Intraoperative Measurement of Javid Shunt
Flow With Transit-Time Ultrasound
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Transit-time ultrasound methods were used to measure blood flow in 37 patients undergoing
carotid endarlere_ctomy. Internal carotid flow before (ICF>) and after (ICF™) endarterectomy
was measured with a 6 mm perivascular probe, and Javid shunt flow (SF) was measured with
a clamp-on probe. For the entire group ICF™ averaged 117 = 67 ml/min and ICF*" was
178 = 67 mi/min. Shunt flow averaged 123 = 51 mi/min. The differences between ICF>' and
ICF* and between SF and ICF*" were significant (ANOVA, p <0.01) but the difference
between ICF™ and SF was not. The relationship between ICF> and SF appeared to define two
grpups of patients. Those in whom SF was greater than ICF™ (SF > ICF*) had more stenosis
evident on preoperative arteriograms (64.7% = 14.55% maximum single diameter stenosis)
and a greater average increase in ICF (151% = 159%) than those with SF < ICF>™
(43.3% = 20.9% stenosis and 34% = 54% increase in ICF), suggesting that the relationship
between SF and ICF™ defines groups with different hemodynamic responses. The similarity
between SF and ICF™ indicates that Javid shunt flow offers adequate protection from cerebral
ischemia. A practical benefit of the shunt clamp-on fiow probe is the ability afforded to

recognize shunt occlusions. (Ann Vasc Surg 1994,8:571-577.)

Common carotid to internal carotid shunts are
commonly employed during carotid surgery based
on the principle that during carotid clamping
shunts maintain adequate cerebral perfusion to
protect against ischemic cerebral injury."? Despite
many clinical studies employing EEG monitoring
to support this hypothesis, few studies have di-
rectly measured intraoperative shunt or carotid
flow, and the hemodynamic evidence that cere-
bral perfusion is adequately maintained by shunt-
ing has depended on indirect measurements with
133¥e washout measurements of regional cerebral
perfusion** or duplex ultrasound assessment of
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middle cerebral artery flow velocities.>® These
techniques are difficult to apply and have not
been widely adopted for monitoring flow during
carotid surgery. Because of the paucity of studies
and the inaccuracy of techniques available in the
past, there are no widely accepted values for
blood flow (ml/min) during carotid surgery. Some
have suggested that the Javid shunt may actually
limit flow in the manner of a critical stenosis
because of its dimensions,” thus compromising
the goal of cerebral protection. Inasmuch as the
Javid shunt is probably the most commonly em-
ployed shunt in the United States (Walcott C.
Personal communication, 1993), its hemody-
namic performance is of practical importance.

MATERIAL AND METHODS

Taking advantage of the ability to measure bulk
flow with the relatively improved technique of
transit-time ultrasound,® we measured flow in the
internal carotid artery and Javid carotid shunts
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during surgery with the aim of characterizing the
performance of the shunt and the relation be-
tween shunt and internal carotid flow before and
after endarterectomy. Patients undergoing carotid
endarterectomy had flow in the internal carotid
artery measured with perivascular transit-time
probes before and after carotid reconstruction.
Flow in the Javid carotid shunt was measured
with clamp-on probes specifically engineered for
this purpose.

All patients were from the Vascular Surgery
Service of the Veterans Administration Medical
Center, Long Beach, California, and were studied
using a protocol approved by the institutional
review board. Between April 1991 and May 1993,
thirty-three patients underwent a total of 37 ca-
rotid endarterectomies for either critical stenosis
or embolic phenomena. Each patient underwent
preoperative contrast arteriography of the cerebral
circulation. In four patients the operation was
performed to correct an asymptomatic stenosis
and in nine (24.3%) large ulcerated plaques were
detected by arteriography in the absence of sig-
nificant stenosis but in the presence of symptom:s.
General anesthesia and standard endarterectomy
techniques using a longitudinal incision from the
common carotid into the origin of the internal
carotid artery were employed. A Javid shunt (C.R.
Bard, Inc., Billerica Mass.) was placed in each
patient. Patch angioplasty was not used as the
caliber of the internal carotid artery and bulb was
large enough to accept a shunt, eliminating con-
cern that a stenosis would be created by the
closure of the arteriotomy. Internal carotid flow
(ICF) was measured with a T207 flowmeter and
an § series 6 mm diameter perivascular probe
(Transonic Systems, Ithaca, N.Y.). The perivascu-
lar probe was applied to the site dissected on the
internal carotid artery for vascular clamp appli-
cation to measure flow before cross-clamping
(ICF™') and again after completion of the endar-
terectomy and removal of clamps (ICF*). The
ICF*" measurement was performed when the pa-
tient was hemodynamically stable and at least 5
minutes after restoration of carotid flow to allow
cerebral autoregulatory responses to stabilize. A
specially designed transit-time clamp-on probe
was applied to the shunt to measure shunt flow
(SF). In the early part of this series the probe was
clamped to the shunt prior to insertion. This
moderately increases the difficulty of shunt inser-
tion because of the cable that connects the probe
to the flowmeter, and our current practice is to
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apply the probe to the shunt only after flow is
established.

Sterile gel (Aquasonic 100, Parker Laboratories,
Orange, N.J.) was used as an acoustic medium
between the arteries or the shunt and the probe.
Flow measurements were permanently recorded
with the use of an IBM 286 microcomputer con-
nected to the flowmeter in conjunction with a soft-
ware program supplied by the company. The peak
flow found over 30 seconds with the 0.1 Hz flow-
meter output was later printed out to determine
flow based on analysis of the printed waveforms.
Because transient hyperemic elevations were often
seen in the initial SF measurement found immedi-
ately after shunt placement and restoration of dis-
tal carotid flow, the SF measurements chosen for
analysis were always taken from the period imme-
diately before removal of the shunt when a stable
equilibrium was present. The percentage change in
internal carotid flow (%ACF) achieved by endar-
terectomy in individual patients was calculated as
100 x (ICF*" — ICF™')/ICF>",

The perivascular probes and clamp-on probes
were calibrated with a bench-top continuous-flow
circuit using water. True flow was measured v
a graduated cylinder and stop watch and co...
pared to the 0.1 Hz flowmeter measurement. The
maximum single diameter stenosis affecting the
internal carotid artery present in each patient’s
preoperative arteriogram was calculated by mea-
suring the smallest diameter involving the carotid
bulb or proximal internal carotid artery and the
diameter of the normal internal carotid artery
distal to the stenosis and any poststenotic dilata-
tion.” The statistical significance of differences
between groups was determined with ANOVA
using a microcomputer program (GraphPAD In-
stat, San Diego, Calif.).

RESULTS

The 6 mm perivascular probes and the clamp-on
Javid shunt probes were supplied after calibration
by the manufacturer. Our bench-top flow circuit
calibration confirmed that the correlation be-
tween true and measured flows was good enough
to use the transit-time measurements without
adjustment (Fig. 1). Fig. 2 represents typical flow
tracings recorded during an endarterectomy. Both
pulsatile flow vs. time waveforms and time-aver-
aged flow tracings are shown.

The results of ICF™, ICF*", SF, %AICF, and
percentage stenosis for all 37 patients are sum-
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Fig. 1. Calibration data for clamp-on transit-time shunt probes. Three different probes (closed
circles, open circles, and triangles) underwent comparison of true and measured flows. The slope
of the line that best fits all data points by linear regression analysis is 1.1 with a correlation
coefficient of 0.99.
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Fig. 2. Typical flow waveforms. This patient’s initial ICF was 72 ml/min, final ICF was 165
mUmin, and initial SF was 195 mlmin falling to the equilibrium value of 115 ml/min. One
second elapses between each dot with the botiom row corresponding to 0 flow and the top row
to a preset value (250 ml/min for the 6 mm probe and 200 ml/min for the clamp-on probe).
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Table I. Summary of results for all 37 patients
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Grou
p ICF> ICF* SF % Increase ICF % Stenosis
:::l _— l;Z f :; 173 = 67 123 = 51 97 £ 135 54.8 = 209
> - 152 £ 41 142 = 56 151 = 159 647 =
SF < ICF 155 = 62 197 = 82 101 = 35 09
= 34 = 54 433 = 209

marized in Table I. For the entire group the mean
value for ICF™ was 117 = 67 (SD) ml/min with
a low value of 10 ml/min and a maximum value
of 300 ml/min. ICF*" was 173 = 67 ml/min with
the lowest flow observed being 60 ml/min and
the highest being 400 ml/min. SF was 123 + 5]
ml/min for the entire group (minimum 45, maxi-
mum 280). For the entire group the difference
between ICF™ and ICF*" was highly significant
(p <0.001), as was the difference between SF and
ICF" (p <0.01). The difference between ICE
and SF was not significant (uncorrected
p = 0.727). The percentage change in ICF deter-
mined by averaging the %AICF for each patient
was 97 * 135 as opposed to an increase of 47.9%
based on the aggregate means of ICF*™' and ICF*".
ICF increased in 30 patients and decreased in only
seven. Among patients in whom decreased ICF
was -observed, -the maximum decrease was 34.6%
(19¢-ml decreasing to 128 ml/min). None of these
seven patients developed a neurologic deficit. The
average preoperative maximum single diameter
stenosis evident on the preoperative arteriograms
was 54.8% * 20.9% for the entire group.

When the data were analyzed based on the
relationship between ICF™' and SF, the patients
were divided into two groups of comparable size;
20 patients in whom SF was greater than ICF>'
(SF > ICF™) and 17 in whom SF was less than
or equal to ICF* (SF < ICF™). Table 1 also
shows the average flow measurements and steno-
sis for these two groups. Two statistically signif-
icant distinctions between the SF > ICF*™ and
SF < ICF™ groups are discerned. The lower value
for ICF*' observed in the SF > ICF™' group was
significantly lower than that of the SF < ICF™
group (86 * 55 ml/min vs. 155 = 62 ml/min, p
<0.05). In -addition, the normalized percentage
increase in ICF (%AICF) was much greater in the
SE > ICF*™ group than in the SF < ICF™ group
(151% = 159% vs. 34% = 54%, p <0.001). Al-
though the SF > ICF™' group tended to have
more arteriographic stenosis (64.7% %= 14.55%)
than either the entire group (54.8% = 20.9%) or
the SF < ICF™ group (43.3% = 20.9%), the dif-
ferences were not significant.

In 18 of the 37 patients we recorded the initial
shunt flow to compare with the final shunt flow
present after initial autoregulatory responses had
subsided. The average initial shunt flow was
162 = 88 ml/min (minimum 45, maximum 400)
compared to 124 = 51 ml/min (range 75 to 280
ml/min) for the equilibrium shunt flow observed
at the conclusion of the endarterectomy in these
18 patients. We noted that the decrease in the
initial shunt flow was gradual and generally equi-
librium was not reached for at least 5 minutes.
Initial shunt flow was significantly greater than
equilibrium flow (p = 0.0136, two-tailed paired
t test) and in only four patients was the initial
shunt flow less than the final flow.

Performance of these flow measurements
erally added approximately 10 minutes to e
endarterectomy procedure. There were no infec-
tions, no deaths, and one minor stroke within 30
days, and one patient had permanent monocular
blindness after an emergency operation for cre-
scendo amaurosis. The two neurologic complica-
tions were attributed to embolic phenomena in-
asmuch as flow values were high at the conclu-
sion of the surgery and subsequent duplex
ultrasound examinations revealed no technical
problems.

In one patient the initial shunt flow measure-
ment showed only intermittent flow and_the
displayed waveform demonstrated wild fluctua-
tions. We attributed this to the tip of the shunt
being intermittently occluded when_ it was
p-r_f.:;ged against the distal artery wall. T
abnormality was easily corrected by repositioning
e tip ol the shunt_In the remainder of the
Datients decreases in llow were occasionally de-
Tected when shunts were transiently kinked or
Sharply_bent. These decrements Shunt Iow

— F :
never persisted because shunt flow was moni-
tored continuously.

——

DISCUSSION

Our experience indicates that Javid shunt flow
and internal carotid flow can be measured with-
out adding to the technical difficulties of endar-
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terectomy and with only minimal prolongation of
surgery. The safety of endarterectomy may be
enhanced inasmuch as shunt occlusions should
be preventable with this technique, although our
complication rate was no better than that re-
ported with other methods of cerebral monitoring
or technical evaluation of arterial reconstruc-
tions.”™'* Shunt occlusions do occur'*'? and in
this series we observed one initial occlusion,
which was easily recognized and corrected._Oth.
ers_hav that _the ability to monitor
s ing surgery would be of practical
benefit, and a shunt with a built-in Doppler probe
hz,i_s\u_lg‘u_ig_rggnc_pmdmmtesting and develop-
ment,
trasound shunt flow monitoring to carotid end-
arterectomy will actually improve its safety or is
of practical value is a question that cannot be
answered based on our experience. The fact that
it can be done does not necessarily justify the
procedure, particularly since most strokes result-
ing from carotid surgery are probably due to
intraoperative embolism or postoperative throm-
bosis rather than to shunt occlusions; perhaps a
yperative study involving multiple centers could
audress this issue.

In a previous study in which ICF was measured
with electromagnetic flowmeter methods, ICF>™
averaged 133 ml/min and increased to 212 ml/min
after endarterectomy.'* Others have found ICF*"
to be 164 ml/min"’ and 254 ml/min (this latter
measurement may not be directly comparable
because the external carotid artery was clamped
during the measurement.'® '*>Xe measurements of
regional cerebral flow are difficult to directly cor-
relate with flow, but assuming there is no collat-
eral flow to the ipsilateral hemisphere when the
internal carotid artery is open and the cerebral
hemisphere weight is 500 gm'’ and regional ce-
rebral flow is 50 ml/100 gm/min,_internal carotid
flow_should in. Duplex ultrasound
studies have yielded a higher value of 286 to 330
ml/min for normal volunteers.'®"” Our measure-
ment of 173 ml/min as the mean internal carotid
flow after endarterectomy is in fair agreement
with these data, given that electromagnetic and
duplex ultrasound methods are difficult to cali-
brate in clinical settings. The accuracy and valid-
ity of transit-time measurements are supported
-+ several studies’*** and these measurements

ve become standard in physiologic studies in
animals.

The average value for maximum single diam-
eter stenosis of 54.8% that we measured in our
patients’ arteriograms is somewhat lower than

Whether adding routine transit-time ul-
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most vascular surgeons expect to find. Given the
fact that veterans tend to have more severe vas-
cular disease than the general community popu-
lation, we believe this discrepancy is due not only
to [ht“high frequency of symptomatic carotid
ulceration without = significant stenosis that
we found but also to the stringent method we use
10 measure stenosis. Our measurement compares
the smallest diameter in the path from the
common carotid to the internal carotid artery
and compares it to the normal caliber internal
carotid artery distal to the lesion. Comparisons of
the smallest diameter to other portions of the
flow path such as the bulb will invariably exag-
gerate the degree of stenosis believed to be
present.

The observation that flow actually decreased in
7 of 37 patients deserves comment. We attribute
this to a combination of factors. First, several
physiologic variables such as cardiac output, ar-
terial Pco,, and cerebral collateral flow may vary
during the operation between measurements of
ICF> and ICF*" and lead to a decrease in flow
despite correction of stenosis. These physiologic
variables may outweigh the influence of increased
carotid diameter, particularly in patients operated
on for ulceration or only moderate stenosis._Sec-
ond, in some cases the carotid reconstruction may
Tead_to unrecogni I_unintentional stenosis.

ird, the transit-time flowmeter methodology
has some imprecision (15% for the S series probes
employed), which may occasionally lead to inac-
curate comparisons. Of greatest interest is the
frequency with which a stenosis is created rather
than relieved. We are planning future studies
with completion arteriography and serial duplex
ultrasound measurements to help distinguish be-
tween these variables.

Javid shunt flow in an artificial circuit re-
portedly varies from approximately 100 to 200
ml/min as the driving pressure increases from 60
to 80 mm Hg,'” which is in agreement with our
findings. Electromagnetic flow measurements in
goats show w in the internal carotid
artery to be approximately 640 ml/min with flow
tArough the Javid shunt being 340 ml/min com-
pared to 470 ml/min for the largest bore shunt
employed.> This latter study indicates that under
ertain circumstances Javid flow values are higher
than those we observed and shunt dimensions are
unlikely to critically limit cerebral perfusion.

3¥e measurements of cerebral perfusion un-
der halothane anesthesia during carotid endarter-
ectomy as analyzed by Sundt et al.,* are consis-
tent with our shunt flow measurements. Carotid
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clamping caused mean cerebral perfusion to fall
an average of 40% from a baseline value of 55.7
ml/100 gm/min. Patients with critical decreases in
cerebral perfusion had shunts placed, resulting in
partial restoration of perfusion to 45.6 ml/100
gm/min. If selectively shunted patients had an
average perfusion of 20 ml/100 gm/min, then
shunt flow would have been approximately 125
ml/min, assuming all internal carotid flow was
directed to the ipsilateral hemisphere.

It should be noted that direct measurements of
shunt or native artery flow do not simply correlate
with cerebral perfusion because of the unpredict-
able nature of both the cerebral hemodynamic re-
sponse to transient carotid occlusion and the qual-
ity of collateral pathways that may supplement
cerebral perfusion when native inflow is perturbed.
Measuring flow in the shunt is not a practical sub-
stitute for selectively deciding whether to place a
shunt based on monitoring markers of cerebral
perfusion such as the EEG. It would be of value to
perform either EEG monitoring or '*’Xe measure-
ments of cerebral perfusion in conjunction with
carotid artery and shunt flow measurements to
allow direct correlation of extracranial flow with
cerebral perfusion.

Our finding that Javid shunt flow is similar to
baseline flow indicates that adequate cerebral per-
fusion is maintained. Additional confirmation
comes from our observation that initial shunt flow
fell gradually, consistent with typical hyperemic
responses to transient arterial occlusion. Hyper-
emic flow falls from an initial high level as an
initial ischemic debt is paid. If shunt flow is found
to be inadequate, hyperemic responses should not
be observed. An early report of changes in ocular
pressure with pneumoplethysmography during ca-
rotid surgery suggested that the Javid shunt limits
flow in a manner resembling 75% stenosis.” The
ability of the cerebral circulation to autoregulate
must be considered, however. If the brain suffi-
ciently lowers resistance in response to the pres-
sure gradient induced by a shunt, cerebral perfu-
sion will be unchanged. Our demonstration that
shunting maintains internal carotid flow at a level
close to baseline values during carotid surgery is a
more direct representation of the effects of shunt-
ing on cerebral perfusion than pressure observa-
tions.

The relationship between preoperative stenosis
and whether shunt flow is higher or lower than
initial internal carotid flow may be important. Al-
though the difference in stenosis found between
SF > ICF™' patients and SF = ICF™ patients was
not statistically significant, the data are consistent
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with the expectation that patients with more se-
vere stenosis have lower baseline flow. Such pa-
tients may have more complete protection of cere-
“bral perfusion by shunting. Are patients with less
severe stenosis in whom shunt flow is less than
baseline flow more likely to have critically de-
creased cerebral perfusion because of the discrep-
ancy between shunt and native artery dimensions?
A confounding factor is the role of the collateral
cerebral circulation. If the severity of the stenosis
in the internal carotid artery correlates with more
diffuse cerebrovascular disease, then patients with
less stenosis may have lower shunt flow because
they have better collateral circulation. Our obser-
vation that ICF™' and %AICF differ significantly
between the SF > ICF™ and SF < ICF™' groups
suggests that preexisting stenosis may be a deter-
mining factor in hemodynamic responses to shunt
insertion, but further studies employing stump
pressure measurements to measure the pressure
gradient created by the shunt and characterize
shunt vs. intracerebral resistance will be necessary
to further elucidate these relationships.

CONCLUSION

Transit-time ultrasound instrumentation allows
accurate measurement of internal carotid and
Javid shunt flow during carotid surgery. Occlu-
sions in the shunt can be easily detected by
monitoring flow in the shunt with a clamp-on
probe. Shunt flow values are in the physiologic
range defined by internal carotid flow measure-
ments and are sufficient to maintain cerebral
perfusion.

REFERENCES

1. Boysen G. Cerebral hemodynamics in carotid surgery. Arch
Neurol Scand 1973;49(Suppl 52):3-86.

2. Lassen NA, Christiansen MD. Physiology of cerebral blood
flow. Br J Anaesth 1976,48:719-734.

3. Sundt TM, Sharbrough FW, Piepglas DG, et al. Correlation of
cerebral blood flow and electroencephalographic changes
during carotid endarterectomy. Mayo Clin Proc 1981:56:533-
543.

4 Sundt TM. Sharbrough FW, Anderson RE, et al. Cerebral
blood flow measurements and electroencephalograms dunng
carotid endarterectomy, J Neurosurg 1974;41:310-320.

5. Padayachee TS, Gosling RG, Bishop CC. et al. Monitoring
middle cerebral artery blood velocity during carotid endarter-
ectomy. Br J Surg 1986;73:98-100.

6. McDowell HA, Gross GM, Halsey JH. Carotid endarterectc
monitored with transcranial Doppler. Ann Surg 1992:21..
514-518.

7 Gee W, McDonald KM, Kaupp HH. Carotid endarterectomy
shunting: Effectiveness determined by operative ocular pneu-
moplethysmography. Arch Surg 1979;114:720-721.



Vol. 8, No. 6
1994

- Burton RG, Gorewit RC. Ultrasonic flowmeter —uses of wide

beam transit-lime technique. Med Elect 1984;15:68-73

- Mayber MR, Wilson SE, Yatsu F, et al. Carotid endarterec-

tomy and prevention of cerebral ischemia in symptomatic
carotid stenosis. JAMA 1991;266:3289-3294.

. Movius HJ, Zubar WE, Gaspar MR. et al. Carotid thrombo-

endarterectomy and results. Arch Surg 1968,94:585-590.

- Eidt JF, Kahn MB, Barone GW, et al. Malfunction of a double

balloon carotid shunt as a result of herniation of the proxi-
mal balloon. J Vasc Surg 1990;12:62-64.

. Artro AA, Strandness DE. Delayed carotid shunt occlusion

detected by encephalographic monitoring. J Clin Monit 1989:
5:119-122.

. Loftus CM, Silvidi JA, Becker JA, et al. Correlation of experi-

mental rCBF determinations in goats with flow measure-
ments from a Doppler-modified carotid artery shunt. J Ultra-
sound Med 1989;8:7-13,

. Boysen G, Ladegaard HJ, Pedersen N, et al. Cerebral blood

flow and internal carotid artery flow during cartoid surgery.
Stroke 1970;1:252-260.

. Tindall GT, Odom GL, Copp HB, et al. Studies on carotid

artery flow and pressure. Observations on 18 patients during
graded occlusion of the proximal carotid artery. J Neurosurg
1962:19:917-923.

20.

21.

22.

23.

Measurement of Jawid shunt flow 577

. Archie JP, Feldtman RW. Critical stenosis of the internal

carotid artery. Surgery 1981;89:67-70.

. Beard JD, Horrocks M. Measurement of blood flow in carotid

shunts. Surg Res Commun 1987;1:21-25

- Leopold PW, Shadall AA, Feustell P, et al. Duplex scanning of

the internal carotid artery: An assessment of cerebral blood
flow. Br J Surg 1987:74:630-633

. Fortune JB, Bock D, Kupinski AM, et al. Human cerebrovas.

cular response to oxygen and carbon dioxide as determined
by internal carotid artery duplex scanning. J Trauma 1992:
32:618-627.

Wong DH. Watson T, Gordon |, et al. Comparison of changes
in transit time ultrasound, esophageal Doppler, and ther-
modilution cardiac output after changes in preload, afterload,
and contractility in pigs. Anaesth Analg 1991:72:584-588.
Gorewil RC, Bristol DG, Aromando M, et al. Mammary blood
flow of cows measured by ultrasonic and electromagnetic
flow meter. J Dairy Sci 1984:67(Suppl):159.

Wilkening RB, Boyle DW, Meschia G. Measurement of blood
flow and oxygen consumption in the pelvic limb of the fetal
sheep. Proc Soc Exp Biol Med 1988;187:498-505.

Aufiero TX, Thiele BL, Rossi JA, et al. Hemodynamic perfor-
mance of carotid artery shunts. Am J Surg 1989;158:95-99.



	Intraoperative Measurement10
	Intraoperative Measurement 11
	Intraoperative Measurement 21
	Intraoperative Measurement 31
	Intraoperative Measurement 41
	Intraoperative Measurement 51
	Intraoperative Measurement 61

