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ABSTRACT This study was undertaken to determine the prevalence of upper extremity arterial
compression and ¢o compare clinical and photoplethysmographic (PPG) assessment of pulse oblitera-
tion in 145 asymptomatic individuals. There were 81 males and 64 females who were clinically well
and in full employment. All were studied on a voluntary basis by one examiner. They included
hospital staff (29), word processor operators (12), railway workers (43), computer programmers (32),
panel beaters (5) and a miscellaneous group (24). Forty-six {32%} of the 145 individuals showed
reproducible obliteration of their radial pulse with postural change. Bilateral compression was
present in 17%. Arterial compression was most frequently provoked using a “stick up” position in
which the forearms are elevated with the elbows held by the sides and the shoulders forced back.
Adson’s test was the least useful way to demonstrate arterial compression. There was no significant
sex or occupational difference demonstrated. PPG was positive in 49 (34%) of 145 individuals,
Twenty-two of these did not have pulse loss detected clinically. Twenty individuals, with clinical
pulse aobliteration, did not have a positive PPG. Arterial compression at the thoracic outlet can be
provoked in over 30% of otherwise normal individuals. There is considerable averlap between
clinical and PPG detection of arterial compression and the test should therefare be interpreted with

caution.

Introduction

Arterial complications from neurovascular com-
pression at the thoracic outlet are rare although the
relationship between cervical rib, subclavian aneu-
rysm and thromboembolic phenomenon in the upper
extremity has been known for many years.! Roos?
draws a clear distinction between arterial compression
noted incidentally in a normal population and symp-
tomatic neurovascular compression associated with
thoracic outlet syndromes. In an extensive clinical
experience, almost 99% of patients with thoracic
outlet syndrome had neurological symptoms mostly
resulting from anomalous fibrous bands compressing
the lower brachial plexus. The thoracic bony structure
was usually normal 2 Other authors, in smaller series,
have reported a higher prevalence of arterial complica-
tions ranging from 5%? to over 20% in some European
centers.*’ In these reports, arterial complications have
usually occurred with some skeletal abnormality,
most commonly the presence of a cervical rib, al-
though arterial complications have been encountered
in patients with a radiologically normal bony thorax.45
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Permanent arterial damage has not been associated
with positional arterial compression found inciden-
tally in otherwise normal adults.®* However, arterial
damage may take many years to develop. Patients
with arterial complications of thoracic outlet syn-
drome are usually older than those encountered with
only neurological symptoms.? We are unaware of any
long term study of positional arterial compression
which would confirm its benign nature.

Photoplethysmography (PPG) has been recom-
mended as a way todetect arterial compression.*” PPG
may be a useful way to screen for arterial compression
as it is simpler to perform than other forms of upper
extremity pulse detection.? This study was under-
taken to determine the prevalence of upper extremity
arterial compression in asymptomatic volun-
teers and to compare clinical and photoplethysmogra-
phic (PPG) detection of pulse obliteration.

Materials and Methods

The prevalence of arterial compression was deter-
mined in 145 asymptomatic individuals who were clin-
ically well and in full employment. There were 81
males and 64 females with a mean age of 29 years
(range 16 to 64 years). They included hospital staff
(29), word processor operators (12), railway workers
(43), computer programmers (32), panel beaters (5)
and a miscellaneous group (24). Information was
sought about each individual’s age, sex, hand domi-
nance and occupation.
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Blood pressure was recorded in both arms. Arterial
compression was considered present if reproducible
radial pulse obliteration was detected during the fol-
lowing postural changes: (1) Hyperabduction of the
arms, with the shoulders in full external rotation, to
90° and then 180°, (2) A “stick up” position where the
hands were held up with the elbows drawn into the
sides and the shoulders forced posteriorly (Figure 1).
(3) Standing in an exaggerated military posture with
the shoulders drawn backward and downwards. (4)
The Adson maneuver where the neck is extended
with the head turned towards the side being tested.?
Each individual was encouraged to make a maximal
effort during each provocative maneuver.

The postural changes were repeated using photo-
plethysmography to detect pulse loss. Photopulse sen-
sors were applied to the index fingers with transpar-
ent double-sided adhesive tape and then connected to
a photopulse adaptort. Recordings were made using a
two channel recorder. The photoplethysmograph was
calibrated with a photoplethysmographic reference
standard.}} The PPG was considered positive only if
there was complete loss of arterial pulsation.

Figure 1

The “stick-up” position with the forearms elevated, the elbows held by the
sides and the shoulders forced back.
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Results

Forty-six (32%) of. the 145 individuals showed
reproducible obliteration of their radial pulse detected
clinically in at least one position (Table I). The “stick
up” position was the most frequently positive test
(23%) and Adson’s the least (29%) (Table II). Bilateral
compression was detected clinically in 24 (17%) of the
145 individuals in at least one position (Table III}.
There was no significant blood pressure difference at
rest between the upper extremities of any individual
studied.

PPG was positive in 49 (34%) of the 145 individuals
tested (Table I). The PPG was positive most fre-
quently with the “stick up” position (21%) (Table IV).

Leftarm Right arm Bilateral Total
Clinical 15 7 24 46
PPG 22 8 19 49

Table I

Clinical and PPG detection of pulse obliteration in at least one position.

Posture
Rest 90° 180° SU Military Adson
Males o] 5 8 23 6 3
Females o] 5 9 10 3 0
Total 0 10 17 33 9 3
Table I

Clinical determinafion of arterial compression in 145 individuals. They
were examined af vest, with the arms abducted to 90° then 180°, ina
“stick up” position (SLL), standing in an exaggerated military posture and
using the Adson maneuwver. Clinical findings were positive in 46 (32%)
in af least one position. The resulls for each position and sex distribution
are shown.

Posture
Rest 90° 180° SU Military Adson
Left Q 3 5 14 2 1
Right 0 5 5 4 2 2
Bilateral 0 4 14 30 10 0
Total limbs 0 12 24 48 14 3
Table I

Bilateral compression was detected clinically in 24 (17%) of the 145
individuals in af least one position. The table shows the relationship of all
positions and clinical defection of pulse obliteration in 290 limbs
examined.

Posture
Rest 90° 180° SU Military Adson
Males 0 4 7 21 2 11
Females o 1 2 9 4 3
Total 0 5 g 30 6 14
Table IV

Photoplethysmographic (PPG) determination of arierial compression.
PPG was positive in 49 {34%)in at least one position. The results for each
position and sex distribution are shown.
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Bilateral compression was detected by PPG in 19 |

(13%) of the 145 individuals in at least one position
(Table V). '

There was poor correlation between clinical detec-
tion of pulse obliteration and PPG (Table VI). Thirty-
five limbs (51%) of the 68 limbs with a positive PPG
were clinically without pulse loss. Clinical pulse oblit-
eration was observed in 71 limbs, 38 (54%) of which
did not have a positive PPG (Table VI).

Although 74% of the 145 individuals studied used
their right hand for some activities, 93% wrote with
their right hand. Pulse obliteration was more com-
monly demonstrated in the left arm (Table I). How-
ever no statistically significant relationship was dem-
onstrated between hand dominance and arterial pulse
obliteration. Neither was any statistically significant
relationship demonstrated between sex, occupation or
age and arterial compression {Chi-squared analysis,
p> 0.05).

Discussion

This study confirms that upper extremity arterial
compression is common in individuals without symp-
toms of thoracic outlet neurovascular compression.
The prevalence of 32% in a heterogeneous group of
young adults is lower than that observed by others.

Posture
Rest 90° 180° SU Military Adson
Left 0 3 6 12 2 5
Right 0 2 2 4 3 6
Bilateral 0 o 2 26 4 4
Total limbs 0 5 10 42 9 15
Table V

Bilateral compression was defected by PPG in 19 (13%) of the 145
individuals in at least one position. The table shows the relationship of all
positions and PPG defection of pulse obliteration in 290 limbs examined.

Photoplethysmography
Positive Negative  Total
Positive 33 38 71
" Clinical
Negative 35 184 219
Testing
Total 68 222 290
Sensitivity = 33/68 = 49%
Selectivity = 184/222 = 83%

Positive predictive value 33/{71 = 46%
Negative predictive value = 184/219 = 84%

Table VI

Comparison of clinical findings and PPG for 290 limbs in 145 indi-
viduals tested.
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The difference may be due to the variable prevalence
in the populations studied and the effort made to
obliterate the pulse. In 1945, Wright!® published a
study of 150 healthy male military recruits showing
that with hyperabduction of the arm, pulse oblitera-
tion could be produced in about 60% of the recruits. If
the arm and shoulder were then forced posteriorly the
prevalence increased to over 80%. Telford and Mot-
tershead studied 120 medical students.! They ob-
served pulse obliteration in about 50% with abduction
of the arm but with forced hyperabduction this
increased to 90%. Other authors2 have shown sim-
ilar changes in smaller studies.

Because arterial compression is common in asymp-
tomatic individuals, we agree with other authors26
that detection of arterial compression, either clinically
or by PPG, is not diagnostic of thoracic outlet syn-
drome. However detection of arterial compression
complements clinical® and electrophysiological® diag-
nosis of thoracic outlet syndrome in patients with a
suspected arterial basis for their symptoms. Symp-
toms due to arterial compression may be extremely
difficult to differentiate from symptoms due to neural
compression and limb loss can result if all parasthesiae
are assumed to be neurological and arterial pathology
is overlooked.

This study has also shown a poor. correlation
between clinical and PPG detection of arterial pulse
loss. In one of the few studies of PPG and arterial
compression Gergoudis and Barnes® found a preva-
lence of 60% in a study of 130 unspecified normal
individuals, using a greater than 75% reduction in
PPG amplitude as the criteria for an abnormal PPG.
The prevalence was 12% when the PPG was con-
sidered positive with complete loss of pulsation. We
have found considerable variability in PPG amplitude
despite attempts to standardize PPG recordings. For
this reason, we chose complete loss of arterial pulsa-
tion as a better end-point to classify PPG changes with
posture. Using this criteria, the prevalence of 35% in
this study was higher than the 12% established by
Gergoudis and Barnes.® The difference may be attrib-
uted to the use of the “stick up” position as the preva-
lence in our study would have been only 21% if the
position had not been used. We have found the “stick
up” position to be a simple way to test for arterial
compression. Most patients can readily adopt it and
the radial pulse is easier to feel than it is when the arm
is hyperabducted.

The finding of clinical pulse loss without a positive
PPG, which occurred in 38 limbs tested {Table VI),
may be explained in part by hemodynamic changes
that occur as the arm is elevated to the hyperabducted
position. Arterial pressure at the wrist de-
creases'®® and the pulse may therefore be difficult to
feel even though there is sufficient pulsatile flow for a
normal PPG recording. In 35 limbs, the pulse was
thought present on clinical examination even though
the PPG recording in the same position was abnormal
(Table VI). This discrepancy may be due to observer
error or relate to the difficulty of palpating the pulse in
the hyperabducted position.
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Using either clinical or PPG criteria of arterial com-
pression, no significant difference in prevalence was
demonstrated on the basis of sex, occupation, hand
dominance or age.

Conclusions

There is wide variation in the reported incidence of
arterial compression in asymptomatic individuals. The
long term significance of arterial compression is
unknown but is considered benign. No relationship
between arterial compression and sex, occupation,
hand dominance or age was found. Adson’s test was
the least useful way to demonstrate arterial compres-
sion. However, a “stick up” position was an effective
posture to test for arterial compression. PPG and clini-
cal findings of arterial compression should be inter-
preted with caution as there is considerable overlap
between clinical and PPG detection of arterial com-
pression. The tests are not diagnostic of thoracic
outlet syndrome.

References

1Wickham, JEA, Martin, P. Aneurysm of the subclavian artery
in association with cervical abnormality. Brit | Surg 50:205-209,
1963.
2Roos, DB. Congenital anomalies associated with thoracic
outlet syndrome: Anatomy, symptoms, diagnosis, and treatment.
_Amer ] Surg 132:771-778, 1976.

ASSESSMENT OF THORACIC OUTLET COMPRESSION—HARRIS ET AL

23

3Dale, WA, Lewis, MR. Management of thoracic outlet syn-
drome. Ann Surg 181:575-85, 1975.

4Parry, E. The thoracic outlet compression syndrome. Aust NZ]
Surg 51:84-91, 1981, )

sKieffer, E. Arterial complications of thoracic outlet syndrome.
In Bergan, J] & Yao, JST (Eds). Evaluation and treatment of upper

"and lower extremity circulatory disorders. Grune and StrattonInc,

Orlando, Florida pp 249-275, 1984.
eGergoudis, R, Barnes, RW. Thoracic outlet arterial compres-
sion: Prevalence in normal persons. Angiology 31:538-541, 1980.
"Rush, MP, McNally, DM, Rossman, ME, Otis, 5. Noninvasive
vascular diagnosis of thoracic outlet syndrome. Bruit 7:56-59,
1983,
8Roos, DB. Plethysmography: A simple method of studying and
following peripheral vascular disorders. Surg Clin N Amer 49:1333-
1342, 1969.
¢Adson, AW. Surgical treatment for symptoms produced by
cervical ribs and the scalenus anticus muscle. Surg Gynecol Obstet
85:687-700, 1947.
10Wright, IS. The neurovascular syndrome produced by hyper-
abduction of the arms. Amer Heart ] 29:1-19, 1945.
uTelford, ED, Mottershead, S. Pressure at the cervico-brachial
junction: An operative and anatomical study. | Bone & Joint Surg
30B:249-261, 1948.
12Gilroy, ], Meyer, JS. Compression of the subclavian artery as a
cause of ischaemic brachial neuropathy. Brain 86:733-742, 1963.
13Machleder, HI, Moll, F, Nuwer, M, Jordan, 5. Somatosensory
evoked potentials in the assessment of thoracic outlet compression
syndrome. ] Vasc Surg 6:177-184, 1987.
14Judy, KL, Heymann, RL. Vascular complications of thoracic
outlet syndrome. Amer | Surg 123:521-531, 1972.
15Strandness, DE & Sumner, DS. Haemodynamics for Sur-
geons, Grune & Stratton, New York 1975.
1Holling, HE, Verel, D. Circulation of the elevated forearm. Clin
Sci 16:197-213, 1957.



