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Digital pressure and oxygen saturation
measurements in the diagnosis of chronic
hemodialysis access-induced distal ischemia
Mohammad-Hadi S. Modaghegh, MD,a Bahman Roudsari, MD, PhD,b and Shahab Hafezi, MD,a Mashhad,
Iran; and Seattle, Wash

Objective: Hemodialysis access-induced distal ischemia (HAIDI) can be classified as acute (on the first postoperative day),
subacute (#1 month), or chronic (>1 month), based on the time of onset after access creation. The diagnosis is mainly
clinical. However, performing additional tests is beneficial in further assessment of patients. The purpose of this study was
to evaluate the use of finger pressure and oxygen saturation measurements for the diagnosis of chronic HAIDI.
Methods: A total of 20 patients with chronic HAIDI (cases) and 40 asymptomatic hemodialysis patients (controls) were
matched for age, sex, etiology of end-stage renal disease, and type of arteriovenous access. Basal digital pressure (BDP),
digital pressure during manual compression of access, digital brachial index (DBI), change in digital pressure with access
compression (CDP), digital pressure of the contralateral side, and bilateral oxygen saturation (O2 Sat) were measured in
all patients.
Results: In the case group, compression of the arteriovenous fistula (AVF) increased mean BDP from 61 6 26 to 118 6

28 mm Hg (P < .001), which failed to reach the non-AVF side mean digital pressure of 151 6 25 mm Hg (P < .001). In
addition, O2 Sat of the AVF side was significantly lower than the contralateral side (92.9% 6 2.1% vs 95.6% 6 1.4%; P [
.001). Among the controls, manual AVF compression raised the mean BDP from 114 6 36 mm Hg to 133 6 29 mm Hg
(P < .001), which was still significantly lower than the contralateral side mean digital pressure of 141 6 30 mm Hg (P [
.002). In addition, O2 Sat values of the two sides were different (96.7% 6 2.1% vs 97.1% 6 1.9%; P [ .01). Comparing
the cases and controls, the mean BDP (61 6 26 mm Hg vs 114 6 36 mm Hg; P < .001), DBI (0.44 6 0.16 vs 0.82 6
0.19; P < .001), and O2 Sat (92.9% 6 2.1% vs 96.7% 6 2.1%; P < .001) were significantly lower and CDP (57 6 24 mm
Hg vs 19 6 17 mm Hg; P < .001) was significantly higher in the cases than in the controls. The optimal discriminatory
thresholds of 80 mm Hg for BDP, 0.7 for DBI, 40 mm Hg for CDP, and 94% for O2 Sat were determined.
Conclusions: Digital pressure and O2 Sat measurements are useful additional methods to assist in the clinical evaluation of
hemodialysis patients with access-related hand ischemia. BDP <80 mm Hg, DBI <0.7, CDP >40 mm Hg, and O2

Sat <94% are associated with chronic HAIDI. (J Vasc Surg 2015;62:135-42.)
Hemodialysis access-induced distal ischemia (HAIDI),
also known as steal syndrome, is a serious complication that
occurs in 1% to 8% of hemodialysis patients with arteriove-
nous access (AVA).1,2 After the construction of an AVA,
asymptomatic retrograde flow (steal phenomenon) may
occur secondary to the arterial-venous resistance difference.3

However, this physiologic response is not necessarily
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associated with access-related hand ischemia. Further, HAIDI
may develop in the absence of blood flow reversal. Instead,
insufficient arterial remodeling in response to increased blood
flow through the AVA and arterial stenotic lesions are sug-
gested to be responsible for the pathogenesis of HAIDI.4,5

HAIDI may develop during the first 24 hours after ac-
cess placement (acute), later but within the first postoper-
ative month (subacute), or >1 month (chronic).6 The
ischemic manifestations of the chronic form of HAIDI
are relatively milder at the onset, but if ignored, it may
deteriorate and finally result in severe consequences.7

Although the diagnosis is mainly based on clinical evidence,
supplementary investigations, such as angiography,8-10 co-
lor Doppler ultrasound imaging,7,11 finger pressure mea-
surements,1,3,8,12-18 nerve conduction studies,19 and pulse
oximetry,20 have been used to predict, confirm the clinical
diagnosis, select the appropriate treatment, and monitor
the therapeutic procedures.

The clinical findings may be equivocal, making it chal-
lenging to distinguish HAIDI from other differential diagno-
ses such as neuropathy. In these circumstances, an objective
diagnostic method is needed. Excessive access flow
(>1500 mL/min), reversal of blood flow, or stenotic lesions
may be detected by color Doppler ultrasound imaging or
angiography. However, none of these findings are diagnostic
135
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Table I. Characteristics of chronic hemodialysis access-
induced distal ischemia (HAIDI) patients and
asymptomatic controls

Variablea

Chronic
HAIDI
patients
(n ¼ 20)

Asymptomatic
controls
(n ¼ 40) P

Age, years 45.6 6 15.1 48.7 6 14.1 .448
Gender
Male 13 (65) 22 (55) .459
Female 7 (35) 18 (45)

Etiology of ESRD
Diabetes mellitus 9 (45) 17 (42.5) .854
Hypertension 6 (30) 11 (27.5) .839
Other 5 (25) 12 (30.0) .685

Type of access
Proximal (brachial

artery-based)
17 (85) 33 (82.5) 1.0

Distal (radial artery-based) 3 (15) 7 (17.5)
Duration of hemodialysis,
month

34.5 6 29.3 55.6 6 57.7 .215

Current access age, month 21.5 6 21.4 32.5 6 40.6 .118
Prior AVA(s), No. 0.60 6 1.04 0.33 6 0.57 .43
Patients with previous
AVA(s)

7 (35) 11 (27.5) .55

AVA, Arteriovenous access; ESRD, end-stage renal disease.
aContinuous data are shown as mean 6 standard deviation and categoric
data as number (%).
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of HAIDI. Our hypothesis was that finger pressure measure-
ments could be a reliable assessment of distal perfusion. The
main purpose of this study was to determine the value of dig-
ital pressure and oxygen saturation (O2 Sat) measurements in
the diagnosis of chronic HAIDI.

METHODS

This case-control study was conducted during a 43-
month period, from June 2010 to December 2013, and
was approved by the Mashhad University of Medical Sci-
ences Institutional Review Board. A total of 20 clinically
diagnosed patients with chronic HAIDI (cases) and 40
asymptomatic hemodialysis patients (controls) were
matched for age, sex, etiology of end-stage renal disease,
and type of AVA. Written informed consent was obtained
from all participants. Chronic HAIDI patients were diag-
nosed based on ischemic signs and symptoms, including
cold sensation, paresthesia, numbness, hand pain, cold ex-
tremity, delayed capillary refill time, pallor or cyanosis,
weakness, ischemic ulcer, and gangrene. The clinical diag-
nosis was confirmed by partial or complete resolution of
ischemic symptoms during manual compression of the
AVA. Functioning AVAs of the controls had never been
complicated. The severity of ischemia was used to classify
HAIDI as mild (grade 1: cool extremity and mild symp-
toms without pain; no treatment needed), moderate (grade
2: ischemic pain only during dialysis; intervention some-
times needed), and severe (grade 3: ischemic pain at rest
or tissue loss; intervention mandatory).21

Basal digital pressure (BDP), digital pressure during
manual compression of access, digital brachial index
(DBI), change in digital pressure with access compression
(CDP), digital pressure of the contralateral side, and bilat-
eral O2 Sat were measured in all patients. DBI was calcu-
lated as the ratio of BDP to contralateral brachial systolic
blood pressure. CDP was defined as the difference between
digital pressure with the access manually compressed and
BDP.13 All systolic digital pressures, expressed in mm
Hg, were obtained from the third finger using the SysToe
automated portable device (Atys Medical, Soucieu-en-
Jarrest, France). An inflatable cuff was wrapped around
the proximal phalanx, and the photoplethysmographic
sensor was placed on the distal phalanx. O2 Sat of the index
finger was recorded. Because finger pressures and O2 Sat
may decrease significantly during hemodialysis,22,23 all
measurements were performed before a dialysis session.

Statistical analysis. Data are expressed as mean 6
standard deviation or as frequency and percentage. Contin-
uous variables were compared using the independent sam-
ple t-test or Mann-Whitney U test. Categoric variables
were evaluated by the c2 test or the Fisher exact test. The
paired samples t-test or Wilcoxon signed rank test were
used to compare the results of fistula side and contralateral
side measurements in the same group (cases or controls), as
well as finger pressure measurements before and during
access compression. Optimal test thresholds were deter-
mined by evaluation of receiver operating characteristic
curves. A P < .05 was considered statistically significant.
Analyses were performed using SPSS 18 software (IBM
Corp, Armonk, NY).

RESULTS

Of20patientswith chronicHAIDI, 15patients had grade
1 HAIDI, 2 patients were in grade 2, and 3 patients experi-
enced rest pain (grade 3), one of whom also had ischemic ul-
cer.Cold sensation, paresthesia, numbness, and ischemic hand
pain were reported by 17, 11, 9, and 5 patients, respectively.
Cold extremity, delayed capillary refill time, pallor or cyanosis,
weakness, and ischemic ulcer were found in 16, 14, 12, 3, and
1 patient, respectively. No gangrene was found. The 20 pa-
tients with chronic HAIDI had an autogenous arteriovenous
fistula (AVF). As summarized in Table I, the characteristics of
cases and controls were not significantly different.

In the case group, the mean BDP increased by manual
AVF compression from 61 6 26 mm Hg to 118 6 28 mm
Hg (P < .001). However, this improved pressure did not
reach the mean contralateral digital pressure (118 6
28 mm Hg vs 151 6 25 mm Hg; P < .001). Also, O2

Sat of the AVF side was lower than the non-AVF side
(92.9% 6 2.1% vs 95.6% 6 1.4%; P ¼ .001). In the control
group, the mean digital pressure during manual compres-
sion of AVF was significantly higher than BDP (133 6
29 mm Hg vs 114 6 36 mm Hg; P < .001) but was still
lower than digital pressure of the contralateral side
(133 6 29 mm Hg vs 141 6 30 mm Hg; P ¼ .002).
Also, there was a clinically negligible but statistically signif-
icant difference between O2 Sat of the two sides (96.7% 6
2.1% vs 97.1% 6 1.9 %; P ¼ .01).



Table II. Finger pressures and oxygen saturation (O2 Sat) in chronic hemodialysis access-induced distal ischemia
(HAIDI) patients and asymptomatic controls

Variablea Chronic HAIDI patients (n ¼ 20) Asymptomatic controls (n ¼ 40) P

BDP, mm Hg 61 6 26 (24-110) 114 6 36 (49-180) <.001
DBI 0.44 6 0.16 (0.20-0.69) 0.82 6 0.19 (0.41-1.09) <.001
CDP, mm Hg 57 6 24 (10-109) 19 6 17 (0-65) <.001
O2 Sat, % 92.9 6 2.1 (87-96) 96.7 6 2.1 (89-99) <.001

BDP, Basal digital pressure; CDP, change in digital pressure with access compression; DBI, digital brachial index.
aContinuous data are shown as mean 6 standard deviation (range).

Fig 1. Sensitivity (black line) and specificity (gray line) of different
basal digital pressure (BDP) thresholds.

Fig 2. Sensitivity (black line) and specificity (gray line) of different
digital brachial index (DBI) thresholds.

Fig 3. Sensitivity (black line) and specificity (gray line) of different
change in digital pressure with access compression (CDP)
thresholds.

JOURNAL OF VASCULAR SURGERY
Volume 62, Number 1 Modaghegh et al 137
Comparing the cases and controls, the mean BDP,
DBI, and O2 Sat were significantly lower and the mean
CDP was significantly higher in the cases than in the controls
(Table II). However, digital pressures with the AVF manu-
ally compressed did not differ significantly (cases: 118 6
28 mm Hg vs controls: 133 6 29 mm Hg; P ¼ .065) nor
did DBI with the AVF compression (cases: 0.88 6 0.21 vs
controls: 0.976 0.14; P¼ .059). Also, non-AVF side digital
pressures were not significantly different in cases (151 6
25 mmHg) vs controls (1416 30 mmHg; P ¼ .214). Sur-
prisingly, a statistically significant difference was found in O2

Sat of the non-AVF side between cases (95.6%6 1.4 %) and
controls (97.1% 6 1.9 %; P ¼ .002).

The best discriminatory thresholds were 80 mm Hg
(sensitivity, 80%; specificity, 85%) for BDP, 0.7 (sensitivity,
100%; specificity, 72.5%) for DBI, 40 mm Hg (sensitivity
80%, specificity 85%) for CDP, and 94% (sensitivity 80%,
specificity 92.5%) for O2 Sat. The sensitivity and specificity
of the different BDP, DBI, and CDP thresholds are shown
in Figs 1-3, respectively.

Nineteen patients (95%) were available for follow-up.
Eleven patients (grade 1) were medically managed by con-
servative measures and close follow-up until complete reso-
lution of symptoms, kidney transplantation, or death.7

Ligation was performed in 7 patients, including 1 patient
with grade 1 HAIDI, whose symptoms deteriorated over
time, 2 patients with moderate ischemia (grade 2), another
2 with grade 3 HAIDI, and an additional 2 patients,
diagnosed as grade 1, who refused to undergo timely
intervention and eventually progressed to grade 3 (1
ischemic ulcer, 1 gangrene). Bandingwith ligation of venous
side branches was done in one patient (grade 3), in whom
the preoperative DBI of 0.2 increased to 1.04 postopera-
tively. Ischemic symptoms resolved in the eight patients
who underwent surgical management. This was expected,
because all of them were treated by ligation, except one.

DISCUSSION

The diagnosis of HAIDI is mainly clinical. Patients
complain of various symptoms, based on severity of



Table III. Advantages and disadvantages of additional tests for evaluation of hemodialysis access-induced distal ischemia
(HAIDI)

Test Advantage Disadvantage

FP measurements Noninvasive, easily obtainable, objective,
reproducible

Provides no anatomic information to determine
etiology or localize lesion

Useful in documentation of patient follow-up and
intraoperative monitoring

Pulse oximetry Simple, noninvasive, rapid Limited accuracy and reliability; affected by many
factors, such as patient movements,
environment temperature, history of smoking,
presence of cardiopulmonary disease, systemic
hypotension, or local vasoconstriction

EMG-NCV Useful to assess sensory and motor deficits Incapable of evaluating tissue perfusion and blood
flowBeneficial in differential diagnosis (eg,

neuropathies, IMN, CTS)
Color Doppler ultrasound Noninvasive, repeatable Operator dependent

Demonstrates flow direction, and size of
anastomosis

May fail to identify proximal arterial stenosis

Measures access flow
Allows viewing of calcified vessels and stenotic
lesions

Angiography Provides direct visualization of arteries and veins Invasive
Reveals arterial inflow lesions and distal arterial
stenosis

Involves radiation exposure
Unable to measure access flow

Valuable in preoperative evaluation to select a
treatment strategy

CTS, Carpal tunnel syndrome; EMG-NCV, electromyography-nerve conduction velocity; FP, finger pressure; IMN, ischemic monomelic neuropathy.
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ischemia, ranging from coolness to altered sensation or
ischemic pain. Physical examination may reveal cold ex-
tremity, pallor, delayed capillary refill time, sensory-motor
dysfunction, and ultimately, ischemic ulcer or gangrene.
To confirm the clinical diagnosis, temporary access occlu-
sion by manual compression can be used. This will improve
distal perfusion and relieve symptoms temporarily.

In addition, supplementary investigations may be per-
formed, including digital pressure measurement, pulse ox-
imetry, electromyography and nerve conduction studies,
color Doppler ultrasound imaging, and angiography.
These additional tests can be beneficial in the differential
diagnosis, determining the etiologic mechanism and site
of lesion, following up mild patients for progression of
ischemia, selecting a treatment strategy, and monitoring
the therapeutic intervention intraoperatively. All of these
tests have advantages and disadvantages (Table III); there-
fore, performing all of them is usually unnecessary. A care-
ful history taking and thorough physical examination help
to decide which test to use.

We propose that finger pressure measurement can be
used for the following purposes:

1. As a screening tool in asymptomatic hemodialysis pa-
tients with AVA. Further evaluation will be required
if the measured values are below thresholds. This can
prevent developing severe access-related hand
ischemia. However, its cost-effectiveness should be
verified by further studies.

2. As an adjunctive diagnostic investigation to confirm
the diagnosis in suspected patients for HAIDI. It is
recommended that an equivocal clinical picture
should be presumed to be ischemic in etiology until
proven otherwise. However, measuring finger pres-
sure can help in clinical judgment and decision
making.

3. As a practical method to monitor patients with grade
1 HAIDI or those in grade 2 with finger pressures
above the thresholds.

4. As a monitoring tool to guide the flow-limiting
banding procedure intraoperatively. Fig 4 illustrates
our suggested approach to the diagnosis and
management of HAIDI using digital pressure
measurements.

Most of the chronic HAIDI patients in this study had
mild hand ischemia (grade 1). As a result, mean values of
BDP and DBI in the cases are higher compared with
some other studies. In fact, it should be taken into account
that the results of finger pressure measurements depend on
several determinants, such as inclusion criteria, characteris-
tics of patient population, severity of hand ischemia, study
design, randomization or matching process, and even
which finger is used to obtain pressures from. Table IV
summarizes the design, methods, and results of previously
published studies on the use of digital pressure measure-
ments in patients with HAIDI.

Chronic or late-onset HAIDI is more common in pa-
tients with native AVF.24 Scheltinga et al,6 in their review
of 21 studies including 464 patients with HAIDI, indicated
that the chronic form of HAIDI was associated with prox-
imal autogenous AVF. Similarly, all of our studied chronic



Fig 4. Algorithm for diagnosis and management of hemodialysis access-induced distal ischemia (HAIDI). DRAL,
Distal radial artery ligation; DRIL, distal revascularization-interval ligation; EMG-NCV, electromyography-nerve
conduction velocity; PAI, proximalization of arterial inflow; PTA, percutaneous transluminal angioplasty; RUDI,
revision using distal inflow; Rx, treatment.
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Table IV. Overview of finger pressure measurement in hemodialysis access-induced distal ischemia (HAIDI) patients

Study, year Design and methods Results

Schanzer,13 2006 Case-control
BDP, DBI, and CDP were measured in 15 patients

with AVA-induced hand ischemia and 25
consecutively identified asymptomatic patients.

Mean BDP: 30 (cases) vs 102 (controls), P < .001;
BDP threshold: 60 mm Hg.

Mean DBI: 0.3 (cases) vs 0.8 (controls), P < .001;
DBI threshold: 0.4.

Mean CDP: 85 (cases) vs 40 (controls), P < .001.
Goff,12 2000 a) Retrospective

31 patients with steal syndrome requiring ligation or
revision and 24 asymptomatic controls were
studied. Postoperative DBI with AVF open and
temporarily occluded was measured.

a) Mean DBI with open AVF: 0.34 (steal) vs 0.71
(controls), P < .001.

Mean DBI with AVF occluded: 0.78 (steal) vs 0.90
(controls), P < .04.

DBI <0.6 is the most sensitive value in identifying
patients at risk for the development of steal
syndrome (sensitivity: 100%, specificity: 63%).

b) Prospective
Intraoperative DBI measurements was performed

with AVF open and occluded in 109 patients who
were followed up for the development of steal
syndrome within the first postoperative month after
AVA construction.

b) Six patients developed steal syndrome.
Mean intraoperative DBI: 0.44 (patients who
subsequently developed steal) vs 0.74
(asymptomatic group), P < .001.

Mean intraoperative DBI with AVF occluded: 0.95
(steal) vs 1.01 (asymptomatic), P > .1.

DBI threshold: 0.6 (sensitivity: 100%, specificity:
59%).

Intraoperative DBI >0.6 should be achieved when
revision is indicated.

Vaes,15 2013 Case-control
FP and DBI were measured with and without AVF

compression in 10 patients with HAIDI requiring
invasive revision (grade 2b-4) and 10 controls
without ischemia.

Mean FP (open AVF): 22 (HAIDI) vs 102 (controls),
P < .01.

Mean DBI (open AVF): 0.18 (HAIDI) vs 0.70
(controls), P < .01.

Median FP (compressed AVF): 90 (HAIDI) vs 126
(controls), P ¼ .12.

Median DBI (compressed AVF): 0.57 (HAIDI) vs
0.93 (controls), P ¼ .16.

Access compression only partially restored digital
perfusion in HAIDI group.

Valentine,8 2002 Prospective cohort
Preoperative and postoperative FP and DBI were

recorded in 72 patients who underwent brachial
artery-based access. All patients were followed up
for the development of steal syndrome.

14 patients developed steal syndrome.
Mean preoperative FP: 131 (steal) vs 151 (no steal),
P < .03.

Mean preoperative DBI: 0.93 (steal) vs 1.0 (no steal),
P ¼ .08.

Mean postoperative FP: 29 (steal) vs 110 (no steal).
Patients with DBI <1 are more likely to develop steal
syndrome, but there is no threshold below which
steal is inevitable.

Tynan-Cuisinier,14

2006
Prospective cohort
Intraoperative DBI was measured in 100 patients with

new AVA constructions. Patients were monitored
for the development of steal syndrome.

17 patients developed steal, 6 of whom required
revascularization.

Mean intraoperative DBI: 0.47 (steal) vs 0.62
(symptom-free), P ¼ .027.

DBI threshold: 0.45 (sensitivity: 80%, specificity:
70%).

van Hoek,18 2006 In 14 steal patients, FP of AVF-side (with open and
closed AVF) and contralateral side were measured.

Mean FP: 106 (AVF-side) vs 155 (contralateral), P <
.001.

Mean FP increased from 106 with open AVF to 154
with closed AVF.

Papasavas,16 2003 Prospective cohort
DBI was measured in 35 patients requiring new AVA,

preoperatively, early postoperatively (on the day of
surgery), and 1 month after access placement. All
patients were followed up for the development of
steal, 1 year after access creation.

6 patients developed steal syndrome.
Mean preoperative DBI: 0.8 (steal) vs 0.9
(asymptomatic), P ¼ .36.

Mean early post-operative DBI: 0.4 (steal) vs 0.7
(asymptomatic), P < .001.

Early postoperative DBI decreased no further after
1 month.

Early postoperative DBI threshold of 0.6 can predict
patients at risk for development of steal (sensitivity:
100%, specificity: 76%).

Odland,1 1991 Of 27 patients with steal, 16 underwent graft
narrowing under guidance of intraoperative digital
PPG to achieve a digital BP of 50 mm Hg and
DBI >0.6.

Ischemic symptoms either resolved or improved in all
16 patients. Ten patients had graft function for
more than 6 months.

(Continued on next page)
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Table IV. Continued.

Study, year Design and methods Results

Duncan,3 1986 Cross-sectional
24 fistulas were studied in 23 patients, one of whom

had steal syndrome. Thumb-arm or thumb-brachial
ratio was recorded.

Median thumb/arm ratio of 0.61 increased to 0.89
with radial artery occlusion (P < .001), and
normalized when fistula was occluded (0.61 vs
1.03, P < .0001).

Radial steal phenomenon occurs in most patients with
Brescia fistulas, but in only a small number of these
patients do symptoms of arterial insufficiency
develop.

AVA, Arteriovenous access; AVF, arteriovenous fistula; BDP, basal digital pressure; BP, blood pressure; CDP, change in digital pressure with access
compression; DBI, digital brachial index; FP, finger pressure; HAIDI, hemodialysis access-induced distal ischemia; PPG, photoplethysmography.
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HAIDI patients had autogenous AVF, 85% of which were
proximal (n ¼ 17).

Finger pressures increased during temporary compres-
sion of the AVF in all patients except one of the controls.
Low resistance in the venous system augments the fistula
flow and may even induce shunting or reversal of blood
flow, known as physiologic stea1.25 Manual occlusion of
the AVF may reduce shunting, reverse retrograde flow,
and improve distal perfusion.13 A previously published
study by van Hoek et al18 found that manual compression
of AVF raised the mean BDP from 106 to 154 mm Hg,
similar to the mean pressure of the non-AVF side
(155 mm Hg). In contrast, Vaes et al15 reported that access
compression only partially restored finger pressure,
increasing the median DBI from 0 to 0.57. In our study,
the mean digital pressure increased from 61 to 118 mm
Hg in our cases and from 114 to 133 mm Hg in the con-
trols, failing to reach the contralateral sides, 151 mm Hg in
the cases and 141 mm Hg in the controls. Among the
asymptomatic control patients, BDP and O2 Sat were lower
on the AVF side than on the contralateral side (BDP: 1146
36 vs 141 6 30 mm Hg; P < .001; O2 Sat: 96.7% 6 2.1%
vs 97.1% 6 1.9 %; P ¼ .01). This indicates that AVF con-
struction may reduce distal perfusion, digital pressure, and
O2 Sat considerably. In comparison, a previous study re-
ported a significant reduction of distal arterial pressure after
the creation of an AVF; however, no significant change was
observed in O2 Sat.

26 Also, we found a difference in O2 Sat
of the two sides in the case group (92.9% 6 2.1% vs
95.6% 6 1.4 %; P ¼ .001). Halevy et al20 described five pa-
tients with steal syndrome, in whom O2 Sat increased from
a median of 50% (range, 42%-63%) to 98% (range, 80%-
100%) by therapeutic intervention. However, this study
was limited by small sample size and lack of a control group.
Also, van Hoek et al18 documented a mean O2 Sat of 97.3%
on the AVF side and 96.9% on the contralateral side (P ¼
.29) in 14 steal patients.

Although the DBI threshold of 0.6 had an equal sensi-
tivity and specificity of 80% (Fig 2), our optimal test
threshold was 0.7 (sensitivity, 100%; specificity, 72.5%).
The DBI discriminatory thresholds of 0.4 to 0.6 have
been proposed,12-14 which are similar to our results. Our
suggested thresholds were determined by evaluating
receiver operating characteristic curves. However, a more
sensitive or specific threshold may be applied, based on
the clinician’s purpose and preferences. Interestingly, all
of our chronic HAIDI patients had a DBI of <0.7, whereas
all of the controls had a DBI of >0.4. Consequently, sensi-
tivity and specificity of 100% can be achieved by applying
cutoff thresholds of 0.7 and 0.4, respectively. The most
sensitive and specific thresholds for BDP and CDP are
also presented in Figs 1 and 3, respectively. However, ac-
cording to our limited sample size, the thresholds with
sensitivity or specificity of 100% should be interpreted care-
fully and applied with caution in the clinical practice.

CDP, indicating steal phenomenon, was discriminative
in our study. This is not surprising, because we included
chronic HAIDI patients with resolution of symptoms dur-
ing access compression. CDP, like BDP, depends on the
brachial systolic blood pressure. Therefore, we suggest
the difference between DBI with the AVF manually com-
pressed and DBI with open AVF. This parameter is equiv-
alent to the ratio of CDP to contralateral brachial systolic
blood pressure. As expected, this variable was significantly
lower in our controls (0.14 6 0.13) vs our cases (0.43 6
0.20; P < .001).

As a limitation of our study, we measured finger pres-
sures and O2 Sats in patients who had been previously diag-
nosed based on clinical signs and symptoms. Therefore, our
results should be considered as a supplement, but not sub-
stitute, for a clinical examination. In addition, according to
our study design, preoperative and intraoperative digital
pressures were not measured. Although the intraoperative
DBI has been demonstrated to decrease no further within
the first postoperative month,16 changes beyond this
period have not been studied. Therefore, our suggested
thresholds cannot be used to predict the development of
chronic HAIDI.

Pulse oximetry reading, affected by various factors, is
not necessarily indicative of tissue perfusion (Table III).
Despite being clinically negligible, our analyses have shown
statistically significant differences in O2 Sat between the
two sides within a group of patients or the cases and con-
trols. Some of these unexpected differences may be a result
of limited value, validity, and reliability of pulse oximetry
for the evaluation of distal ischemia.
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CONCLUSIONS

Finger pressure measurements and pulse oximetry can
be used as additional methods to assist in the clinical assess-
ment of hemodialysis patients with access-related hand
ischemia. BDP of <80 mm Hg, DBI of <0.7, CDP of
>40 mm Hg, and O2 Sat of <94% are associated with
chronic HAIDI. Further prospective cohort studies are
required to determine the usefulness of application of pre-
operative and intraoperative digital pressure and O2 Sat
measurements for prediction of the chronic form of HAIDI
and guiding the surgical correction.
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