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3.3F Catheter/Sheath System for Use in
Diagnostic Neuroangiography

Hiro Kiyosue, Mika Okahara, Hirofumi Nagatomi, Takaharu Nakamura, Shuichi Tanoue, and
Hiromu Mori

BACKGROUND AND PURPOSE: Although neuroangiography remains the criterion standard
standard for the detection of and surgical/interventional planning for cerebrovascular diseases,
it usually requires that patients be confined to bed rest for several hours after angiography to
prevent local complications. Decreasing catheter size has reduced the risk of hemorrhagic
complications associated with early ambulation after angiography. For this study, we prospec-
tively evaluated the clinical feasibility of a 3.3F catheter/sheath system for selective neuroan-
giography.

METHODS: One hundred seventeen consecutive patients (49 men, 68 women; age range,
18–83 years; mean age, 56.9 years) underwent selective neuroangiography using 3.3F catheters.
The exclusion criteria for this study included a subsequent surgical/neurointerventional pro-
cedure performed within 18 hours and necessity of arch aortography, which is routinely
performed for the first examination of patients with ischemic cerebrovascular diseases. The
procedure was evaluated prospectively in terms of success rate, compression time of the arterial
puncture site, and periprocedural complications.

RESULTS: Selective catheterization of the intended arteries was performed in 99% of the
carotid arteries and 97.4% of the vertebral arteries. No neurologic complications or local
hemorrhagic complications were observed. Manual compression time after the procedure
ranged from 3 to 7 minutes (mean, 3.7 minutes), and patient bed rest after the procedure
ranged from 2 to 3 hours (mean, 2.04 hours).

CONCLUSION: Selective neuroangiography with a 3.3F catheter/sheath system is feasible
and enables early ambulation in selected patients.

The clinical usefulness of less invasive vascular imag-
ing techniques, such as MR angiography and CT
angiography, has recently been reported (1–3). The
imaging quality of these modalities has been advanc-
ing rapidly, although neuroangiography remains the
gold standard for the detection of, surgical/interven-
tional planning for, and follow-up of cerebrovascular
diseases. However, the necessity of prolonged focal
compression and bed rest after the procedure, which
carries the risk of pulmonary embolism, is a great
disadvantage to patients (4–6). A recent comparative
study in diagnostic neuroangiography showed that the
use of a sheath increased the maneuverability of the
catheter and reduced bleeding at the puncture site

during the procedure (7). Decreasing the catheter
size has reduced the risk of hemorrhagic complica-
tions associated with early ambulation after angiog-
raphy (8–10). The purpose of this study was to eval-
uate the clinical feasibility of a 3.3F catheter/sheath
system for selective neuroangiography.

Methods

Patient Selection
For this study, we selected patients for whom the examina-

tion was intended to be diagnostic only, no aortic arch aortog-
raphy was needed, and follow-up during the ensuring 18 hours
was possible. One hundred seventeen patients (71 with cerebral
aneurysms, 16 with vascular malformations, 15 with brain tu-
mors, eight with suspected cerebral aneurysms, and seven with
cerebral arterial stenosis after percutaneous transluminal an-
gioplasty), after providing informed consent to be part of this
study, underwent diagnostic selective neuroangiography using a
3.3F catheter/sheath system. A total of 270 patients underwent
diagnostic neuroangiography between June 1, 2000, and Feb-
ruary 28, 2001. Eighty-four patients were excluded from the
study because interventional or surgical procedures were per-
formed within 18 hours after the diagnostic neuroangiography.
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Informed consent could not obtained from 37 patients, and
they were also excluded.

Aortography with a pigtail catheter is routinely performed
during the first examination of patients with ischemic cerebro-
vascular diseases treated at our institution. Because a 3.3F
pigtail catheter was not available, 32 patients with ischemic
cerebrovascular diseases were excluded. The characteristics of
the patients are summarized in Table 1. The patients included
49 men and 68 women ranging in age from 18 to 83 years (mean
age, 56.9 years). The mean patient body size was 57.4 kg (range,
37–100 kg) in weight and 158.5 cm (range, 142–178 cm) in
height. Nine of the 117 patients received antiplatelet drugs, and
two of them received an anticoaglant. From the blood data
obtained several hours before the procedure, the mean pro-
thrombin time was 10.9 seconds (range, 9.5–12.7 seconds), the
mean partial thromboplastin time was 30.8 seconds. (range,
29.8–32.4 seconds), and the mean platelet count was 267,000/mm3

(range, 108,000–611,000/mm3).

Instrument and Techniques
The 3.3F catheter that we used (Medikit, Miyazaki, Japan) is

made of a polyamide membrane containing a barium and
stainless wire mesh that increases its resistance to kinking. The
catheter comes in various shapes, including the John-Benson
type 1, John-Benson type 2, and Simmons type 2. The 3.3F
catheter has a lumen of 0.89 mm, and a 0.032-in guidewire can
be inserted through its lumen. It can be accurately observed via
fluoroscopy. The maximum injection rate of contrast medium
(Iopamidol 370, Schering, Germany) is 6 mL/s at 800 psi in
vitro. The 3.3F sheath is 1.58 mm in outer diameter (Medikit).

All arteriography was performed via femoral arterial access
with local anesthesia by using biplane DSA equipment (Ad-
vantx LCN Plus, GE Medical Systems) by two angiographers
with 4 or 11 years of experience. Five to 25 mL of nonionic
contrast medium (Iohexiol, 300 mg I/mL) was injected at a rate
of 2–5 mL/s via the catheter. Selective arteriography was per-
formed using the guidewire technique with a 0.032-in guidewire
(Radifocus, Terumo, Tokyo). Heparin was intravenously ad-
ministered to patients with histories of ischemic cerebrovascu-
lar disease or for procedures that were prolonged for more
than 40 minutes. Intravenously administered heparin (1000–
2000 U; mean, 1233 U) was used in 15 of 117 patients. After

completion of angiography, the puncture site was compressed
manually for at least 3 minutes, until hemostasis was obtained.
We removed the pressure after 3 minutes and observed the
puncture site for at least 20 seconds to confirm whether hemo-
stasis was obtained. If hemostasis was not achieved at 3 min-
utes, manual compression was continued with a check at
1-minute intervals. The puncture sites were compressed with
bandages, and the patients were then confined to bed rest,
during which their vital signs were monitored. Neuroradiolo-
gists and/or neurosurgeons checked the conditions of the punc-
ture sites, including maintenance of hemostasis, at 2 and 18
hours after the procedure. If there were no complications, such
as local hematoma, oozing, and/or neurologic deficits, at 2
hours after angiography, it was time for ambulation. If hemor-
rhagic complications or oozing were observed after 2 hour, bed
rest with local compression with a bandage was continued, with
checks performed at 30-minute intervals.

The success rate of selective catheterization for the intended
arteries and the duration of the diagnostic arteriographic pro-
cedures (from initiation of local anesthesia to removal of the
catheter) were investigated. The image quality of all angio-
grams was evaluated by two neuroradiologists and one neuro-
surgeon using a two-degree grading scale as follows: good
(clearly showed the lesion and cerebral arterial branches) and
poor (obscured cerebral arterial branches and/or lesions). The
time required for manual compression at the puncture site,
time to ambulation after completion of angiography, rate of
hemorrhagic complications at the puncture site, and neurologic
complications during the procedure and for �18 hours after
the procedure were assessed. A neurologic complication was
defined as any new focal neurologic deficit or change in mental
status during angiography or during the 18 hours after the
procedure.

Results

For a review of the results, see Tables 2 and 3. In
115 (98.3%) of 117 patients, 280 of 284 selective
catheterizations of the intended arteries were com-
pleted with the 3.3F catheter alone (59 common ca-
rotid arteries, 124 internal carotid arteries, 22 exter-
nal carotid arteries, and 75 vertebral arteries). In the
two remaining patients, four attempts at catheteriza-
tion failed. In one of the two patients, catheterization
into the left vertebral artery failed because of coiling
of the artery at its origin; a 4F catheter was required
for selective vertebral arteriography. In the other pa-
tient, transfemoral catheterization using a 4F catheter
failed because of significant atherosclerotic tortuous-
ness of the iliofemoral artery; the patient then under-
went neuroangiography via transradial access. The
number of catheters used in each patient ranged from
one to two (mean, 1.05 catheters).

The mean duration of the diagnostic arteriographic
procedures using the 3.3F catheter was 24.7 minutes
(range, 6–62 minutes). The duration of the study of
one or two vessels ranged from 6 to 32 minutes (mean,
17.4 min) and that of the study of more than three
vessels ranged from 15 to 62 minutes (mean, 31.9
min).

All 280 arteriograms were reviewed and evaluated
by two neuroradiologists and one neurosurgeon. All
except one of the arteriograms, obtained from a pa-
tient with a high-flow arteriovenous malformation,
were evaluated as good (99.4%) (Fig 1).

The required manual compression time after the

TABLE 1: Characteristics of participants

Characteristics Value

Total number of participants 117
Age (y) 18–83 (56.9)
Height (cm) 142–178 (158.5)
Weight (kg) 37–100 (57.4)
Body:weight ratio 1.68–4.05 (2.85)
No. of patients receiving antiplatelet

drugs
9

No. of patients receiving anticoagulant
drugs

2

Prothrombin time (s) 9.5–12.7 (10.9)
Partial thromboplastin time (s) 29.8–32.4 (30.8)
Platelet count (1,000/mm3) 10.8–61.1 (26.8)
No. of patients receiving IV administered

heparin
15

Dose of heparin (U) 1000–2000 (1233)
Blood pressure during procedure

Systolic (mm Hg) 98–187 (137.2)
Diastolic (mm Hg) 55–109 (81.1)

Blood pressure after procedure
Systolic (mm Hg) 94–174 (132.4)
Diastolic (mm Hg) 42–103 (79.9)

Note.—Data in parentheses are the mean.
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procedure ranged from 3 to 7 minutes (mean, 3.7
minutes) in patients for whom the 3.3F catheter/
sheath system alone was used (n � 115). The time to
ambulation after the procedure ranged from 2 to 3
hours (mean, 2.04 hours). One hundred eight (94%)
of 115 patients walked at 2 hr after the procedure, five
walked at 2.5 hours, and two walked at 3 hours be-

cause oozing at the puncture sites was noted at 2 or
2.5 hours after the procedure.

No hemorrhagic complications at the puncture
sites were observed within 18 hours after ambulation.
No neurologic complications, including transient isch-
emic attack, were observed in any of the patients. In
one patient, a transient rash in the face and chest was
observed 6 hours after the procedure, which was
probably due to delayed allergic reaction to the con-
trast medium.

Discussion
Neuroangiography carries some risks during and

after the procedure. Neurologic complications of neu-
roangiography are rare but can be serious. Several
studies using large samples have reported neurologic
complication rates ranging from 0.54% to 2.3% (11–
14). Hemorrhagic complications, such as groin bleed-
ing or hematoma, are common (7, 12, 13). Because
these local complications, as compared with neuro-
logic complications, less frequently cause serious re-
sults, less attention has been paid them (15). How-
ever, these local complications and/or prolonged
groin compression to prevent them cause patients
undue burden. Further, prolonged groin compression
may increase the risk of pulmonary embolism from
femoral venous thrombosis (4–6). The size of the
catheter/sheath system, compression time, and ambu-
lation time are important factors associated with
hemorrhagic complications. Decreasing the size of
the catheter/sheath system may reduce the rate of
hemorrhagic complications and may allow for early
ambulation. Several reports by cardiologists have pre-
sented findings on catheter size and local complica-
tions. Hematomas after cardiac catheterization were
observed in 10–15% of patients for whom a 7F or 8F
catheter was used and in 3.5–8% of those for whom a
5F catheter was used (8–10). In our study, by per-
forming neuroangiography using the 3.3F catheter/
sheath system, reduction of local complications and
early ambulation (mean, 2.04 hours) were achieved.

FIG 1. Arteriograms evaluated using a two-degree grading scale of good and poor.
A, Right anterior oblique arteriogram of the left vertebral artery was evaluated as good. A small aneurysm of the right vertebral-basilar

junction can be seen. Note a retrograde flow to the opposite vertebral artery.
B, Lateral arteriogram of the common carotid artery in a patient with a high flow arteriovenous malformation was evaluated as poor.

Peripheral branches of the cerebral arteries are not well visualized.

TABLE 2: Success rate of the selective catheterization

Result Total No.
No. of Successful
Procedures (%)

Procedures 117 115 (98.3)
Intended arteries

Right CCA 31 30 (96.8)
Right ICA 59 59 (100)
Right ECA 13 13 (100)
Left CCA 30 29 (96.7)
Left ICA 65 65 (100)
Left ECA 9 9 (100)
Right VA 17 16 (94.1)
Left VA 60 59 (98.3)
Total 284 280 (98.6)

Note.—CCA indicates common carotid artery; ICA, internal ca-
rotid artery; ECA, external carotid artery; VA, vertebral artery.

TABLE 3: Results during and after procedure

Result Value

Duration of procedure
Totals (min) 6–62 (24.7)

1 or 2 vessels 6–32 (17.4)
�3 vessels 15–62 (31.9)

No. of catheters used 1–2 (1.05)
Duration of groin compression (min) 3–7 (3.7)
Time to ambulation after the procedure (hr) 2–3 (2.04)
Complications

No. of hematomas 0 of 115
No. of neurologic complications 0 of 115
No. of other complications 1 of 115*

Note.—Data in parentheses are the means.
* This occurred 6 hours after the procedure.

AJNR: 23, April 2002 DIAGNOSTIC NEUROANGIOGRAPHY 713



The use of an arterial sheath may affect hemorrhagic
complications after the procedure. Sheaths have an
outer diameter that is slightly larger than that of the
catheters placed through them. Some angiographers
do not routinely use the arterial sheath because of the
cost of the sheath and because they think that its use
increases the risk of bleeding after the procedure.
Moran et al (7) reported the value of the sheath in a
randomized controlled study using diagnostic neu-
roangiography with a 5F catheter for a large sample.
In their study, the incidence of hematoma after the
procedure was not significantly different between
groups (11.4% in the sheathless group versus 11.9%
in the sheath group), and the incidence of bleeding at
the puncture site during the procedure was lower in
the sheath group (1.7%) than in the control group
(35.6%).

Transbrachial and transradial approaches have
been used for selective neuroangiography. One ben-
efit of these techniques is the reduction of restrictions
on a patient’s activity after angiography. Although a
high success rate (similar to that of the transfemoral
approach) of selective catheterization by these tech-
niques has been reported, some reports of transbra-
chial angiography have described a relatively higher
occurrence of significant local complications, such as
brachial artery thrombosis and dissection (16, 17).
Percutaneous transradial neuroangiography has re-
cently been reported (18–20). The occurrence of sig-
nificant local complications associated with this ap-
proach is lower than that associated with the
transbrachial approach. A recent report of transradial
cerebral angiography in 166 cases showed excellent
results; selective angiography was completed without
major vascular complications in all patients except 12
who were poor candidates for this procedure (20).
However, in that study, angiography of the common
carotid artery was very frequently performed and se-
lective angiography of the internal and/or external
carotid arteries was infrequently (20–21%) per-
formed, in comparison with our study (50–55%).

In one patient in our study, selective neuroangiog-
raphy was completed via a transradial approach after
the transfemoral approach failed. However, patients
should be selected before angiography, based on con-
firmation of the collateral blood supply to the hand
from the ulnar artery by using Allen test. In our
experience with transradial neuroangiography in 40
patients selected by using the Allen test, all proce-
dures succeeded without any significant complica-
tions, although two minor complications (one radial
spasm and one radial pulseless) were encountered
and this technique is more complicated than the
transfemoral approach (unpublished data). Because
early ambulation (within 2 hours for most patients) after
transfemoral neuroangiography using the 3.3F catheter/
sheath system was achieved in this study, transbrachial
or transradial neuroangiography would be useful, es-
pecially for patients in whom the transfemoral route
is not feasible or is difficult.

The potential problems of a small catheter are poor
maneuverability and poor arterial opacification. Pro-

longation of the procedure due to poor maneuver-
ability of the catheter increases the risk of neurologic
complications during neuroangiography. Notably, du-
ration of the procedure in this study (mean, 24.7
minutes) was not longer than that in previously re-
ported studies by using 5F or larger catheters (4, 13).
No neurologic complications were observed in this
study, although it must be noted that this study in-
cludes a relatively small number of patients and that
the rate of neurologic complications can be affected
by several factors, such as the presence of the isch-
emic cerebrovascular diseases, prolongation of the
procedure, and experience of the surgeon.

Regarding the limitations of the use of a 3.3F
catheter for neuroangiography, arch aortography can-
not be performed because the 3.3F pigtail catheter is
no longer available. Arch aortography is sometimes
necessary to search for aberrant vessels, stenosis of
the vessels at the origin, and aortic diseases such as
aortic dissection. More recently, Komiyama et al (21)
showed the technical feasibility of a 3.2F catheter
with a 0.68-mm inner diameter for diagnostic cerebral
angiography of 30 patients. In their study, a 98.9%
success rate of selective cerebral angiography was
achieved. They also performed arch aortography of
10 patients with the same catheter with an injection of
10 mL of contrast material at the rate of 5.6 mL/s.
Because we have thought that enough opacification
of contrast material in each brachiocephalic vessel for
obtaining a sufficient diagnostic image in arch aor-
tography requires an injection rate of �10 mL/s, we
excluded 32 patients with ischemic cerebrovascular
diseases who needed arch aortography from this
study. If sufficient aortograms are obtained with these
small catheters, application of the 3.3F catheters used
in this study will be expanded to include these cases.
Further investigation, including a larger number of
arch aortograms obtained with these small catheters,
is necessary for assessment of the feasibility of the
small catheters for cerebral angiography in patients
who need arch aortography. Therefore, at this mo-
ment, the 4F catheter should be used for the initial
examination of patients with suspected ischemic ce-
rebrovascular or aortic disease.

Conclusion

The results of this study show that the 3.3F cathe-
ter/sheath system is a safe and less invasive technique
for neuroangiography in selected patients.
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