J Am Soc Nephrol 12: 1729-1733, 2001

Screening for Subclinical Stenosis in Native Vessel
Arteriovenous Fistulae

MARCELLO TONELLI,*" KAILASH JINDAL,* " DAVID HIRSCH,*"

SANDRA TAYLOR," CHRISTOPHER KANE' and SUSAN HENBREY,
*Department of Medicine, Dalhousie University, af@ueen Elizabeth Il Health Sciences Centre, Halifax,
Nova Scotia, Canada.

Abstract.Guidelines recommend the use of ultrasound dilutidmad stenosis. Only two patients (40%) wiiQ, > 20% but
techniques (UDT), including measurement of access recird@; > 500 ml/min had stenosis. No patient with AR5% had
lation (AR) and access blood flow (§ to screen for subclin- stenosis unless Qvas also<500 ml/min. Immediate patency
ical vascular access dysfunction. Although these techniques a2 was 93% post-PTA. Mean,@hcreased from 303 154
efficacious in polytetrafluoroethylene grafts, data in nativeal/min to 602 = 220 ml/min (P < 0.0001), and mean urea
vessel arteriovenous fistulae (AVF) are lacking. A prospectiveduction ratio increased from 704 8.4% to 74.6*= 6.5%
observational study was conducted to evaluate the utility (8 = 0.003) post-PTA. The results demonstrate that UDT
UDT screening in AVF. Qand AR were measured bimonthly.could detect subclinical stenoses in AVF, and most lesions
Positive studies required fistulograms and were defined py @ere amenable to angioplasty. AVF that underwent PTA de-
< 500 ml/min, AQ, > 20% from baseline or AR> 5%. livered higher Q and urea reduction ratio, and immediate
Accesses with stenosis underwent percutaneous angioplagatency rates were acceptable. Access failure after negative
After 1 yr, there were 1355 mo of follow-up in 177 patientsUDT was unusual. Measuring AR increases the time required
There were 44 positive studies in 40 patientg.véais <500 to perform UDT but does not improve utility. Serial measure-
ml/min in 36 (82%),AQ, was>20% in 5 (11%), and AR was ments of Q alone may be the best strategy for screening AVF.
>5% in 6 (14%). Of patients with Q< 500 ml/min, 29 (81%)

Vascular access dysfunction is a major cause of morbidity inEvidence suggests that low,@nd high AR both are asso-
hemodialysis patients. There has been considerable interestiaied with access failure. However, because AR would not be
screening programs to detect and correct subclinical stenosigpected to occur except at very low values gf (@2), it is
with a view to preventing access failure (1,2). A variety ofinclear whether AR is of any incremental value compared with
methods for screening for subclinical access dysfunction &g alone. In addition, performance of UDT requires the pres-
available. UDT have been shown to measure accurately vasce of a single venous segment of at least 4 cm in length. It
cular access blood flow ( and access recirculation (AR),is not known what proportion of patients with functional fis-
both of which can be used to detect access dysfunction (3-b)lae meet this requirement.
Previous studies showed that low, @& predictive of both  There were three objectives for the current study. The first
access stenosis and thrombosis, but much of this work waas to test the clinical utility of UDT in detecting subclinical
done with polytetrafluoroethylene grafts, which may diffeaccess stenosis in patients with native vessel AVF and specif-
substantially from native vessel fistulae (6—9). Recently puizally to evaluate the performance of the published guidelines.
lished Canadian guidelines recommend regular bimonthlthe second was to compare the clinical utility of ghd AR
screening of native vessel arteriovenous fistulae (AVF), usimgeasurements in this regard. We hypothesized that measure-
UDT to measure both Qand AR. These guidelines suggesinent of AR would not result in improved diagnostic accuracy
that Q < 500 ml/min or a fall in Q (AQ,) > 20% from compared with Qalone. The third objective was to determine
baseline or AR> 5% be investigated with angiography (10)the proportion of patients whose fistulae were anatomically
which is similar to the recommendations of the National Kidsuitable for the use of UDT.
ney Foundation Dialysis Outcomes Quality Initiative (11). The
value of implementing these recommendations is unprovedMaterials and Methods
Patient Characteristics

All prevalent chronic hemodialysis patients at the Queen Elizabeth

Received November 29, 2000. Accepted January 17, 2001. Health Sciences Center with a functioning native vessel AVF during

Correspondence to Dr. Kailash Jindal, Room 5076, Dickson Building, 581@9_ study period were included. There were 185 _e|i9ib|e pfitien_t&
University Avenue, Halifax, Nova Scotia, B3H 1V8, Canada. Phone: 902-47®hich was approximately 70% of our total chronic hemodialysis

2262; Fax: 902-473-2675; E-mail: kjindal@is.dal.ca population. Patient demographic information was collected by re-
1046-6673/1208-1729 search assistants and study nurses. Incident patients were added to the
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their event. Patients were dialyzed according to their usual prescrfResults

tion during the study. Blood pump speeds,J@ere set as high as  Ejght of 185 patients (4.3%) did not have a venous segment

venous pressures would allow, and fistulae were cannulated wgp sufficient length to be studied and were excluded from
15-gauge needles whenever possible. Urea reduction ratio (URR} IS

. L ; ) urther analysis. There were 1355 patient-months of follow-up
calculated monthly in our unit using standard techniques. KtAis . i . .
not routinely calculated. in the 177 remaining patients. Mean patient age was 65.9
14.9 yr, and 51.1% were male. A history of diabetes mellitus
. was present in 40.0%, and 53.4% had a history of vascular
Study Design disease

This was a prospective observational cohort study. We begaln . . :
) i : > . . - Analysis of the first 100 paired measurements gis@owed
screening patients with functioning native vessel fistulae in October, . o L . ) -
ngh degree of reproducibility within a given dialysis treat-

1999 as per published guidelines. Screening studies were perforrﬁ'e

bimonthly with a Transonic HDO1 monitor (Ithaca, NY) using indi-rnent (r=0.98,P < 0.0001). Using the definitions above,

cator dilution technology whereby the ultrasound velocity througi€re were 44 positive studies in 40 patients (22.6% of the
blood is the indicator and dilution is provided by the bolus of norm#lohort). Q was <500 ml/min in 36 (82%)AQ, was>20% in
saline. The validation of this device has been described elsewhBr¢11%), and AR was>5% in 6 (14%). Some patients had a
(3,5). All studies were performed by a dedicated team of nurses as gassitive study by more than one criterion.

of routine clinical care; the results were reviewed by a vascular access positive study led to a change of needle placement in one
team composed of nephrologists and dialysis nurses. Each patient Bgﬂem; subsequent studies with needle position optimized
Q. measured twice in succession during the same dialysis treatmpsrp]t(awed greatly improved Qand angiography was not per

and the average value was recorded. AR was measured once f Ined. The remaining 43 positive studies were investigated
repeated if the first value was not 0. All measurements of AR we g : 9 P 9

performed using the Transonic device rather than urea recirculatioy, an_g'()graphy_’_ and 31 (72%) were found to have angio-
Studies were not performed during the last hour of hemodialysis @faphically significant stenoses. There were 22 stenoses (71%)
during periods of clinically significant hypotension (at the discretiowithin 2 cm of the anastomosis, 12 peripheral stenoses (39%)
of the dialysis unit nurses). that were>2 cm distal to the anastomosis, and 3 central

The value of Q indicating that angiography was required (thestenoses (10%) detected. Some patients had more than one site
“threshold value”) was set at 500 ml/min as per published guideling$ stenosis.

(10). A fall of Q, in excess of 20% from baseline (AQ 20%) and  Tyenty-five of 31 patients (81%) with stenosis had a suc-

the presence of AR~ 5% also were indications to perform angiog- gy fistuloplasty. One patient with stenosis died, and three

raphy. The attending nephrologist was not routinely notified of the . . . . .
results of UDT studies: angiography was ordered by the vascu%her fistulae with stenosis failed before angioplasty could be

access team when the specified criteria were met. Patients for whBR{formed (mean Q 250 = 35 mli/min; all were<300 ml/

the attending nephrologist had ordered a fistulogram because@f)- In the remaining two accesses, angioplasty was unsuc-

clinically suspected access dysfunctiae ( for any reason except for cessful; one of these patients required insertion of a temporary

UDT data) were excluded, as the focus of this analysis was on cagéalysis catheter as the fistula was no longer usable. The other

of subclinical stenosis detected only by screening. access continued to be used for dialysis, but neither the calibre
Fistula stenosis was defined by-#50% reduction in vessel diam- of the vessel nor Qimproved postprocedure. Four of the 25

eter (11) as reported by the attending radiologist. Successful angipgients required additional interventions to maintain fistula

plasty was defined as an increase in vessel diameter postprocedur g‘flénc The secondary patency rate for the 27 patients in
reported by the radiologist) in a fistula that could be used for dialys‘iE Y. y b y p

P _ e L , whom fistuloplasty was attempted was 78.6% at 6 mo. No
atency was defined as suitability for clinical use; secondary pateglfg/ . . . . .
included fistulae that had required multiple percutaneous interv stula was _IOSt du”_ng diagnostic _anglography. Defining suc-
tions. Immediate and secondary patency were defined as per publishggsful angioplasty in terms of an increase iyr&her than by
guidelines (13). Follow-up continued for 12 mo after the implemer@ngiographic appearance did not significantly change our re-
tation of the screening program. Pre- and postprocedure values, forsilts, as 23 of 25 patients with an increased fistula diameter on
and URR were defined by the routine measurements immediatelygiography also had increaseg dstprocedure.
preceding and following the intervention. Because routine studiesExcluding the patient whose access failed postprocedure,
were performed bimonthly, the interval between measurement ofaqn Qincreased from 303 154 ml/min preangioplasty to
these parameters and performance of angioplasty was never more %@Q + 220 ml/min postangioplastyP(< 0.0001). Mean URR
2 mo and often was substantially shorter. .
also increased from 704 8.4% preprocedure to 746 6.5%
o postprocedure (P= 0.003). There were no changes in dialysis
Statistical Analyses prescription postprocedure, and meagpv@as not recorded.
Positive predictive value (PPV) and negative predictive value Of patients with Q < 500 ml/min, 29 of 36 (81%) had
(NPV) were calculated using standard formulas. Paired two-sidedianosis on angiogram, and 24 (83%) had successful angio-
tests were performed on pre- and postprocedure values fan@ lasty. Only two of five patients (40%) withQ, of >20% (but
URR. The sample correlation coefficient (r) was calculated for paiPs : . . a= ] .
Iy whom Q, > 500 ml/min) had stenosis on angiography; both

of Q, measurements as an index of reproducibility within a given ", . . .
treatment. The level of statistical significance was seP at 0.05. lesions were amenable to angioplasty. Neither of two patients

Results are expressed as meanSD or as percentages. StatisticalVith AR > 5% and Q > 500 ml/min had Ste_nosis, but four of
analysis was performed using the Statistica software package (Stath@ftr with AR > 5% and Q < 500 ml/min had stenoses
Inc., Tulsa, OK). amenable to angioplasty. No patient had AR% but>0%.
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In three patients, Qcould not be measured despite a singleave lesions that were potentially amenable to angioplasty; mean
venous segment and AR 0%. All three underwent angiographyQ, and dialysis delivery were significantly improved after inter
and were found to have stenoses amenable to fistuloplasty. vention. Furthermore, immediate and secondary patency rates

Twelve patients had positive screening studies but negatiaier angioplasty were acceptable as compared with published
angiograms. Seven such patients hgd<®00 ml/min. Two of recommendations (11) and case series (14, 15). Despite the vari-
these had needle placement optimized once their anatomy w&hie anatomy of native vessel AVF, most (96%) accesses had a
clarified, with subsequent improvement in,.Qrhree other single venous segment of sufficient length to be studied.
patients had small-calibre vessels rather than stenosis, and e found that Q< 500 ml/min has a high PPV for stenosis,
the remaining two patients, no explanation for the false-posihich is similar to other work done in native vessel fistulae (6).
tive screening study could be identified. Two patients witBiagnostic performance was not improved by measuring AR,
negative angiograms had AR 5% and Q > 500 ml/min; one which is not surprising because significant AR would not be
had needling optimized after angiography, with resolution @xpected when Qs >500 ml/min (12,16). In addition, several
AR, and in the other, no explanation was found (AR was nevpatients did not have detectable AR despite very lawl@all
detected subsequently in the access). Three patients with negses, this occurred in association with an intra-access stenosis
ative angiography had Q> 500 ml/min, no AR, and\Q, > (between the needles used to cannulate the fistula), which
20%. We could not detect a cause for the fall ipdDserved in explains the absence of detectable recirculation. Thus, AR does
these patients, and subsequepnh@asurements were stable onot occur until Qs significantly reduced and is not acceptably
improved. sensitive even at very low QIn addition, measuring AR as

Sensitivity, specificity, and true NPV could not be calcuwell as Q significantly increases the time required to perform
lated, because not all fistulae underwent angiography. HoWbT. Because the labor costs of UDT may be reduced if they
ever, among the 109 accesses in which UDT were negati@n be performed more quickly, we suggest that onlyb®
during the first 6 mo of the study, only 2 subsequently failedsed to screen for subclinical access dysfunction in AVF.
during the follow-up period. Mean duration of follow-up in A threshold value of @ < 500 ml/min was used in our
these 109 fistulae was 9.7 mo. Therefore, the NPV of UDT fatudy, as recommended by published guidelines. All three
access failure in this setting is approximately 98% (107 of 108fcesses that failed before fistuloplasty could be performed had
at 10 mo. Q, < 300 ml/min. Because PPV increases with reductions in

The sensitivity and specificity of UDT for stenosis can béhe threshold value for Qit is possible that a threshold value
estimated by assuming that all fistulae that had negative UDT 400 ml/min might allow increased PPV without unduly
and did not fail during the study period would have hadacrificing NPV. Our data are insufficient to make such a
negative angiograms. On this basis, the three criteria for pegeeommendation, and this issue deserves further study.
itive UDT had a combined sensitivity of 94% (31 of 33) and Seven of 36 patients (19%) had, @ 500 ml/min but no
combined specificity of 92% (135 of 147). Given the studgtenosis on angiogram. In most cases, this was due to needling
design, it was not meaningful to perform receiver operatirtgchnique or small native vessels. Other theoretical explana-
curve analysis to find the Qwith optimal sensitivity and tions for this phenomenon include congestive heart failure,
specificity for stenosis. As shown in Table 1, lowering thg Qarterial insufficiency in the ipsilateral extremity, operator error,
threshold at which angiography was performed would haws technical measurement error. We were not able to implicate
improved PPV. However, it is unclear what effect (if any) thisonclusively any of these factors in our patients.

would have had on NPV. In our study, theAQ, parameter was associated with a lower
. . PPV than Q alone. Because Qnay vary up to 10% within a
Discussion single treatment (17), a difference of 20% between screening

To our knowledge, this is the largest study of native vessaudies may be insufficiently specific for stenosis. We did not
AVF that has been conducted. This prospective study shows thatform UDT during the last hour of dialysis treatments or
UDT are useful for the detection of subclinical stenosis in natiduring hypotensive episodes, which are associated with in-
vessel AVF. Twenty-seven of 177 patients studied were founddmeased variability in Q Although others found that decre
ments in Q were strongly associated with access failure
(18,19), the great majority of accesses studied were polytetra-
fluoroethylene grafts, and the applicability of this finding to

Table 1. Changes in PPV with varying threshold values AVE is unclear.

a
of Qa No screening for subclinical access dysfunction was per-
Threshold Value Positive PPV formed in our unit before this study. This may have resulted in
Studies a larger proportion of severe stenoses among the detected
. o cases, which would be expected to improve the PPV of Q
25188 m:;m:g gggg gé;; compar_ed withAQ,, There_fore, further wor!< shpuld be done to
<300 ml/min 14/15 93% dgtermlne the .role oiQa, mcludmg determination of the value
<200 mi/min 7/7 100% with optimal diagnostic properties.

Because our study was uncontrolled, we are unable to assess
a2PPV, positive predictive value; Qaccess blood flow. the impact of screening on fistula survival. Although an im-
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provement in Q and in the degree of stenosis was demory UDT screening permitted higher,@nd improved dialysis
strated in most patients who underwent angiography, we didlivery. Performing angiography when, @as <500 ml/min or
not perform follow-up angiograms to rule out recurrent stengeuld not be measured was associated with a high PPV, although
sis or vessel recoil. It is of note that 3 of 31 accesses that wéie ideal threshold value for @emains unknown. Because rea
found to have stenosis failed before angioplasty could Isaring AR did not improve utility and is time consuming, we
performed, suggesting that the likelihood of access thrombosigygest that AR not be used routinely to screen for access dys-
in patients with Q < 500 ml/min is high. This is in agreementfunction in native vessel AVF. Additional work should be done to
with the available literature, including a previous cohort ofonfirm the diagnostic importance of decrements na@d the
native vessel fistulae (6-9,20). optimal screening frequency in this population.

Low Q, may be a clue to improper needle placement in the
absence of access stenosis. In our cohort, 3 of 12 “fali\
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