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Abbreviations

AU: arbitrary units; COPD: chronic obstructive pulmonary
disease; CVD: cerebrovascular disease; HD: haemodialysis; HAIDI:
haemodialysis access-induced distal ischemia; ICG: indocyanine
green; IHD: ischemic heart disease; MVQOLI: 15-Missoula-VITAS
quality of life index-15; PG: prostaglandin; QoL: quality of life;
ROI: region of interest; SD: standard deviation; TX: thromboxane

Introduction

Haemodialysis access-induced distal ischemia (HAIDI) is
commonly described after vascular access placement and can
be attribute to the concern of blood flow restriction, the excess
of blood flow through the fistula and to the lack of arterial

adaptation or collateral flow reserve [1]. Many authors underlined
the role of reversed blood flow direction in forearm arteries
[2,3] but this evidence has been downsized [4]. More recently,
literature has stressed the role of loco regional hypotension
resulting from pressure drop due to progressive arterial stiffening
associate to arteriovenous anastomotic turbulence [2,3,5,6]. Up
to 5% of dialysis patients require invasive treatment for severe
HAIDI, usually 1-2 years after arteriovenous fistula creation [7].
Authors experience with analogue of prostaglandins (PG) for the
treatment of lower limbs ischemia has addressed the attention
on arteriolar peripheral district resistance and collateral pathway
role in balancing ischemic situation. Aim of the present paper is
to describe our Centre experience with PG in HIDI management.
lloprost and misoprostol were tested. They are two stable
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prostacyclin analogues, effective as vasodilator and inhibitor of
the adhesion and activation of thrombocytes. Pharmacological
therapy was limited to those cases where a single cause of
hand ischemia was not identifiable and in particular when an
inadequate collateral arterial network was documented.

Materials and Methods
Study design and settings

The present is a single centre experience with retrospective
analysis of prospectively collected data in a twenty-four months
period between January 2014 and December 2015.

Patient’s cohorts, exclusion criteria, diagnostic
and decision algorithm

All the consecutive patients referred to our Department with
persistent episodes of HAIDI were identified. HAIDI history was
evaluated on the basis of the Vaes et al., four-stage classification
[4]. All the patients received a physical examination and echo-
color-Doppler evaluation. Additionally, a complete angiography
assessment of arm arterial vasculature and arteriovenous fistula
was reserved for patients with severe HAIDI (stage 2b or more).

Exclusion criteria were HAIDI stage 4 with tissue loss (ulceration
and necrosis) with indication to immediate intervention to
preserve hand function. Additionally, patient with critical arterial
stenosis assessed with echo-color-Doppler or angiography were
excluded.

Subsequently, patients were divided in two groups on the basis of
clinical presentation of hand ischemia: Group 1) Mild-HAIDI stage
1 and 2a; Group 2) Severe-HAIDI stage 2b and 3.

Once excluded the presence of critical vascular stenoses affecting
the upper arm arterial pathway, patients in group 1 received
Misoprostol 400 pg once per day for 10 weeks. Otherwise,
patients in group 2 during angiography received a selective
intra-arterial injection of iloprost 0.025 mg and subsequently an
intravenous continuous injection of iloprost 1.25 ng/kg/min for
72 h under close clinical control. Subsequently, patients in group
2 received Misoprostol 400 pg once per day for 10 weeks.

All the patients did not receive a central venous catheter and
continued to undergo dialysis through the vascular access.

Evaluation and follow-up

Study duration was 10 weeks. Evaluation of treatment benefit
included: vascular fluorescence quality control, pain evaluation
and quality of life (QOL) assessment.

Vascular quality control

Vascular fluorescence image control was performed with
Indocyanine green (ICG) at baseline, at the end of the fifth
week and at the end of the study. ICG 5 mL at a concentration
of 0.3 mg/mL/kg was injected intravenously. For ICG fluorescent
imaging, we used a laparoscopic system (TELECAM SL II-Storz;
Tuttlingen—D), a 10 mm laparoscope applicable for white light
and ICG-imaging. The evaluation was conducted always in the
same conditions: the patient was supine, with at least 15 min
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rest before examination and with the arm abducted, the room
temperature was 22°C. We considered the hand as region of
interest (ROI) for fluorescence study. Subsequently, we calculated
the median fluorescence intensity (in arbitrary units-AU) into the
ROI over the whole images series obtaining a dataset of binary
values. The present protocol was validated in a previous paper
published by the same authors [12]. In other papers on the same
topic we found commonly employed flow measurement methods
such as systolic blood pressure and plethysmography of the index
finger [4]. First of all, we have to admit that we are unfamiliar
with this technique. Secondarily, even more evidences sustain
the efficacy of fluorescence study distal limb perfusion [8-10]
in comparison to other non-invasive technique [11]. Finally, our
interest was mainly addressed to the quality of hand perfusion
more than flow evaluation.

Pain and QOL assessment

Patients received a questionnaire in diary form. In literature are
reported several questionnaire for the assessment of HAIDI. In
authors opinion the most complete appear to be the Vaes et
al., form (4c). However, we preferred to use a more simple and
patient-friendly form in order to reduce the patient’s distress.
In fact, we asked to fill it at the end of every haemodialysis for
the whole study period of 10 weeks. Patients had to record the
numbers of DASS attack, duration, intensity, analgesic drugs and
dose eventually necessary for pain management. A 10-point
patient—completed scale was used to determine the severity of
pain where 0 represented no pain and 10 a very severe pain.
Patients started their diary at first examination (visit—1) before
treatment.

The assessment of QOL was done employing the Missoula-VITAS
(MV) QOL Index-15 ltalian translation at baseline. MVQOLI-15
was administered at first examination, at the end of the fifth
week and at the end of the study. MVQOLI-15 consisted of five
dimensions: symptoms, functioning, interpersonal relationships,
wellness, and spirituality. In each area, three types of information
were registered: a) evaluation (subjective measurement of the
actual state, 5-point scale from -2 to +2); b) satisfaction (degree
of acceptance of the actual state, 9-point scale from -4 to +4); c)
significance (degree of impact on the overall QOL, 5-point scale
from 1 to 5). The score was calculated as follow: (evaluation +
satisfaction) x significance [13].

Definitions

Definitions and outcomes criteria were defined accordingly to the
Committee on Reporting Standards of the Society for Vascular
Surgery and the American Association for Vascular Surgery
(SVS/AAVS) on AV accesses [14]. Definition of HAIDI is quite
controversial. Actually in literature we can find several different
definition of this pathology. In particular it is common to indicate
it as dialysis access-associated steal syndrome (DASS) or simply
hand ischemia. In authors opinion those definition are all correct.

Otherwise, in this context HAIDI appears to be haemodynamic
centred and consequently appropriate.

This article is available from: http://vascular-endovascular-surgery.imedpub.com/
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Data analysis

Quantitative fluorescence image analysis was done with an
open source program (ICY 1.7.3.0 for Linux) developed by the
Quantitative Image Analysis Unit at Institute Pasteur, Paris.

Data were collected and tabulated in a dedicated SQL database
(Sqliteman 1.2.2 for Linux). Continuous variable are reported
as median (range: minimum—maximum) while age as mean (z
SD; range: minimum—-maximum). For counts and categorical
data, frequencies are reported with percentage in parentheses.
Nonparametric Wilcoxon matched-pairs signed rank test was
employed to compare the outcome of the two groups of patients.
The statistical analysis was performed with PSPP 0.7.9 for Linux.

Results

Patients, hospitalization and follow-up

We identified 19 patients; there were 9 (47.4%) males. Overall,
mean age was 60 years (+ 15 years, range: 35-79). Patients were
divided as follow: group 1 n=12 (63.2%), group 2 n=7 (36.8%).
In group 2, completion angiography documented in 3 patients
with auto genous vascular access a diffuse arterial stenoses and
a very high-flow fistulas. In accordance with exclusion criteria,
those 3 patients were omitted, and they underwent surgery: n=2
fistula proximalisation, n=1 arteriovenous anastomosis re-do.
The remaining 16 (84.2%) patients were included in the study and
treated with PG. Demographic data, co-morbidities and vascular
access characteristics are summarized in Table 1. The two groups
were well matched in terms of gender, age and comorbidities; in
particular diabetes was present in 7 cases (group 1 n=4, group
2 n=3). In-hospital mortality was not observed; major local or
systemic morbidity and adverse effects to the drugs were not
observed. Median of hospitalization time was 78 h (range: 74-85
h). Patency of the vascular accesses was 100% at discharge. No
patient was lost during the follow-up. Vascular access cannulation
was performed regularly according to dialysis schedule. No
patient received central venous catheter for haemodialysis. Table
2 reports results in detail.

Number of HAIDI attacks

At baseline all patients (100%) reported HAIDI symptoms during
dialysis. In group 1 the number of patients with HAIDI symptom
at the end of the tenth week was 8/12 (66.7%). In group 2 all
patients (100%) reported HAIDI symptoms at the end of the study.

Vascular quality control

At baseline (visit-1) the median fluorescence intensity was
22 (range: 18-25) arbitrary units (AU): in group 1 the median
fluorescence intensity was 23 (range 20-25) AU while in group 2
the median fluorescence intensity was 20 (range 18-21) AU. At the
end of the fifth week the median fluorescence intensity was 31
(range: 24-38) AU: in group 1 the median fluorescence intensity
was 35 (range 32 - 38) AU while in group 2 the median fluorescence
intensity was 30 (range 24-36) AU. Finally, at the end of the study
the median fluorescence intensity was 35 (range: 29-42) AU: in
group 1 the median fluorescence intensity was 39 (range: 36-42)
AU while in group 2 the median fluorescence intensity was 33
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Table 1: n: number; HD: haemodialysis; IHD: ischemic heart disease;
COPD: chronic obstructive pulmonary disease; CVD: cerebrovascular
disease. Continuous data are shown as the mean + standard deviation
or the mean (range) and categorical data as number (%).

Variable Patients (n=16)

(range: 29-37) AU. Additionally, we noticed a difference in latency
of fluorescence peak throughout the treatment. At baseline
the median latency of fluorescence peak was 38 (range: 29-47)
seconds: in group 1 the median latency was 35 (range: 29-41) sec
while in group 2 the median latency was 44 (range: 40-47) sec. At
the end of the fifth week the median latency of fluorescence peak
was 26 (range: 20-33) sec: in group 1 was 24 (range 20-28) sec
while in group 2 the median was 30 (range 28-33) sec. Finally, at
the end of the study the median latency of fluorescence peak was
22 (range: 18-26) sec: in group 1 was 21 (range: 18-25) sec while
in group 2 was 24 (range: 21-26) sec [Graphs 1 and 2].

Duration of HAIDI symptoms

The median duration of HAIDI attacks was 6 h (range: 4-7 h) in
group 1and 7 (range 4-9 h) hin group 2. The duration of symptoms
decreased quickly after iloprost intravenous administration and
during all the period of misoprostol administration. At the end of
the study median duration of HAIDI attack was in both group 45
(range: 0-2 h) min.
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Table 2: Results of the study. Sec: seconds; AU: arbitrary units; MVQoL: Missoula-VITAS quality of life.

5th week

End of the study

Median severity of HAIDI symptoms

The median severity of HAIDI attacks was 7 (range: 6-8) in group
1 and 9 (range 9-10) in group 2. In both groups, the severity of
symptoms decreased immediately after iloprost intravenous
administration: at second day was 6 (range: 3-7) in group 1, 7
(range: 5-7) in group 2. For the subsequent 6 days it remained
quite steady. After administration of misoprostole we noticed
less evident but constant bettering of symptoms. At the end of
the study median severity of HAIDI was 1.5 (range: 0-3) in group
1, 2.5 (range 2-3) in group 2.

Pain management

All patients (100%) needed analgesic drugs administration at
baseline. In group 1, 7/12 (58.4%) patients received Paracetamol
(median 2 gaday, range: 1-3 g) and 5/12 (41.6%) Paracetamol plus
Codeine (median 2 g/120 mg a day, range 500 mg/30 mg-3 g/180
mg). At the end of the study only 1/12 (8.3%) patient received
Paracetamol 1 g due to the persistence of pain. In group 2, 1/4
(25.0%) patients received Paracetamol 3 g a day, 2/4 (50.0%)
Paracetamol 1 g plus Codeine 60 mg a day, 1/4 (25.0%) patient
received Oxycodone 5 mg plus Paracetamol 325 mg a day. At the
end of the study only 1/4 (25.0%) patient received Paracetamol 1
g due to the persistence of pain.

Quality of Life

At baseline, the median total score of QoL was found to be 15 (in
the range 0-30). The median score of QoL was higher in group
1 (value=18, range 15-21) if compared to group 2 (value=13,
range 12-15). In both groups, the score of QoL increased rapidly
during hospitalization after intravenous treatment with lloprost.
Therefore we noticed in both groups an improvement in QoL
with a lower but continuous trend. Table 3 reports QoL results
depending on the five dimensions MVQoL Index-15. At the end
of the study QoL score was 26 (range 24-30) in group 1, 24 (range
21-27) in group 2. All the patients judged their QoL not bad and
refused a definitive surgical treatment (graph 3).

Discussion

HAIDI has become nowadays a growing problem [15]. Three main
factors can create a symptomatic ischemic steal: 1) inadequate
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collateral arterial network; 2) a very high flow fistula; 3) a pre-
existing vascular occlusive disease. Generally, a combination
of those three cause leads to a distal hypo perfusion ischemic
syndrome [16]. Additionally, lower arm blood flow diminishment
in presence of arteriovenous fistula can lead to critically
reduced arterial pressures in the hand [2,17]. Generally, after
the arteriovenous anastomosis creation, a decreased peripheral
resistance lead to increased arterial flow with subsequent
augmented wall shear stress inducing endothelial nitric oxide
(NO) release. NO is fundamental for vasodilatation, inflow artery
remodelling, and recruiting adjacent collaterals bypassing the
anastomosis [18]. It is noteworthy that NO synthesis is diminished
in diabetic and uremic patients due to endothelial dysfunction
[19]. Additionally, diabetes and aging reduce the collateral
pathway recruitment in reply to ischemia [20].

In our series, in two cases a severe arterial stenosis was
documented and in one case a very high-flow fistula was
found. In all those cases a radiological or surgical treatment
solved symptoms. In the remaining 16 cases it was not possible
to find just a single cause of the syndrome. We have to admit
that diabetes and other comorbidities were well matched
between the two groups. Consequently, and with regard to the
small number of patients treated, it was not possible to find a
significant correspondence among comorbidities, HAIDI onset
and outcomes. Otherwise, a lack of arteriolar collaterals was
always present with an image of diffuse “bare tree”. Subsequently,
in author’s opinion HAIDI onset was mainly due to an inadequate
collateral arterial network. Therefore, the study proposal was to
employ PG to optimize arteriolar network bettering the distal
vascularization in patients affected by HAIDI. Preliminary results
are encouraging. In fact, the analysis of vascular fluorescence
demonstrated that PG treatment gave an increasing of the median
fluorescence intensity of 37.1% (group 1, 40.0%; group 2, 39.3%)
in the whole group and a reduction in latency of fluorescence
peak of 42.1% (group 1, 40.0%; group 2, 45.5%). Those results
are in agreement with subjective pain feeling. In fact, accordingly
with patients’ diary questionnaires, ischemic attack considerably
decreased in both groups in terms of intensity (group 1, 78.6%;
group 2, 72.2%) and duration (group 1, 87.0%; group 2, 89.3%).
Unfortunately, all the patients in group 2 continued to present
HAIDI at the end of the study while in group 1 only 8 (33.3%).

This article is available from: http://vascular-endovascular-surgery.imedpub.com/
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Table 3: Quality of life (QOL) median results depending on the five dimensions of Missoula-VITAS QOL Index—15.

5th week End of the study

Qol

30

20

10

N

5 10

- On quality of life. Median of values: square, group 1; diamond, group 2.

weeks

/

Nevertheless, QoL improved in both groups and none patient
in group 2 consent to operative treatment for residue HAIDI.
Admitting the small cohort of patients, results are not statistically
influenced by severity of onset symptoms.

Generally, a spread range of different coexisting reason can
contribute to determinate DASS. For example, diabetes and
other co-morbidities commonly affecting uremic patients,
including HD treatment, can produce diffuse arterial stenoses.
Additionally, female patients with small arteries and high-
flow fistulas may exceed the capacity of the feeding arterial
system even in absence of arterial inflow disease. In literature,
no previous paper referring the use of PG for the treatment of
HAIDI was found. The present study was based on author's
experience in treatment of critical limb ischemia and Raynaud
phenomenon with PG. In fact, clinical trials suggested the PG
could reduce the symptoms of intermittent claudication [21]. It is
notable that some authors proposed PG employment in addition
to surgical treatment in patients with severe peripheral arterial
disease or for limb salvage where revascularization was not
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possible [22]. Literature well documented the usefulness of PG
for the treatment of RP in patients with systemic sclerosis [23].
PG and thromboxane (TX) are lipid signalling molecules active in
an extensive variety of physiologic and pathological processes
including gastric acid secretion, muscular contraction and
haemostasis. PG (PGE2, PGD2, PGI2, PGF2) and TX (TXA2) bind
distinct G-protein coupled receptors (G-PCRs: EP, DP, IP, FP, TP)
modulating cyclic adenosine monophosphate and/or phosphor
inositol turnover and consequently intracellular concentration
of calcium [24]. lloprost and misoprotol are stable analogue of
PG. They bind respectively PGI2 receptors and PGE2 EP3-EP4-
EP5 receptors. Both drugs increase adenylate cyclase activity
and inhibit thrombine-induced Ca?* mobilization [25] with the
result of a long-duration vessel dilatation. In addition to artery
dilatation PG are inhibitor of platelet adhesion and activation
of thrombocytes [26] through the suppression of production
of transforming growth factor-B, soluble adhesion molecule 1,
soluble vascular adhesion molecule 1 and E-selectine [27,28].
In our experience we treated patients accordingly to the drug
instruction for use. We did not report adverse effects generally

This article is available from: http://vascular-endovascular-surgery.imedpub.com/
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described with PG such as hypokalaemia, hypotension, apnea/
bradycardia [29,30]. The FADOI 2bPILOT Study demonstrates the
efficacy of intravenous 12 months iloprost treatment in addition
to standard therapy in patients with peripheral artery disease.
However, in their data discussion the authors underlined the
difficult feasibility of a long intravenous therapy in terms of: 1)
hospitalization settings, 2) challenge for health organization, 3)
patients’ QOL [31]. For that reason they concluded that a more
user-friendly and home-based way of administration of the drug
was desirable. For that reason, authors of the present paper
decided to reduce the dose and the duration of the intravenous
treatment and consequently of the hospitalization. In contrast,
an oral therapy was administered at home. It is imperative to
emphasise the efforts encountered scheduling haemodialysis
treatments for hospitalised patients. Additionally, the possibility
to reduce the hospitalisation time could have positive benefit on
treatment costs. Finally, a debate is still open in literature on the
effective dose of PG [32]. Otherwise, a comparative randomized
clinical trial did not find any difference in terms of efficiency
of low-dose and high-dose iloprost for treatment of Raynaud's
phenomenon. Different results were not obtained with different
dose and therapy duration [33,34]. Traditionally, HAIDI treatment
includes a wide variety of operative treatment: angioplasty,
ligation of the fistula, distal revascularization with interval
ligation, revision using distal inflow, banding, proximalization
of arterial inflow, distal radial artery ligation [32,35,36]. From a
clinical point of view, the evidence of a benefit in HAIDI treatment
with PG gains a therapeutic relevance. In fact, it is too limiting to
take in count only a surgical option against a multiple factorial
pathophysiology. Larger and more prolonged studies should

© Under License of Creative Commons Attribution 3.0 License
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therefore be performed to establish any relationship between PG
and peripheral vascular effects and favourable clinical outcomes
in patients with HAIDI.

Study Limitations

Authors remind that present paper reports preliminary results
with analogues of PG for HAIDI treatment. Nonetheless, it has
several limitations: the cohort is small, the study is retrospective
in nature, and that period considered is short. Moreover, the
study design could be criticized. In fact, the experience lacks of
comparison with another technique. We admit that the natural
evolution of distal ischemia sometime could be favourable.
Consequently, a comparison with a cohort of patients untreated
should unequivocally demonstrate the efficacy of the therapy.
However, as reported in table 1, patients enrolled had a long
history of HD and the natural resolution of HAIDI was improbable.
Nevertheless, future larger and longer-term studies are desirable
to further evaluate the benefits of PG on HAIDI. Probably, they
should unambiguously emphasis the effects on clinical outcome
in comparison to placebo or surgical techniques.

Conclusion

Admitting the several limitations of present study we could prove
a significant effect of PG treatment. PG might have a primary
place in the therapeutic armamentarium in HAIDI treatment.
In fact, in selected patients PG allows to optimize arterial
pathway, minimizing symptoms. Both the vascular fluorescence
assessment and the clinical evaluation confirmed the efficacy of
the therapy reducing the necessity of a surgical treatment.
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