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Complications of Percutaneous Radial-artery
Cannulation:
An Objective Prospeclive Study in Man

Robert F. Bedford, M.D.,* and Harry Wollman, M.D.t

One hundred and five percut:meous radial-ar-
tery lations were p ively died in
100 patients. The patients were examined daily
for complications, utilizing physical examination
and Doppler flow measurements. Forty of the
105 cannulations (38 per cent) resulted in radial-
artery thrombosis. Arterial occlusion occurred in
25 per cent of 43 vessels cannulated for Iess than
20 hours, in 50 per cent of 40 cannulations lasting
20 to 40 hours, and in 41 per cent of 22 cannula-
tions lasting 40 to 144 hours. Radial arterial
pulses, produced by retrograde ulnar-artery flow,
were palpable distal to 73 per cent of the radial-
artery thrombi, and Doppler flow signals were
audible distal to 90 per cent of the thrombi.

Arterial occlusion was found at the time of de-
cannulation in only 42.5 per cent of those vessels
which eventually thrombosed. An additional 30
per cent of the total number of thrombi developed
within 24 hours of decannulation. Hoswever, 27.5
per cent first occurred later than one day after
decannulation. All of the 20 thrombosed vessels
which were followed during retumn visits recanal-
ized. The longest time taken for recanalization
was 75 days. No major ischemic complication
was observed in any patient, despite the high
incid of y th bosi: Histologi
specimens from three cannulated radial arteries
were obtamed at subsequent postmortem exami-
of these specimens
picture with the
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SEVERAL sTuDIES have shown the increasingly
common procedure of percutaneous radial-ar-
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tery cannulation to be relatively free of major
complications. Thrombosis of the radial ar-
tery has been reported to have a 0-60 per cent:
incidence,*-* and necrosis of the skin over the§
tip of the cannula occurs in 0.45 per cent of3'
the cases.®> Hematoma formation and ecchy-
mosis follow approximately 50 per cent of°
radial-artery cannulations.* Isolated compllca-m
tions, such as peripheral embolization,5 ¢ Osler*'I>
node formation,” and discomfort in the h:md=r
related to positioning,® have also been red:
ported. g
This prospective study is the first to ex-5
amine radial-artery function daily for at least=:
ten days following prolonged percutaneousm
cannulation, and to utilize both physical ex-&
amination and Doppler flow measurements.g
Perhaps for these reasons, we observed an in-&
cidence of radial-artery thrombosis consxdemv
ably higher than those reported in most pre-m
vious studies.

Material and Methods

One hundred and five consecutive rad.ial-ar-g
tery cannulations were studied in 100 patients&
undergoing general anesthesia for mrdmtho-m
racic or major vascular surgery, or neuro- \.
surgery. S

All patients were examined preoperatxvelyo
for patency of the ulnar artery by a modifica-3
tion of Allen’s test for arterial patency.® \Vlnleo
the patient made a tight fist, both radial andS
ulnar arteries were occluded with the hpsa
of the examiner’s fingers. The patient thenc-
opened his hand while the examiner releaseda
the pressure over the ulnar artery. Ulnnr-nr—m
tery patency was indicated by the 1mmedmteo
appearance of an erythematous blush over the_‘
entire palmar surface of the hand and fingers.2 >
Ulnar-artery filling was judged slow when 7 to3
15 seconds passed before the blush was nppar-
ent. Six radial arteries were cannulated despxteN
slow ulnar-artery filling. Since none of these
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Fic. 1. Postmoertem specimen of a
which develo; after 28 hours of
site of arteri:

signals over this area.

patients developed radial-artery thrombosis fol-
lowing decannulation, no data concemning the
safety of radial-artery puncture in the pres-
ence of an equivocal Allen’s test were ob-
tained. When the hand remained blanched for
longer than 15 seconds, ulnar flow was judged
inadequate and radial cannulation was not
done in that extremity.

Percutaneous radial-artery cannulation was
performed with the wrist dorsiflexed at a 60-
degree angle. The supinated hand and fore-
arm were affixed to an arm board and the
wrist dorsiflexed over a roll of tape or paper
towels. The radial artery was palpated for a
3-inch distance proximal to the base of the
thumb and a line drawn over the artery with
a skin-marking pen. Following preparation of
the skin with jodine and alcohol, a cutaneous
wheal of 1 per cent lidocaine was made. The
cannula § was inserted through the wheal and
advanced subcutaneously along the course of
the radial arterv at a 10-15 degree angle to
the surface of the skin. A free spurt of bright
red blood indicated entry into the vessel
With the stylet held fixed, the cannula was
advanced up the arterial lumen for approxi-
mately 4 cm. The stylet was then withdrawn
and the cannula firmly connected to flexible
tubing leading to a strain gauge.

Occasionally the cannula and stylet would
pierce the posterior wall of the vessel. When
this was suspected, the stylet was removed
and the cannula withdrawn until free flow of

t #18 or #20 Argyle Polypropylene catheters.

puncture where the cannula was located in the vessel lumen. The length of
arterial occlusion had been precisely determined

the

tem by the at of Doppler flow
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advanced without replacing the stylet. Pierc-2
ing the posterior wall of the vessel was scored §
as 1+ trauma. Two or more arterial punc-
tures with inability to advance the cannula2
successfully were tabulated as 2+, 3+, or 4+ 0@
trauma, depending on whether two, three, or 8
four attempts were necessary.

The skin over the volar surface of the wrist ©
and the arterial cannula itself were painted N
with tincture of benzoin. A dab of Neosporin— 3
bacitracin-neomyein ointment was applied to§

o1e/A
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degrees for the duration of the cannulation.

All arterial cannulae were flushed with
physiologic saline solution containing 2 units
of heparin per ml. Intermittent 5-ml injec-
tions of flush solution were made whenever
damping of the arterial trace was noted. In
some cases, a continuous slow infusion of 4 ml
of flush solution per hour from a Sage pump &
was used to keep the cannula patent. Total
volumes of heparin solution infused were re-
corded.

While the cannulae were in place, the ar-
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teries were examined for the presence of pulse
and adequate distal perfusion, evidence of ec-
chymosis or ervthema at the site of puncture
or at the cannula tip, local discomfort, and
signs of peripheral embolization.

After decannulation, radial-artery patency
was evaluated both by the modified Allen’s

¥20z Iudy 61 uo 3senb Aq j



R. F. BEDFORD AND H. \WWOLLMAN

Anesthesiology
v 38, No 3, Mar 1973

apeojumoq

Fic. 2. Radial-artery
thrombosis outlined by
Doppler meter examina-g
tion. Write-out of Dop-3
pler flow signals shows=
normal flow "at positiong
1, proximal to an area of %
arterial occlusion. Com-§
pression of the ulnar ar-Y)
tery by the examiner’sy,
finger does not changeZ
the Doppler signal (ar-Q
row A).

At position 2, over a2

ombus, virtually nog
flow is detectable. SmallS
pulsations indicate only<
movement of the vessel

Yo

walls transmitted fromQ
the non-occluded area. =

Distal to the occluded §

area (position 3), thereg’
is normal flow, indimﬁngg

a patent vessel, but the<
flow ceases when the ul-g
nar artery is occluded by 5

the examiner’s fingerg
(arrow B).

test,® as described above, and with a Doppler
Model 303 flowmeter (Parks Electronics), using
a flat probe with a 15-degree sensor angle.
Radial-artery occlusion was considered present
by Allen’s test when the patient’s hand re-
mained blanched longer than 15 seconds after
release of pressure over the radial artery. In
each case, this was confirmed by absence of
the Doppler flow signal along part of the
course of the radial artery.

No subsequent radial-artery puncture was
performed in any cannulated vessel. All radial
arteries were inspected at least five days a
week for the duration of the patient’s hospitali-
zation, and 20 of the 40 patients who devel-
oped radial-artery thrombi were followed on
an outpatient basis until radial-artery flow was
re-established.

Three patients who had had radial-artery
cannulation subsequently were examined post
mortem, and of these, two had clinical evidence
of thrombosis precisely where indicated by
Doppler ination. Histologic speci
from these radial arteries were esamined.

Results

¥029/82¢/€/8€/Pd
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Temporary thrombosis was demonstrated in©
40 radial arteries, one each in 40 of the 1008
patients, or in 38.1 per cent of the cannula-$
tions in this study. Figure 1 shows a post-%5
mortem specimen of a radial-artery thrombusg
which developed following cannulation. Noted
that the thrombus lies within the vessel at the®
site previously occupied by the cannula. S

A Doppler signal was audible distal to theg
area of occlusion in 92.5 per cent of the 408
thrombosed vessels, and a distal pulse wasd
palpable in 72.5 per cent of the occluded ves-S
sels. The pulse distal to the thrombus repre-<
sented collateral circulation from the ulnar ar-‘g
tery via the palmar arterial arches. Such a2
pulse disappeared when the ulnar artery wasS
occluded. Figure 2 demonstrates this phe-3
nomenon and shows the areas of radial-arteryZ
thrombosis outlined with the Doppler meter. %

The incidence of thrombosis was related o3
the duration of cannulation. Figure 3 shows™
the cumulative incidence of thrombosis as a
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function of time. Cannulae removed in the
recovery room (less than 20 hours of cannula-
tion) induced a 25 per cent incidence of
thrombosis, while cannulations lasting into the
first postoperative day in the L.C.U. (20 to 40
hours of cannulation) resulted in a 50 per cent
incidence of occlusion. Cannulae left in place
longer than 40 hours induced a 43 per cent
thrombosis rate.

In addition to total arterial occlusion, six
cannulations resulted in narrowing of the ar-
tery, as evidenced by decreased intensity of
the Doppler flow signal and slow radial filling
(7 to 15 seconds versus less than 5 seconds
pre-cannulation). In all such cases, these find-
ings cleared within seven days, resulting in
normal Doppler flow signals and brisk radial-
artery filling demonstrable by Allen’s test.

No difference in incidence of thrombosis
could be related to the patients’ ages, catheter
size, degree of trauma during cannulation,
volume of flush solution infused, or type of
flush mechanism employed.

An unexpected finding was that many radial
arteries did not thrombose until several days
following decannulation (see fig. 4). Seven-
teen of the 40 post-cannulation thrombi were
present immediately after decannulation, and
12 more thrombi developed during the first 24
hours. However, an additional 11 thrombi de-
veloped more than one day after decannula-
tion. All but three of the thrombi became ap-
parent within seven days of decannulation.

Eight radial arteries developed spasm at theS

o
time of decannulation (absent Doppler flowg
signal and no radial-artery filling), but wereﬂ\l
found to have normal filling and strong Dop-
pler flow signals the following day. Thesec
eight were not counted as arteries that hadS
thrombosed.

Most patients with radial-artery thrombi Jeft
the hospital before recanalization occurred,
and half of these were lost to follow up. The
remaining 20 were seen on subsequent out-
patient visits until radial-artery flow was re-
established. Figure 5 shows the time courses
of recanalization in the 20 vessels in these pa-
tients, the longest period being 75 days. Dim-%
inution in thrombus size was followed \vxthA
the Doppler meter. Allen’s test always showed &
intact radial-artery flow two to four days after @
Doppler examination showed apparent reca-3S
nalization. <'o>

Of the 40 patients who developed radial-ar- S
tery occlusion, four had some distal vasculary
insufficiency in the form of a pale, cold thenar &
eminence. This occurred despite the demon-<
stration of brisk ulnar-artery flow by Allen's%
test prior to cannulation. In each of these»
cases there was no Doppler signal distal to the S
site of cannulation, indicating that the radial o
artery was an end-artery to the thumb and 3
thenar area. Two other patients each had a =
cold, purple, tender distal index finger, indi- Q
cating peripheral embolization. Both types of &
findings in each instance cleared within seven

¥029/822/€/8E P

2¥50000/6S



[\
(1]
~

[
T

NUMBER OF PATIENTS WITH
OCCLUDED ARTERIES
S
T

(oo

R. F. BEDFORD AND H. WOLLMAN

Ancsthesiology
V 38, No 3, Mar 1973

apeojumoq

Fic. 4. Times wh@h
arterial occlusion was firgt
noticed. The bar at day
0 indicates those paticnts
with occlusion at the ti
of decannulation. Sol
bars resresent patien
who had intact radia
artery flow at the time
hospital discharge, b
were found to have occh@
sion on subsequent ouf
patient visits.

o 1 2 3 4 6 7

days, and in each case increasing ulnar col-
lateral circulation demonstrable by Doppler
measurements over the digital arteries and
palmar arterial arches accompanied the clini-
cal improvement. No patient whose radial ar-
tery was patent by Doppler examination de-
veloped clinical signs of vascular insufficiency.
In one case, necrosis of the skin measuring
22X 4 cm developed over the tip of a cannula
that had been in place for 144 hours. This
necrosis developed after decannulation and de-
spite the fact that there was no sign of cutane-
ous damage at the time of decannulation.
Compli are ized in table 1.
There were 14 instances of 1-2-cm nc d

8 9
DAYS BETWEEN DECANNULATION AND

10 no12 33 35
ARTERIAL OCCLUSION
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We believe these represent early signs of i mm
farction of the skin, but all resolved withif:
three to five days. Eighteen arteries weréd
tender after decannulation, usually for periods
of one to three days. The incidences of tens
derness in patent and occluded vessels weres
identical. Ecchymoses and minor ht-.'matomzlt:e'\g
occurred after 88 of the 103 mnnulab‘onsg
These became apparent one to two days fol
lowing decannulation and persisted for seveng
to 14 days. None was symptomatic. Thereg
was no instance of numbness of the hand aftenx
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lation, and no puncture site became in->
fected.

F16. 5. Time courses of recanali-
zation in 20 patients whose ar—c
teries had become thrombosed. The $
shortest duration of arterial ocdu-
sion was days Six pabents 3

? days -
4 and 9 a.fler occlusmn occurred
All arteries were patent by day 75.5
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Figures 6, 7, and 8 are photomicrographs of
cannulated vessels obtained at autopsy. Fig-
ure 6 shows residual changes 20 days after
radial-artery cannulation lasting six hours.
Even in the absence of clinical evidence of
thrombus formation, intimal proliferation and
medial scarring were present, with lympho-
cytic infiltrates and giant-cell formation. Fig-
ure 7 shows a totally occluded vessel contain-
ing an organizing thrombus which developed
after 32 hours of cannulation. Figure 8§ shows
a 2-week-old recanalized thrombus which had
originally caused total obstruction of flow for
nine days after 24 hours of cannulation.

Discussion

Percutaneous radial-artery cannulation has
been shown to have fewer vascular complica-
tions than the Seldinger technique for cathe-
terization of the brachial and femoral arteries.
We report an incidence of thrombosis following
percutaneous radial-artery cannulation consid-
erably higher than those found in most other
studies.l» 34 Hasse et al.,2 using brachial-artery
angiography, observed a 60 per cent incidence
of radial-artery occlusion in 28 patients fol-
lowing percutaneous cannulation. Tienty-
three of their patients were cannulated for
longer than 24 hours, and thus were in the
same category of patients in which we found
the highest incidence of thrombosis. It is
possible that they may have interpreted tem-
porary post-decannulation arterial spasm as
thrombosis, since repeated angiograms were
not done, and we observed eight patients who
had arterial occlusion at the time of decannu-
lation but whose radial arteries were patent
the following day.

Brown et al.# also reported results similar to
ours, i.e., a 20 per cent incidence of “dimin-
ished radial artery pulsation” following can-
nulation lasting less than 24 hours, compared
with our 25 per cent incidence of thrombosis
after cannulation lasting 20 hours or less.
Their study was discontinued three days after
removal of cannulae, while we have found
that thrombi continue to form in some cases
for longer than two weeks.

Although survey plethysmography has been
reported to be of use in the evaluation of arte-
rial occlusion following Seldinger catheteriza-

COMPLICATIONS OF RADIAL-ARTERY CANNULATION

TasLe 1. Complications Following
Radial-artery Cannulation

Al
g s |
Number of Vessels Can-
nulated 43[40 B 105
Vessels thrombosed
(per cent) 25 S0 41 38.1
Ischemis of the hand
(per cent) 1|2 15| 38
Emboli to fingers
(per cent) 47 0 ¢ 1.9
Purpura at the cannula
tip (per cent) 14 129 87| 133
Hematomata or ecchy-
moses (per cent) 76.8 1 95 773 | 838
Tenderness at cannula-~
tion site (per cent) 18.6 | 20 9 17.1
tion studies,’® to our knowledge, no one has

previously reported using both Doppler ex-
amination and Allen’s test to verify arterial
flow following cannulation. In most previous
studies, radial-artery patency was tested only
by palpating for a pulse distal to the site of
cannulation.®+ In our studies, 29 of the 40
thrombosed radial arteries had such a palpable
pulse. Previous investigators may have misin-
terpreted the presence of such a pulse as indi-
cating radial-artery patency, whereas in fact
it reflects collateral flow from the ulnar artery.
Hasse et al.? document the collateral circula-
tion to the hand, including angiographic evi-
dence of retrograde filling of the radial artery
distal to an area of thrombosis.

The arterial thrombosis appears to be caused
by changes in the integrity of the vessel wall
related to the presence of the cannula. Can-
nulae in place for short periods and removed
in the recovery room induced significantly
fewer thrombi than c lae which remained
in place for 2 day or longer. Cannulations
lasting an intermediate length of time (20 to
40 hours) were used primarily in patients un-
dergoing open-heart surgery, many of whom
were awake and active on the first postopera-
tive day; these patients may well have induced
more arterial trauma than those patients whose
cannulae were removed on the day of surgery.
The longest cannulations (longer than 40
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Fic. 6.
a 20-gauge catheter for six hours.
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Postmortem photoemicrograph of a radial artery 20 days following cannulation with
There was no clini
mortem., The elastica and media_are disrupted, showing a vascularized,
arca.  There are several small endothelial fibrin clots and smnall foci of subintimal calcification,
The intima is slightly thickened and there is medial fibrosis.
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evidence of arterial occlusion ante-
, partially collagenized

X20.

Frc. 7 (gI;z_):i::, ri.{.'dhl?. P{nolomicrogmph of a totally occluded radial artery containing an

which devel;)gedf after 28 hours of cannulation with an 18-
of

v-old tl

ﬁ:;uge catheter. The thrombus shows ingrow

eration, and the elastic layer is disrupted in several areas. X20.

Fic. 8 (below, right). Photomicro, h
caused_occlusion after 24 hours of ol

of an 18—(1:1)':91(‘]J radial-artery thrombus which
ion an

fibroblasts, the intima shows moderate pro-

nine days later. This vessel

allowed brisk blood flow recognizable by both Doppler examination and Allen’s test after

ization had occurred. The thrombus is well endothelialized and contains both residual
The vessel wall again shows focal disruption, with an absent
elastic layer and fibrosis of the muscularis. The intima shows generalized thickening. X20.

fibrin and early collagenization.

hours) were mainly in critically ill and less
active patients, perhaps explaining a some-
what lower incidence (41 per cent) of throm-
bosis, compared with cannulations lasting 20
to 40 hours (50 per cent).

Hasse et al.? reported that the incidence of
thrombosis in nine of their patients less than
40 vears of age was 331 per cent, whereas in
19 patients more than 40 vears old the inci-
dence was 75 per cent. They did not corre-
late these findings with the duration of can-

nulation. Our own results showed a 39 per
cent incidence of occlusion in 18 patients less 5
than 40 years old and a 38 per cent incidence 5
of occlusion in 87 patients more than 40 years 2
old. We feel, therefore, that the age of the >
patient is not a contributing factor in the ©
overall incidence of post-cannulation arterial ©
thrombosis.

Microscopic sections of cannulated vessels
showed intimal damage and proliferation.
Marked vessel-wall scarring was found after

Aq Jpd°90000-000£0€ L6 1-Z¥S0000/6G¥029/822/€/8€/4Pd-01o1n1e/AD0

¥20z 1May



COMPLICATIONS OF RADIAL-ARTERY CANNULATION

. Mar 197,

Ansstheiology
Y 38, No 3

Downloaded from http://asa2.silverchair.com/anesthesiology/article-pdf/38/3/228/620459/0000542

-197303000-00006.pdf by guest on 19 April 2024



236

only six hours of cannulation. The denuded
vascular lining, subsequent proliferated endo-
thelium, and arterial constriction at the time
of decannulation all probably combine to con-
tribute to thrombus formation at the site of
the cannula. While Brown et al* found no
difference between the incidences of decreased
radial pulsation in arteries cannulated with
polyvinyvichloride cannulae and those cannu-
lated with teflon cannulae, a prospective, con-
trolled study of this issue remains to be under-
taken. Likewise, no controlled, prospective
study of 18- vs. 20-gauge cannulae has yet
been undertaken.

Despite the considerable incidence of radial-
artery thrombosis, cannulation resulted in re-
markably few vascular complications because
of abundant collateral flow to the hand. Iso-
lated reports of peripheral embolic phenomena
and ischemia may well result from dislodg-
ment and distal passage of a porton of the
thrombus to an end-artery, or inadequate ul-
nar collateral flow in cases where ulnar pat-
ency is not tested prior to cannulation. When
ulnar patency is being observed by Allen’s
test, particular attention should be directed
toward demonstrating circulation to the thenar
area.

Angiographic studies by Hasse et al* dem-
onstrate that the radial artery is frequently an
end-artery to the thenar area. In our four pa-
tients with evidence of ischemia of the thenar
eminence, the absence of Doppler flow signal
distal to the area of occlusion indicated that
this was the case. As the signs and symptoms
of ischemia cleared, coll: 1 ulnar filling re-
sulted in the appearance of Doppler signals
distal to the radial-artery thrombus. Two of
these patients were each followed until reca-
nalization of the thrombus was complete. They
took the longest periods for this to occur: 68
and 75 days, respectively.

In summary, using Doppler flow measure-
ments and physical examination following ra-
dial-artery cannulation, we have found a con-
siderable incidence of temporary radial-artery

R. F. BEDFORD AND H. \WWOLLMAN
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thrombosis. This incidence increased with ing
creasing duration of cannulation. The onseB
of thrombosis was often delaved for som&
days following decannulation. Despite demw
onstrated ulnar flow, there was a 10 per cent:
idence of temporary minor lar insuffis
ciency in those patients who developed radialZ
artery thrombi. In these 105 percutancous ar<
terial cannulations, there was no major vascu$
lar complication. Al cases of occlusion which®
were followed eventually showed rec:mnlim-%
tion.
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