no. 1, pp. 159-163, 1996.

T. Franey, L. C. DeMarco, A. C. Geiss, and R. J. Ward, “Catheter
fracture and embolization in a totally implanted venous access
catheter,” Journal of Parenteral and Enteral Nutrition, vol. 12, no.
5, pp. 528-530, 1988.

C. S. Nace and R. J. Ingle, “Central venous catheter ‘pinch-off’
and fracture: a review of two under-recognized complications,”
Oncology Nursing Forum, vol. 20, no. 8, pp. 1227-1236, 1993.

D. A. Andris, E. A. Krzywda, W. Schulte, R. Ausman, and E. J.
Quebbeman, “Pinch-off syndrome: a rare etiology for central
venous catheter occlusion,” Journal of Parenteral ¢ Enteral
Nutrition, vol. 18, no. 6, pp- 531-533,1994.

C. Ballarini, M. Intra, A. Pisani Ceretti et al., “Complications
of subcutaneous infusion port in the general oncology popula-
tion,” Oncology, vol. 56, no. 2, pp. 97-102, 1999.

J. C. de Graaff, L. J. Bras, and J. A. Vos, “Early transection of a
central venous catheter in a sedated ICU patient,” British Journal
of Anaesthesia, vol. 97, no. 6, pp. 832-834, 2006.

M. O. Jensen, “Anatomical basis of central venous catheter
fracture,” Clinical Anatomy, vol. 21, no. 2, pp. 106-110, 2008.

M. El Hammoumi, M. El Ouazni, A. Arsalane, F. El Oueriachi,
H. Mansouri, and E. H. Kabiri, “Incidents and complications
of permanent venous central access systems: a series of 1,460
cases,” Korean Journal of Thoracic and Cardiovascular Surgery,
vol. 47, no. 2, pp- 117-123, 2014.

D. C. McGee and M. K. Gould, “Preventing complications of
central venous catheterization,” The New England Journal of
Medicine, vol. 348, no. 12, pp. 1123-1133, 2003.

J. E. Magney, D. H. Staplin, D. M. Flynn, and D. W. Hunter,
“A new approach to percutaneous subclavian venipuncture to
avoid lead fracture or central venous catheter occlusion,” Pacing
and Clinical Electrophysiology, vol. 16, no. 11, pp. 2133-2142,1993.
S. Galloway and A. Bodenham, “Ultrasound imaging of the
axillary vein—anatomical basis for central venous access,
British Journal of Anaesthesia, vol. 90, no. 5, pp. 589-595, 2003.
A. Sharma, A. R. Bodenham, and A. Mallick, “Ultrasound-
guided infraclavicular axillary vein cannulation for central
venous access,” British Journal of Anaesthesia, vol. 93, no. 2, pp.
188-192, 2004.

(16]

(17]

(18]

Anesthesiology Research and Practice

S. Meola and D. Galante, “The use of ultrasound guidance to
avoid the pinch-oft syndrome,” Paediatric Anaesthesia, vol. 19,
no. 6, p. 631, 2009.

H. Osawa, J. Hasegawa, K. Yamakawa et al., “Ultrasound-guided
infraclavicular axillary vein puncture is effective to avoid pinch-
off syndrome: a long-term follow-up study;,” Surgery Today, vol.
43, no. 7, pp. 745-750, 2013.

A. Tamura, M. Sone, S. Ehara et al,, “Is ultrasound-guided
central venous port placement effective to avoid pinch-off

syndrome?” Journal of Vascular Access, vol. 15, no. 4, pp. 311-316,
2014.



MEDIATORS
INFLAMMATION

The Scientific Gastroenterology Fi o Journal of
World Journal Research and Practice Diabetes Research

Journal of International Journal of

Immunology Research Endocrinology

Hindawi

Submit your manuscripts at
http://www.hindawi.com

BioMed
Research International

PPAR Research

Journal of
Obesity

AL
@

Evidence-Based b ‘
Stem Ce' |S Complementary and - 4 < 3 = Journal of
International Alternative Medicine & Oncology

oot oume 014

Journal of

Ophthalmology

Parkinson’s
Disease

. <
l-r/

e .

: o .
Ly,

| i

Behavioural Oxidative Medicine and

Neu I’O|Ogy Research and Treatment Cellular Longevity

Computational and
Mathematical Methods
in Medicine




