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Assessment of platelet function and resistance to
aspirin and clopidogrel in patients with peripheral
arterial disease undergoing percutaneous

transluminal angioplasty

Grzegorz Borowski', Aleksandra Nowaczynska’

'Department of Vascular Surgery and Angiology, Medical University of Lublin, Lublin, Poland

’Department of Hematooncology and Bone Marrow Transplantation, Medical University of Lublin, Lublin, Poland

ABSTRACT

Introduction: Analysis of platelet function, acetylsalicylic acid (ASA) and clopidogrel resistance in patients
with peripheral arterial disease (PAD) undergoing percutaneous transluminal angioplasty (PTA), the impact of
procedure on this phenomenon, connection with diabetes, hypertension, smoking.

Material and methods: The study included 72 patients, with a group of patients taking ASA on a permanent
basis and a group of patients in whom treatment was implemented after the procedure. Patients were also
divided according to the antiplatelet therapy applied, either double-therapy, or ASA monotherapy. Daily doses
were 75 mg. Three methods were used for the evaluation of the platelet function: IVY bleeding time, cytometric
evaluation of platelet surface antigen (CD62p and CD63) expression and hemostasis measurement by PFA-200°.
Results: In the PFA-200 analysis, ASA resistance was found in 37.8% (64.7% were tobacco smokers) before
surgery. Patients not taking ASA before, after PTA and first dose of ASA presented resistance in 63%. The first
dose of clopidogrel after surgery was associated with resistance in 73.7%. Significant differences in the expression
of CD62p and CD63 markers before and after PTA were observed. According to IVY method, aspirin resistance
was found in 40% of patients permanently receiving ASA.

Conclusions: Patients with PAD who undergo PTA are resistant to ASA in 40%, smoking is associated with
this phenomenon. PTA increases the expression of CD62P and CDé3, and thus the platelet activation, which
is not adequately prevented by antiplatelet drugs at a dose of 75 mg. Dual antiplatelet therapy reduces the
activation of thrombocytes more than the monotherapy of ASA.

Key words: platelet function, aspirin resistance, clopidogrel resistance, peripheral artery disease,
percutaneous transluminal angioplasty

Acta Angiol 2020; 26, 4: 119-128

Introduction from the fact that it is associated with an increase in the

activity of platelets, carries the risk of complications,

Endovascular treatment, due to its low invasiveness
and good results, is commonly used in the treatment
of patients with peripheral arterial disease (PAD),
allowing to shorten hospitalization and recovery time.
Percutaneous transluminal angioplasty (PTA), apart

including thrombosis. The prophylaxis of these com-
plications currently includes antiplatelet drugs most
often acetylsalicylic acid (ASA) and clopidogrel. ASA is
the secondary prophylaxis after PTA and the primary
antithrombotic prevention in patients diagnosed with

Address for correspondence: Grzegorz Borowski, Department of Vascular Surgery and Angiology, Medical University of Lublin, Lublin,

Poland, e-mail: gwborowski@gmail.com
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symptomatic atherosclerosis of the lower extremities.
Its use at a dose of 75—-150 mg/day in patients with
intermittent claudication significantly reduces the rates
of strokes, myocardial infarctions and deaths caused by
cardiovascular diseases. This dose of ASA was found to
be as effective as higher daily doses [I]. In randomized
trials [2, 3], there was also no correlation between the
amount of ASA used and the achievement of antiplatelet
effect. The use of high doses appears to be unjustified
and is related with a higher risk of gastrointestinal
bleeding [4—6]. ASA also improves vessel patency after
revascularization [7]. Dual antiplatelet therapy (ASA
and clopidogrel) is implemented i.a. in patients who
underwent stent implantation into peripheral arteries
[7, 8]. Despite the use of such therapy, adverse events,
including stent thrombosis, are still observed [2, 7,
9, 10]. In patients with PAD, there is a tendency to
increased platelet activity, which may be resistant to
the antiplatelet effect of ASA[1 I, 12]. The term aspirin
resistance was first used in the early 1990s [|3]. Aspirin
resistance is defined either in terms of clinical symptoms
(a thromboembolic event during drug use) or on the
basis of laboratory tests determining the aggregating
effect of platelets [14]. According to Patrono [15], the
term aspirin resistance can be applied to clinical con-
ditions or laboratory measurements, e.g. the inability
of aspirin to: protect the patient from thromboembolic
complications, prolong bleeding time, block throm-
boxane synthesis, or produce an antiplatelet effect
found in one or more in vitro tests. Aspirin resistance
is also defined by the term high on-treatment platelet
reactivity (HTPR) [16] or high residual platelet reac-
tivity (HRPR) during aspirin treatment [17]. In current
reports, HRPR is recognized in 27.7% of respondents
[17]. The concept of aspirin poor responsiveness (APR)
is also used [18]. As for the laboratory determination
of resistance, it is possible to assess the aggregation
response of thrombocytes to arachidinate, adrenaline
or collagen [14, 19, 20]. Another issue in antiplatelet
therapy is resistance to clopidogrel, an antagonist of the
P2Y|2 receptor. According to studies [21], resistance
to clopidogrel at a loading dose of 600 mg was found
in | in 5 patients. However, in the reports from 2016
[22, 23] in the Chinese population of patients after
ischemic stroke, taking clopidogrel at a dose of 75 mg/
/day, using the aggregometry method, drug resistance
was found respectively in 38.88% and 36% of them
(light transmission aggregometry — LTA). According
to Spiliopoulos et al., the prevalence of resistance to
aspirin and clopidogrel in patients undergoing end-
ovascular interventions due to symptomatic PAD is
approximately 50% [16]. The aim of this study was
to assess the occurrence of resistance to antiplatelet
drugs (acetylsalicylic acid and clopidogrel) in patients

undergoing angioplasty, to determine the impact of the
procedure on the development of aspirin resistance, to
determine whether there is a relationship between the
occurrence of drug resistance and diabetes, hyperten-
sion or smoking and the assessment of platelet activity
based on the expression of platelet surface glycopro-
teins on the day after the procedure depending on the
antiplatelet therapy used (monotherapy with ASA or
ASA in combination with clopidogrel).

Material and methods

The study was conducted in the Department of Vascu-
lar Surgery and Angiology of the Medical University of
Lublin from December 201 | to December 2015. Cyto-
metric tests and analysis of thrombocyte function using
the INNOVANCE PFA-200° analyzer were performed
in the Laboratory of Flow Cytometry and Hemostasis
at the Department of Hematooncology and Bone Mar-
row Transplantation at the Medical University of Lublin.
The study included a total of 72 patients (Table |)
with PAD, aged 44 to 89, including 20 women and 52
men. Each patient underwent PTA. The patients were
qualified for angiography and endovascular treatment
based on the clinical condition assessed on the basis of
the Fontaine scale — grades IIB, IlI, IV.

After initial angiography, balloon angioplasty was
performed in 34 (47.2%) patients. One or more stents
were implanted in 38 (52.8%) patients. The endovas-
cular procedure was performed on iliac arteries in
26 patients, in 46 patients on femoral, popliteal or
tibio-fibular arteries (Table 2). During each procedure
a bolus of unfractionated heparin i.v. (2500-5000 1U)
was injected.

A group of 45 patients who were taking ASA at
a dose of 75 mg daily for at least 2 weeks before the
planned surgery was selected. The remaining 27 pa-
tients had not received any antiplatelet medication for
at least 7 days prior to PTA. After returning from the
operating room, patients who underwent balloon an-
gioplasty (n = 34) received 75 mg of ASA, while those
after stent implantation (n = 38) received 75 mg of
ASA and 75 mg of clopidogrel (Table 3).

In studied patients, on the day of the procedure
before its performance and on the first day after the
procedure, the following additional tests were per-
formed to assess platelet function: measurement of the
occlusion time using the PFA-200 analyzer, cytometric
analysis, bleeding time (BT) measured according to
the lvy method. The material for laboratory tests was
fasting whole blood collected from the cephalic vein
using a 20Gx Needle (Sarstedt S-Monovette Niimbre-
cht, Germany). Blood was collected in 3 polystyrene
tubes (Sarstedt S-Monovette) containing 3.2% sodium

120 www.journals.viamedica.pl/acta_angiologica
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Table |. Clinical characteristics of the study population (n = 72)

The assessed parameter

Number of patients in the entire study group

Percentage of patients in the entire study group

Gender
Male 52 72.2%
Female 20 27.8%
Diabetes
Yes 23 39.1%
No 49 68.1%
Arterial hypertension
Yes 38 52.8%
No 34 47.2%
Nicotinism
Yes 30 41.7%
No 42 58.3%

Table 2. Characteristics of the performed endovascular procedures

Number of patients who underwent balloon angioplasty 34 (47.2%)
Number of patients with stent implantation 38 (52.8%)
Number of procedures performed within iliac arteries 26 (36.1%)
Number of procedures performed within femoral, popliteal arteries and tibial-peroneal trunk 46 (63.9%)

Table 3. Pharmacological treatment in the perioperative period

Antiplatelet drugs administered Number of Antiplatelet drugs administrated at the day Number of
permanently before the procedure patients of the procedure, after its performance patients
ASA 45 ASA 34
Clopidogrel 0 ASA + clopidogrel 38
Without antiplatelet drug 27 Without antiplatelet drug 0

citrate in the proportion 1:9. Then, within 2 hours of
collection, the occlusion time was analyzed using the
PFA-200 and the expression of platelet glycoproteins
with the use of a cytometric analyzer.

Description of the methods of assessing
platelet function used in the study

The PFA-200° system is used to measure the primary
hemostasis process. It allows for a quick assessment of
platelet function based on the analysis of non-clotted
whole blood collected in citrate. With its use, it is pos-
sible to diagnose congenital and acquired platelet de-
fects, as well as to evaluate drug-induced dysfunctions.
Using the flow cytometry method, the activation of
platelets and their function can be tested. For this pur-
pose, monoclonal antibodies that are directed against
platelet surface antigens are used. Specific phenotypic

changes in platelet glycoproteins can be determined by
the use of fluorescent-labeled antibodies. Changes in
the expression of CD62p (P-selectin) and CD63 (GP53
glycoprotein) surface proteins were found in numerous
studies. These two molecules are the most expressive
markers of platelet activation [24, 25]. In our study,
the measurement of bleeding time (BT) using the Ivy
method was also used. It is the only way to assess he-
mostasis in vivo. The bleeding time is the time between
the incision is made and bleeding stops [26]. It proves
the ability of platelets to form a blood clot at the site of
skin damage. Standardized Surgicutt® Adult skin incision
lancet were used to measure bleeding time. The correct
bleeding time for the lvy method was assumed to be 6
minutes [26—-29]. The group of patients with bleeding
time up to 360 seconds was defined as resistant to the
antiplatelet effect of used drugs.

www.journals.viamedica.pl/acta_angiologica 121
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Statistical methods

Statistical analyzes were performed using the Statistica 9.
The following methods were used: descriptive statistics
(mean, median, minimum, maximum, standard devia-
tion, standard error of the mean); percentage analysis;
tests of significance of differences — Mann-Whitney
U test, sign test for dependent groups, Kruskal-Wallis
test, Chi*test; correlation analysis using the r-Pearson
coefficient. The critical level of statistical significance
was p < 0.05.

Results

Resistance to the antiplatelet effect of aspirin
measured with PFA-200

The mean closure time (CT) measured with the Col/
/EPI test cartridges in the group of 45 patients receiving
ASA on a permanent basis before surgery was 185.6
seconds. After the procedure, the CT was shortened
to an average of 170.5 s. This means that PTA, despite
the daily use of ASA, is associated with a decreased
response to the antiplatelet effect of the drug. In the
group of 45 patients taking ASA, drug resistance was
found in 37.8% of patients using the PFA-200 device
(n = 17). In the same group of patients, after PTA,
areduced response to the effects of ASA was observed
in a greater number of patients 46.7% (n = 21). Inthe
studied group of ASA-resistant patients (n = 17), a high
percentage of smokers (64.7%) and a low percentage
of diabetics (35.3%) were found. The coexistence of
arterial hypertension is not associated with the aspirin
resistance (53% in the study group are diagnosed with
this disease). In the group of 27 patients not taking the
drug before the procedure, CT was measured on the
first day of the procedure and aspirin resistance was
found in 63% of them (n = 17). ASA at a dose of 75 mg
administrated only after PTA is associated with a very
high percentage of resistance. In the entire group of 72
patients participating in the study, a reduced response
to the effects of ASA, measured with the PFA-200, was
found in 38 patients (52.8%). Therefore, regardless of
whether the patients were taking ASA in the period
before the procedure or they received the drug only
after the procedure, an increase in resistance caused by
PTA was found. When analyzing the whole study popu-
lation, a low percentage of diabetic patients was found
in the drug-resistant group (n = 38). However, the
coexistence of arterial hypertension and smoking was
not related with the occurrence of this phenomenon.

Resistance to the antiplatelet effect

of clopidogrel measured with PFA-200

In a group of 38 patients in whom at least one stent
was implanted, after administration of a dose of 75 mg

clopidogrel immediately after surgery, a study was per-
formed with P2Y test cartridges. The patients had not
taken the drug before. The drug resistance was found
in 28 subjects (73.7%). This means that clopidogrel is
less effective at this dose on the first day of its use. In
the group of patients resistant to the first dose of 75 mg
clopidogrel after stenting (n = 28), a higher percentage
of smokers (60.7%) compared to non-smokers was
observed. Patients with diabetes accounted for only
28.6% of the group. The number of patients with hy-
pertension was the same as the number without. In the
group of patients responding to clopidogrel (n = 10),
a very low percentage of patients with diabetes (20%)
was found.

Expression of P-selectin

In the group of patient taking ASA (n = 45) before PTA,
the mean percentage of platelet activation measured
with CD61/CD62P was 0.36, after the procedure, it
was increased to 0.51. In the group of patients who
did not take the drug before PTA (n = 27), the mean
percent activation for CD6 |/CD62P cells was 0.25 and
after surgery it increased to 0.74. The mean percentage
of CD61/CD62P cell activation in patients after surgery
(PTA with stent implantation) and dual antiplatelet
therapy (n = 38) was 0.79. Before the procedure, this
value was lower, averaging 0.33. Similarly, in patients
after PTA without stent implantation and using a single
antiplatelet therapy with ASA (n = 34) before proce-
dure, the value was lower than after (0.5) and was 0.37.
In the entire group of patients with PAD (n = 72), the
mean value of the parameter before the procedure
was 0.32. The surgery, despite the used antiplatelet
therapy, increased the activation of platelets to the
mean value of 0.60.

Expression of CD63

Both in treated with ASA (n = 45) and ASA-free group
(n = 27), the mean percentage of postoperative CD6 1/
/CD63 cell activity was higher than before (2.0 and
[.17 and 1.39 and |.15). This means an increase in the
expression of the platelet activation marker (CD63)
as a result of the PTA, despite the use of antiplatelet
therapy after the procedure (in this case, regardless of
whether the patients received ASA or ASA and clopi-
dogrel). Mean percentage of CD61/CDé63 cell activity
in postoperative period (PTA with stent implantation)
and dual antiplatelet therapy (n = 38), as in patients
(with PTA without stent implantation) and with ASA
monotherapy (n = 34) as in the entire group of 72
patients before the procedure was lower (1.57; 1.76;
.50, respectively) compared to post-procedural testing
(2.05; 1.95; 1.80, respectively). The surgery, despite
the antiplatelet therapy used, increases the activation
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of platelets, measured with the use of CD61/CD63
antibodies.

Results of tests with assessment of bleeding
time using the lvy method

The mean bleeding time (BT) measured using the lvy
method for the group permanently receiving ASA be-
fore surgery (n = 45) was 444 seconds. In the group
of patients taking ASA at a dose of 75 mg a day (n =
= 45), the bleeding time was normal in |8 patients, so
in 40% of patients, the drug did not prolong bleeding
time, and thus this group can be considered as with low
sensitivity to the antiplatelet effect of ASA. In the group
of patients who underwent stenting and receiving dual
antiplatelet therapy (n = 38), on the first day of PTA,
the bleeding time was normal in |13 patients (34.29%). In
the group of patients who were treated with ASA 75 mg
monotherapy (n = 34), the correct bleeding time was
detected in 14 patients, which means 41.2% of drug
resistance. The mean bleeding time was 408 seconds,
which was shorter than in the dual antiplatelet therapy
group (477.2 seconds). The use of dual antiplatelet ther-
apy results in a better antiplatelet effect as it increases
bleeding time. In the group of ASA-resistant patients
tested before the PTA procedure (n = 17), the correct
bleeding time was also found before the procedure in
5 of them, which is 29.4%. In the assessment before
the angioplasty procedure, in the group of 45 patients
receiving ASA permanently, there were 5 patients re-
sistant to the drug effect according to the two methods
used in the study, which constitutes | |.1%.

Discussion

Numerous studies report that the resistance to the
antiplatelet effect of acetylsalicylic acid may affect from
5 to 60% of patients, this discrepancy depending on
the studied population and methods used to evaluate
it. According to some researchers, this percentage is
even as high as 83% [I, 30-34]. One of the first pub-
lished reports on ASA resistance concerned its use in
secondary prevention in patients with stroke — the
above problem was found (using PFA-100) in 30-40%
of patients [35]. In our study, with the use of the
PFA-200 device, in a group of patients with PAD who
took ASA on a permanent basis, drug resistance was
found in a very similar percentage of patients — 37.8%.
In the study of Linneman et al. [36], the change in
response to the effect of ASA was tested over time in
patients with PAD, using e.g. PFA analyzer. It has been
found that in a significant number of patients, resistance
to aspirin changes over time during treatment. It may
be related to inconsistency in the methodology, incom-
patibility in the applied therapy, insufficient response to

the selected dose of the drug or interactions with other
drugs. In addition, platelet activity may change as the
disease progresses. In this study, resistance to aspirin
and platelet function were assessed only before the PTA
procedure and in the first 24 hours after. This resulted
from the planned evaluation of the drug resistance in
the periprocedural period, the aim of which was to
determine the impact of the procedure itself on the
resistance and to assess the effectiveness of the doses
of drugs used at that time. For this reason, the possible
long-term dynamics of the response to antiplatelet
drugs was not assessed. There were also observations
that resistance to ASA progressed over time, regard-
less of the dose taken [37, 38]. In a study [39] where
platelet function was measured several times over |12
months of ASA use, response to the drug did not matter
in determining long-term outcomes. In a meta-analysis
assessing the effect of aspirin in prevention of throm-
boembolic complications, it was found that most of the
studies performed used different methods of testing
the laboratory activity of thrombocytes. Furthermore,
despite the same methods, different cut-off points
were used. It has been found that patients presenting
aspirin resistance in biochemical tests also tend to be
“clinically resistant” with a significantly higher risk of
cardiovascular complications. People with a significant
activation of platelets, despite the use of aspirin, show
an almost four times higher total risk of a cardiovascular
event [40].

In our research, it was observed that in the group
of patients identified as aspirin-resistant before PTA
(n = 17), 64% were tobacco smokers. However,
in the group of aspirin-resistant patients (n = 38)
selected from the entire study population (n = 72),
nicotinism coexisted in 55% of them. This confirms
previous researches that smoking tobacco can cause
drug resistance. It can be concluded that the increased
pro-aggregation activity of thrombocytes in smokers, as
in other studies [41, 42], is the main factor determining
the higher incidence of cardiovascular diseases despite
the systematic use of the drug in prophylactic doses. In
this study, both in the group of patients diagnosed as
aspirin-resistant before the procedure (n = 17) and in
the entire study group on the day after the procedure
(n = 38), the percentage of patients with coexisting
diabetes was nearly 40%, which does not coincide
with the majority of previous studies, suggesting that
a patient with diabetes is more often drug-insensitive.
In diabetic patients, increased activity with a tendency
to aggregation of platelets was found, and therefore
a higher incidence of thromboembolic complications
[43, 44]. However, according to some reports, diabetes
does not affect the development of aspirin resistance
and the percentage of this phenomenon among dia-
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betics is comparable to the group of patients without
diagnosed diabetes [45, 46]. The clinical importance
of biochemically determined aspirin resistance in the
development of cardiovascular complications has been
confirmed [ 13, 35]. For example, in the study of Gum
etal. [33], it was suggested that about 10% of recurrent
adverse vascular events may be caused by resistance
to ASA. This confirms that such prognosis of clinical
complications, correlating with laboratory resistance,
is extremely important for defining the scope and na-
ture of resistance to antiplatelet drugs. Several studies
have shown that patients with a decreased response
to clopidogrel, measured in vitro using platelet function
analyzers have a significantly increased risk of early stent
thrombosis after percutaneous coronary angioplasty
(PTCA) compared to patients with sufficient platelet
function blocking [23]. Most of the studies on clopi-
dogrel resistance concerned the study of platelet func-
tion after a loading dose of 300 mg [47]. In our study,
the antiplatelet effect of clopidogrel was tested with the
first day of 75 mg dose. Such a study was designed to
determine whether the applied dose is effective in this
group of patients, or whether it is worth considering
using a higher dose on the day of surgery. Resistance to
clopidogrel also varied between investigators, but there
was a correlation between laboratory resistance and
cardiovascular adverse events. In the work of Metzky
et al. [48], patients with myocardial infarction treated
with angioplasty were monitored for the effect of clopi-
dogrel by the optical aggregation method, using ADP
as an agonist. This allowed identification of a group of
25% of patients resistant to the drug effect, and thus
more at risk of recurrent cardiovascular events. The
only characteristic of this group was the high percent-
age of tobacco smokers. In the study by Cuisset et al.
on patients with acute coronary syndrome, there was
described a higher frequency of periprocedural infarc-
tions in the group with a poor laboratory response to
clopidogrel [49, 50]. So far, a small number of studies
have been published assessing the antiplatelet efficacy
of clopidogrel tested with the PFA-200 analyzer [51].
In our study, the tests were made on the first day of
the procedure, so the assessment concerns one dose
of 75 mg, confirming its very low effectiveness. Only
10 patients had a correct response to the drug, which
is 26.3% in the study group. The remaining patients
(73.7%) can be diagnosed with reduced responsiveness
to the antiplatelet effect of clopidogrel. In this study,
the cytometric test and the lvy method for the bleeding
time were used to compare dual antiplatelet therapy
with ASA monotherapy. P-selectin and CDé63 are es-
tablished markers of thrombocyte activity measured
by flow cytometry [52, 53]. According to E. McKenzie
et al. [53], a significant decrease in the expression of

these glycoproteins was described only after a high
dose of ASA, which suggests the use of higher doses
in patients treated endovascularly. The expression
of P-selectin and GP53 was examined in all patients
included in the study (n = 72) both before and after
surgery. It was found that P-selecting expression was
higher in patients who underwent stenting and received
two antiplatelet drugs compared to those who had only
balloon angioplasty and received ASA.

As for CD63 expression, its level after PTA was
comparable in both groups, regardless of the therapy
used. Thus, stenting causes a greater activation of plate-
lets, assessed by this marker, than balloon angioplasty
itself. The inhibitory effect of ASA and clopidogrel on
the expression of these markers of platelet activity
(mainly P-selectin) described so far is weaker than the
effect of endovascular treatment causing the increase in
expression. The assessment of the bleeding time using
the lvy method was found to be normal in |3 patients
in the group that received dual antiplatelet therapy after
stent implantation (n = 38). This means that 34.2% of
the study group was not responsive to the effects of
these drugs. On the other hand, in the group of patients
after balloon angioplasty and receiving 75 mg of acetyl-
salicylic acid (n = 34), 41.2% were resistant after the
procedure. Moreover, the mean bleeding time is also
higher in patients treated with ASA and clopidogrel (477
vs 408 seconds). The above results, despite the lack
of statistical significance, allow us to observe that dual
antiplatelet therapy is associated with better inhibition
of thrombocyte function resulting in prolonged bleeding
time. It is worth paying attention to the fact that the
implementation of such therapy is more effective even
in relation to patients who have had a stent implanted,
which is also associated with a higher activation of
platelets than after balloon angioplasty only.

In this study, an increase in P-selectin expression
after surgery, and thus in platelet activation, was found,
assessed on a group of patients receiving ASA perma-
nently (n = 45). In the preoperative ASA group (n =
= 27), a significant increase in the mean percentage of
activation of CD61/62p antibodies was observed. This
difference is greater than in patients using ASA before
the procedure, so it can be concluded that the treating
patient with aspirin before the procedure results in
a lower activation of platelets, and thus a lower risk of
developing thrombotic complications in the first days
after PTA. Some studies do not describe that aspirin
impacts the level of P-selectin expression [54]. Accord-
ing to studies [53] with the use of flow cytometry, in
which several markers of platelet activation were used,
a decrease in P-selectin expression was found already
at the dose of 1.0 g of ASA. On the other hand, after
a higher dose of 4.0 g, a statistically significant decrease
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in the expression of CD63 antibodies, while after
a small dose, a slight increase in the expression of CD63.
After a week of using ASA at a dose of 8] mg/day, Val-
des et al. [55] found a decrease in the concentration
of soluble P-selectin (sP-selectin) in the blood. The
studies carried out on a group of healthy people who
were administered ASA in a dose of 8| mg showed that
there was a decrease in the expression of thrombocyte
surface receptors, including P-selectin [56]. In this
study, it was shown that the percentage of antibody
activation before PTA was lower than after PTA, which
means that in patients with PAD, angioplasty causes an
increased activation of platelets, which is insufficiently
prevented by the drugs used. The search for an effective
antiplatelet therapy for patients with PAD is extremely
important, also because these patients clearly have
an increased risk of myocardial infarction or ischemic
stroke [11]. In this study, in the group of patients
permanently receiving ASA in a daily dose of 75 mg
(n = 45), the level of aspirin resistance confirmed by
two methods — PFA-200 and the lvy method was
found in 5 patients, which makes | 1% of this group.
The above group of patients can be described as “true”
aspirin-resistant, because they present the features
of resistance in both biochemical and in the in vivo
test. Moreover, studies evaluating aspirin resistance in
relation to the development of thromboembolic com-
plications in patients undergoing antiplatelet therapy
estimate the prevalence of resistance at a very similar
level. In the analysis of Gum et al. [33], the importance
of aspirin resistance in thrombotic complications was
estimated at 10%. Similar results were presented by
Saunders et al. [57], where in a group of 80 patients with
PAD using the PFA-100, persistent aspirin resistance
was detected in 9.9% of patients.

Despite many recent studies, it has not been
possible to clearly define which group of patients
should be diagnosed for aspirin resistance. Though the
number of available, relatively simple and quick tests
for determining the activity of platelets is increasing,
the cost of the equipment and the tests themselves
will not allow such extensive diagnostics in the near
future. A definition of a patient resistant to aspirin and
clopidogrel should be created, which will also enable
the development of new or specification of already
used tests independent of additional factors modifying
the action of these drugs.

Conclusions

Based on the own research presented above, it was
found that among patients with peripheral arterial
disease treated with endovascular methods, the level
of laboratory aspirin resistance is about 40%. An addi-

tional factor that increases the resistance to antiplatelet
drugs is tobacco smoking. Previous PTA procedure
results in increased resistance to antiplatelet drugs.
As a result of PTA, the expression of P-selectin and
CDé63 increases, and thus the activation of platelets
also increases, which is insufficiently prevented by the
antiplatelet drugs used in the periprocedural period:
ASA and clopidogrel. Dual antiplatelet therapy reduces
the activation of platelets to a greater extent compared
to acetylsalicylic acid monotherapy.
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Abstract
Introduction: Tsunami victims of the Great East Japan Earthquake were screened for deep-vein thrombosis
(DVT) in order to compare the DVT incidence rates between temporary and non-temporary housing resident
groups.
Material and methods: Lower extremity venous ultrasonography was performed on 290 subjects (64 men
and 226 women; mean age = 71.9 = 7.9 years) at 44 months dfter the disaster. All subjects completed
questionnaires to gather information about their background factors which included the Kessler Psychological
Distress Scale: Ké.
Results: The DVT detection rate was 10.7% in the temporary group. In the non-temporary group, itwas | [.3%
among the subjects who previously lived in temporary housing. For the subjects who were living in their own homes,
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it was 9.2%. Psychological distress levels measured by Ké were significantly higher in the temporary housing
group than in the non-temporary housing group. The multivariate analysis showed that the background factor
associated with DVT risk was SV (soleal vein) dilatation in all subjects as well as in the non-temporary housing
group, while hypertension and use of sleeping pills were found to be the factors in the temporary housing group.
Conclusions: DVT detection rates were similar between the temporary and non-temporary housing groups,
and were higher than that in the Japanese general population. The psychological distress level of the tsunami
victims measured by Ké was also higher in the temporary housing group than in the non-temporary housing
group. It is necessary to establish a long-term and awareness-raising disaster victim support system.

Key words: Great East Japan Earthquake, tsunami disaster area, temporary housing,
disaster-related diseases, psychological distress survey

Acta Angiol 2020; 26, 4: 129-139

Introduction

After a major disaster, the risk of cardiovascular disease,
infection and psychological disorders increases among
survivors under stressful conditions [I]. Deep vein
thrombosis (DVT), one of the disaster-related diseases,
has been attracting public attention since the Mid Niiga-
ta Prefecture Earthquake in 2004 [2]. An increased risk
of developing DVT was reported among evacuees in
emergency shelters and temporary housing in disaster
areas [2-6]. Post-disaster DVT is assumed to occur at
a high rate due to poor living conditions in shelters and
temporary housing, under which evacuees dehydrate
because they try to refrain from water intake to reduce
their frequency of urination, face low levels of physical
activity and sleep in vehicles [2-6].

In Ishinomaki City, Miyagi Prefecture, another
area affected by a tsunami after the Great East Japan
Earthquake, an increased risk of developing DVT over
a long period of time was reported among residents in
temporary housing and houses in the affected area even
after their living environment was improved [4]. Our
study was conducted in Watari-gun, Miyagi Prefecture
(Watari-town and Yamamoto-town), an area which
was also severely affected by the tsunami. In our study
area, the temporary housing was gradually removed
as reconstruction progressed from the third year after
the disaster, and the living conditions for survivors
were improved. DVT screening was performed for the
purpose of prevention and to raise awareness among
disaster survivors. Temporary housing residents are
more likely to develop DVT because of their low activity
levels. This study reports on the comparison of DVT
detection rates between temporary housing residents
(temporary housing group) and non-temporary housing
residents (non-temporary housing group) and also on
the identified risk factors.

Material and methods

Disaster situation in our study area

Watari-gun, Miyagi Prefecture (Watari-town and
Yamamoto-town) is located approximately 40 km south
of Sendai City and is an industrial area focusing on agri-
culture and fishing with a population of approximately
50,000. In the Great East Japan Earthquake, there
were 885 people who died or were missing, 13,000
people were forced to evacuate from their homes, and
7,075 houses were destroyed or partially destroyed.
In September 201 I, the number of evacuees living in
temporary housing reached 6,050. These temporary
housing complexes were however mostly removed as
reconstruction progressed.

Study subjects

A total of 290 subjects who were living in temporary
housing and houses in neighboring areas in Watari-gun,
Miyagi Prefecture (64 men, 226 women; mean age =
= 71.9 = 7.9 years) participated in our screening ac-
tivity. The subjects were divided into two groups: 149
in the temporary group (33 men, |16 women; mean
age = 73.4 = 8.4 years) and 141 in the non-tempo-
rary group (31 men, | 10 women; mean age = 70.3 =
+ 7.0 years). Of the 141 subjects in the non-temporary
housing group, 44 were those who previously lived in
temporary housing (9 men, 35 women; mean age =
= 70.8 * 9.4 years), and 97 were those who continued
living in their own homes (22 men, 75 women; mean
age = 70.0 * 5.6 years). There were |79 subjects
who previously underwent DVT screenings (including
screenings conducted by other organizations). The
screening was performed at 44 months after the disas-
ter for a total of 2 days (November | and 2, 2014). Two
subjects in the temporary housing group and four in the
non-temporary housing group were excluded because
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of inadequacies in the Kessler Psychological Distress
Scale (Ké) questionnaire, resulting in the temporary
housing group having 147 and the non-temporary
housing group having 137. Our targeted number of
participants was approximately 300.

Setting and examination team

DVT screening was undertaken at meeting places located
in temporary housing, healthcare centers and public halls
in Yamamoto-town, Watari-gun, Miyagi Prefecture. The
medical examination team was organized mainly by the
University of Fukui School of Medical Sciences with cooper-
ation from volunteer healthcare providers (doctors, nurses,
laboratory medical technologists, etc.) and medical students.

Examination items

Our DVT screening activity was performed in tempo-
rary housing in cooperation with the local authority
of Watari-town and Yamamoto-town. Posters to raise
awareness about DVT prevention were displayed
one month prior to the screening. Participation in the
screening was on a voluntary basis. All subjects pro-
vided written informed consent, and the examination
was conducted in the following order: a questionnaire
(age, sex, lifestyle, K6, underlying disease, life after
a disaster), blood pressure measurement, lower-ex-
tremity venous ultrasonography and explanation of
the result. The underlying diseases (dyslipidemia,
diabetes mellitus, heart disease, hypertension) of the
subjects were reported based on their answers to the
self-report questionnaire. When subjects answered
in the questionnaire that the time spent walking was
reduced in comparison with before the disaster, they
were classified as having reduced walking hours. The
ultrasonography was performed by several medical
technologists, each with more than five years of ex-
perience [5, 6]. To improve uniformity, the evaluation
criteria were discussed prior to the screening [5, 6].
Screening was undertaken using portable ultrasound
machines (LOGIQe, GE Healthcare with a 3.3-10.0
MHz linear probe; Noblus, Hitachi Medical Corporation
with a 5-18 MHz linear probe; CX50, Philips Japan,
Ltd., with a 3—12 MHz linear probe; Viamo, Canon
Medical Systems Corporation with a 6.2—-11.0 MHz
linear probe; NanoMaxx, SonoSite Inc., with a 6—13
MHz linear probe). Ultrasound examinations were
performed from the calf to the popliteal veins in the
sitting position [5, 6]. Only screening of the calf to the
popliteal veins was conducted due to the large number
of participants as well as the limitations in our screening
setting and time [5, 6]. The presence of thrombus was
confirmed using a combination of the color Doppler and
the compression technique, where there was a lack of
compressibility [5-8]. Thrombi were classified as or-

ganized or fresh [6, 91 I]. Inner diameters (short-axis)
of the soleal vein (SV) were measured in the sitting
position with the lower extremity muscles relaxed,
and maximum diameter was used in our analysis. When
measuring the diameters, the probe was placed so as
not to put pressure on the SV and measurements were
not made on the venous valves. The maximum diameter
of the soleal vein (SV) was examined, and a diameter
> 8 mm was defined as dilatation [6, 12]. Subjects who
were found to be DVT-positive received a patient
referral document and were encouraged to visit their
local medical institutions. Ké was also used to measure
the psychological distress levels of the subjects. Ké
consisted of six items measuring depression and anxi-
ety over the past month on a five-point scale [13]. The
Japanese version of the Ké has also been developed and
the reliability and validity have been confirmed [14].
Because the levels of psychological distress caused by
the tsunami disaster were assumed to be high in our
study area, subjects who scored more than |3 points
were classified as having a psychological disorder [15].

Statistical analysis

Age, systolic blood pressure, diastolic blood pressure,
K6 and SV diameter are reported as means =+ standard
deviations, and categorical variables are reported as
frequency and percentage (%). R commander version
.28 was used for the statistical analysis. Mann-Whit-
ney U test and the y” test (including Yates’ continuity
correction) were used for comparisons between the
two groups. To identify risk factors for DVT, multivar-
iate logistic regression analysis (stepwise method) was
performed. In all comparative tests, a p-value of < 0.05
was considered statistically significant.

Results

DVT was diagnosed in 30 of the 290 subjects screened
(10.3%), of whom |3 were fresh thrombi (4.4%) and
|7 were organized thrombi (5.8%).

Comparison of demographic characteristics in all
subjects with or without DVT is shown in Tables I, 2
and Figure 1.

Univariate analysis showed that SV dilatation (43.3%
vs 19.2%; p < 0.01) and a previous history of DVT
screening (83.3% vs 59.2%; p < 0.05) were significantly
higher in the DVT-positive group than in the negative
group. Multivariate analysis showed that SV dilatation
was the background factor associated with DVT risk in
all subjects (odds ratio 3.21; 95% confidence interval
1.460-7.040; p = 0.0035).

Comparison of demographic characteristics of sub-
jects with or without DVT in the temporary housing
group is shown in Tables |, 2, and Figure I.
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Number 290 cases

|

DVT 30 cases in all (10.3%)

|

Temporary housing group
149 cases

|

DVT 16 cases (10.7%)

[
[ |

Fresh thrombus Organized thrombus Fresh thrombus Organized thrombus
7 cases 9 cases 6 cases 8 cases
Former temporary Former temporary
housing residents housing residents
[
Temporary housing group vs non-temporary housing group (p = 0.90 Yes 3 No 3 Yes 2 No 6
Nominal variables: 5 test (between each pair of two groups) cases cases cases cases

|

Non-temporary housing group
141 cases

|

DVT 14 cases (9.9%)

[
[ |

Figure |. Flow diagram of subject selection

Univariate analysis showed that the rate of subjects
with hypertension (81.2% vs 49.6%; p < 0.05) was
significantly higher in the DVT-positive group than in
the negative group. Multivariate analysis showed that
hypertension (odds ratio 4.4; 95% confidence interval
1.200-16.100; p = 0.025) and use of sleeping pills
(odds ratio 3.27; 95% confidence interval 1.090-9.810;
p = 0.034) were the risk factors for DVT in the tem-
porary housing group.

Comparison of demographic characteristics of
subjects with or without DVT in the non-temporary
housing group is shown in Tables 1, 2, and Figure I.

Univariate analysis showed that SV dilatation (50.0%
vs 21.3%; p < 0.05) and previous history of DVT
screening (78.6% vs 32.3%; p < 0.01) were significantly
higher in the DVT-positive group than in the negative
group. Multivariate analysis showed that SV dilatation
(odds ratio 3.7; 95% confidence interval 1.200-11.500;
p = 0.023) was the background factor associated with
DVT risk in the non-temporary housing group.

Comparison of DVT detection rates and background
factors between temporary and non-temporary housing
groups is shown in Table 3 and Figure I.

The DVT detection rates in the temporary and
non-temporary housing groups were 10.7% (16 of
149) and 9.9% (14 of 141), respectively, Therefore,

no significant difference was observed (p = 0.90). Of
the 16 DVT-positive subjects in the temporary housing
group, seven had fresh thrombi and nine had organ-
ized thrombi. The DVT detection rate for the former
temporary housing residents in the non-temporary
housing group was | 1.3% (5 of 44). Of the five, three
had fresh thrombi and two had organized thrombi.
The DVT detection rate among those who continued
living in their homes in the non-temporary group was
9.2% (9 of 97). Of the nine, three had fresh thrombi
and six had organized thrombi. In the comparison of
background factors, age (73.4 = 8.4 yearsvs 70.3 = 7.0
years; p < 0.005), reduction of walking hours (64.4%
vs 34.8%; p < 0.0001) and previous history of DVT
screening (85.2% vs 36.9%; p < 0.0001) were signif-
icantly higher in the temporary housing group than in
the non-temporary housing group.

Comparison of psychological distress levels of sub-
jects between temporary and non-temporary housing
groups is shown in Table 4.

Univariate analysis showed that age (73.3 = 8.4
years vs 70.3 * 7.0 years; p < 0.005), K6 (11.2 +5.9
vs 9.7 = 4.9; p < 0.05) and psychological disorder
(38.1% vs 22.6%; p < 0.01) were significantly higher
in the temporary housing group than in the non-tem-
porary housing group.
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Table 3. Comparison of temporary housing and non-temporary housing group (characteristics of individuals studies)

Temporary housing Non-temporary housing p-value
n =149 n=141

Age (years) 734 + 84 703 +7.0 0.00276
Gender (male/female) 33/116 31/110 |
Blood pressure

SBP (mm Hg) 137.7 £ 19.7 138.7 = 18.7 0.6483

DBP (mm Hg) 79.7 £ 14.5 814+ 126 0.1243
Lifestyle

Exercises n (%) 94 (63.1) 104 (73.8) 0.0679

Smoker n (%) 16 (10.7) 6 (4.3) 0.0626
Use of sleeping pills n (%) 56 (37.6) 39 (27.7) 0.094
Underlying disease

DL n (%) 75 (50.3) 86 (61) 0.0878

DM n (%) 25 (16.8) 16 (11.3) 0.247

Heart disease n (%) 41 (27.5) 40 (28.4) 0.976

HT n (%) 79 (53.0) 79 (56) 0.692

Insomnia n (%) 67 (45) 53 (37.6) 0.871
Life after a disaster

Reduced urination (Acute phase of the disaster) n (%) 45 (30.2) 40 (28.4) 0.831

Sleeping in a vehicle (Acute phase of the disaster) n (%) 27 (18.1) 32(22.7) 0.412

Lower limb symptoms (Acute phase of the disaster) n (%) 67 (45) 49 (34.8) 0.098

Reduction of walking hours n (%) 96 (64.4) 49 (34.8) < 0.0001

Previous history of DVT screening n (%) 127 (85.2) 52 (36.9) < 0.0001
Ultrasonographic findings

DVT n (%) 16 (10.7) 14 (9.9) 0.973

Maximum diameter of the soleal vein (mm) 6.6 1.5 69+ 19 0.185

Soleal vein dilatation (= 8 mm) 29 (19.5) 34 (24.1) 0414

Mean = standard deviation. Nominal variables are shown as frequency (%).

SBP: systolic blood pressure; DBP: diastolic blood pressure; DL: dyslipidemia; DM: diabetes mellitus; HT: hypertension; DVT: deep vein thrombosis

Continuous variables: Mann-Whitney U test (between each pair of two groups); nominal variables: ” test (between each pair of two groups)

Table 4. Comparison of temporary housing and non-temporary housing group (Kessler Psychological Distress Scale K6)

Temporary housing group n = 147

Non-temporary housing group n = 137

Age (years) 73.3 =84 70.1 £ 6.9 0.0028
Gender (male/female) 33/114 31/106 |

Ké 11259 9.7 £ 49 0.0264
Ké (> 13) 56 (38.1) 31 (22.6) 0.007

Mean = standard deviation. Nominal variables are shown as frequency (%)

Continuous variables: Mann-Whitney U test (between each pair of two groups) nominal variables y* test (between each pair of two groups)

Discussion

DVT detection rates and risk factors
in all subjects

A high incidence of DVT detected by the lower extrem-
ity venous ultrasonography was also reported in a study

conducted among residents in the affected areas after
the Mid Niigata Prefecture Earthquake in 2004, and the
incidence rate remained higher compared with that in
the non-disaster area in Japan even eight years after the

www.journals.viamedica.pl/acta_angiologica

disaster [16]. The high detection rate (13.5%) was also
reported in the temporary housing resident population
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in the case of lwate Prefecture even four years after
the Great East Japan Earthquake. Therefore, the risk
of DVT is assumed to increase after a major disaster
regardless of the type of evacuation, and is likely to
remain high for a long period of time [5]. In this study,
the overall DVT detection rate at 44 months after the
disaster was 10.3%, which was still much higher than
that of the general Japanese population (1.8-2.3%) [4].
Our screening program has also identified that SV
dilatation is a background factor associated with DVT
risk in all subjects. SV dilatation is a known risk factor
for DVT in post-disaster settings. The SV was found
to be the most important as the initial site of DVT
caused by blood flow stasis [17]. The incidence of DVT
associated with SV dilatation has also been reported in
several studies [12, 18, 19]. Many cases of idiopathic
DVT were observed among Japanese people who had
a SV diameter > 7 mm. In the disaster affected areas
after the Kumamoto Earthquake, DVT was diagnosed
more in survivors (staying in disaster shelters) who had
an SV diameter > 8 mm than those with a smaller diam-
eter. In the survivor population of the Great East Japan
Earthquake, SV dilatation (= 9 mm) in the DVT-positive
group was reported to be significantly higher than that
in the DVT-negative group (= 9 mm) [6, 12, 18]. In
the patients who underwent arthroplasty, SV dilation
(= 10 mm) was reported to be an independent positive
predictor of DVT [19]. SV dilatation has not only been
reported as a risk factor for DVT, but also as a factor
for sustained DVT [20]. SV dilatation contributes to
thrombus formation and results in the development of
DVT. This may suggest that people with SV dilatation
are more likely to suffer from sustained DVT. When
physicians treat patients with DVT, they should note
that SV dilation is a typical factor in ultrasound imaging
that indicates a history of DVT.

In the disaster area, it has been shown that disuse
syndrome can diminish calf muscle pump functionality,
which causes venous congestion, and people are more
likely to develop DVT. In the case of tsunami victims
in Ishinomaki City, low levels of physical activity due
to their inconvenient lifestyle were observed and this
might have contributed to the development of disuse
syndrome regardless of living in temporary housing
or in their own homes [4]. To avoid having low levels
of physical activity, exercise classes were therefore
carried out mainly at temporary housing locations.
These classes were effective in improving their sense
of well-being, but it did not have a substantial impact
on the disaster victims [21]. Our study population
might have had exercise habits, but we assume that
the reduced levels of physical activity were unable
to be prevented. In our walking-hour survey, half of
the disaster victims stated that their walking time per

day was reduced compared to what it was before the
earthquake. SV dilatation caused by reduced levels of
physical activity after the disaster may have contributed
to the development of DVT.

Our high detection rate of DVT may be due to the
fact that this study was conducted in a disaster-affected
area and included disaster victims with underlying dis-
eases (hypertension, diabetes mellitus and dyslipidem-
ia). Metabolic syndrome (MetS), the clustering of hyper-
tension, hyperlipidemia, diabetes mellitus, and obesity,
is a known factor for increasing the risk of venous
thromboembolism (VTE) [22]. In addition, an increased
risk of recurrent VTE following the accumulation of
MetS components, including hypertension, diabetes
mellitus, dyslipidemia and obesity, was reported [23].
The VTE recurrence rate was 14% in patients with one
component, followed by 21% with two components,
30% with three components, and 37% with all four
components [23]. The higher the number of MetS
components, the higher the risk of VTE.

Disaster-related DVT was not found to disappear
even after several years in many people who developed
it immediately after the disaster [5, 16]. The reason for
this may be because disaster victims with organized
thrombi are more likely to suffer from recurrent DVT
over a long period of time [6, |16]. SV dilatation has been
shown to be a risk factor for DVT in our study, but it
was also reported to be a risk factor for sustained DVT.
In addition to this, our study has included subjects who
developed DVT immediately after the disaster as well
as those who had underlying diseases. This may have
contributed the high DVT detection rates in our study.

Addressing self-selection and non-respondent bi-
ases is necessary in disaster area studies. In this study,
there were many subjects who were concerned about
disaster-related diseases, which might have introduced
self-selection bias, and thus the actual prevalence of
DVT might have been lower than that shown in our
study. On the other hand, in order to avoid non-re-
spondent bias, it is particularly important to take
measures to encourage all survivors to participate in
social activities, including screening activities, in the
disaster affected areas.

Comparison of background factors between
temporary and non-temporary groups

In the comparison of background factors including
those related to living conditions during the disaster
reconstruction phase, age, reduction of walking hours
and psychological disorders were found to be signifi-
cantly higher in the temporary housing group than in
the non-temporary housing group. In the psychological
distress level survey using K6, the prevalence of psycho-
logical disorders in both the temporary housing group

136 www.journals.viamedica.pl/acta_angiologica



Hidenori Onishi et al., Deep-vein thrombosis in tsunami disaster area

(38.1%) and non-temporary housing group (22.6%)
were remarkably higher than in the general Japanese
population (2.39%) [24]. A post-disaster survey in Miyagi
Prefecture (18 years and older) reported that the prev-
alence of psychological disorders was 8.6% in disaster
public housing and 7.5% in temporary housing [25].
The prevalence was higher in our study subjects both in
temporary and non-temporary housing groups. The rate
in another survey (35.9%), which was conducted one
year after the disaster among residents (40 years and
older) in Iwanuma City, Miyagi Prefecture, shows a per-
centage similar to that of the temporary housing group
rate in our study [26]. There may be a gap between the
regions within the same prefecture. Because the ma-
jority of our subjects belong to the elderly population,
the increase in the number of psychological disorders
may have been a change specific to the elderly. In the
disaster reconstruction phase, stress reactions are likely
to cause solitary deaths and social withdrawal among
elderly people, and these changes are more common
among women [27-29]. However, more than 70% of
the subjects in our study were women in both groups,
and this suggests that no difference due to gender may
have been observed in the detection rates. Although
the risk factors for DVT differ between temporary and
non-temporary housing groups, there is no significant
difference in the DVT detection rates, which were
high in both groups even three years after the disaster.
Although there are some differences in terms of sup-
port for survivors and their living conditions between
the temporary and non-temporary housing groups, it
can be assumed that the onset and sustaining of DVT
is a health problem related to the lifestyle of individual
survivors. In contrast, the risk factors for DVT differ
between the temporary and non-temporary groups.
Because a previous study reported that risk factors
for DVT could change over time after the disaster, the
difference in environmental improvement levels might
have led to the variation of risk factors [4, 5, 16, 30].
The risk factors for DVT in this study differ between
the temporary and non-temporary groups depending
on the support system and their living conditions, which
might have contributed to the high incidence of DVT
in both groups.

Risk factors for DVT in the temporary

housing group

In our study, the risk factors for DVT in the tempo-
rary housing group were hypertension and the use of
sleeping pills. The association between hypertension
and DVT was reported in a study conducted six years
after the Mid Niigata Prefecture Earthquake [31]. Af-
ter a major disaster, the risk of cardiovascular disease,
infection and psychological disorders increases among

survivors under stressful conditions, and hypertension
was the most common incidence [I, 32]. The tempo-
rary housing group can be referred to as a high-stress
population as they scored 19.1 = 9.1 in the Ké. The
use of drugs, such as antipsychotics, and alcohol that
depress the central nervous system and cause muscle
relaxation of the lower extremity may also contribute
to the development of DVT [33, 34]. The longer the
evacuation period lasts, the more people complain of
mental health problems and insomnia, and they want
to take sleeping pills. The use of sleeping pills was re-
ported as one of the risk factors for DVT in a previous
study conducted after the Kumamoto Earthquake in
2016 [35]. Because some types of sleeping pills have
muscle relaxation effects [36], special attention needs
to be paid to prevent the development of DVT. Given
these, risk factors for DVT (hypertension and the use
of sleeping pills) can be applied to disaster-affected
areas in common regardless of the type of disaster. For
example, an earthquake directly above its epicenter,
tsunami disaster or others.

This study has several limitations. First, this was
a cross-sectional study and causality was therefore
not determined. Second, a detailed assessment for
the stage when our subjects were staying in the
disaster shelters was not made. Third, a detailed
assessment regarding previously reported common
risk factors for DVT was not made. Fourth, because
many subjects in the temporary housing group had
a history of DVT screening, the awareness of DVT
was possibly high in this population. Fifth, it was
impossible to target all disaster victims living in tem-
porary housing. Sixth, because medical history and
lifestyle were judged using a self-report question-
naire, considerations based on the actual influence
were not made. Seventh, those with underlying dis-
eases were also included in our study. Eighth, elderly
women tended to participate in community health
and social welfare programs more than elderly men.
Therefore, less elderly men participated in our study.
Future studies that take these eight limitations into
consideration are therefore necessary.

Conclusions

DVT detection rates were similar between the tem-
porary and non-temporary housing groups, and were
higher than that in the general Japanese population.
The Psychological distress levels of the tsunami victims
measured by Ké were higher in the temporary housing
group than in the non-temporary housing group. It is
necessary to establish a long-term and awareness-
-raising disaster victim support system to prevent
disaster-related diseases.
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Abstract

Primary intestinal lymphangiectasia (PIL), also known as Waldmann's disease, is a rare disorder manifested
by the presence of dilated intestinal lymphatic ducts and leading to protein-losing enteropathy. PIL usually
presents early in childhood; however, rarely may be also diagnosed in adults. Suggestive laboratory findings
include hypoproteinemia, hypoalbuminemia, and hypogammaglobulinemia. Peripheral pitting edema due to
hypoalbuminemia is the main clinical feature. Peripheral lymphedema is a less common symptom. We present
a case of a 23-year-old woman with lymphedema of lower extremities and PIL diagnosed in childhood.
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Introduction

Primary intestinal lymphangiectasia (PIL), also known as
Waldmann'’s disease, is a rare disorder, resulting from
the presence of dilated intestinal lymphatic ducts and
leading to protein-losing enteropathy. Dilated intestinal
lymphatics lead to lymph leakage into the lumen of the
small intestine and consequently, to hypoalbuminemia,
hypogammaglobulinemia, lymphopenia, and in severe
cases to generalized edema. PIL usually occurs in chil-
dren before 3 years of age and adolescents, but rarely
may be also diagnosed in adults [I, 2]. We described
a case of a 26-year-old woman with lymphedema of
lower extremities and PIL diagnosed in childhood.

Case report

A 26-year-old woman was referred to the Department
of Angiology, Hypertension and Diabetology at Wro-
claw Medical University because of edema of lower
extremities. The lower limb edema was observed for
the first time at the age of six months and has gradually
progressed. The medical history of the patient revealed
a very typical course of primary intestinal lymphangiec-

tasia (PIL). Shortly after birth, temporary swelling of the
labia appeared. The edema of the lower extremities was
the next symptom. Until the age of five, the patient was
repeatedly hospitalized due to recurrent respiratory
infections accompanied by hypoalbuminemia (21 g/L),
hypoproteinemia (42 g/L), hypogammaglobulinemia
(IgG: 2-3.5 g/l; 1gA: 0.16 g/l) and lymphopenia (10%).
The endoscopic examination of the gastrointestinal tract
and albumin scintigraphy did not clearly confirm the
PIL. The abdominal computed tomography (CT) and
magnetic resonance imaging (MRI) have shown small
intestine thickening with slight ascites. Finally, at the
age of five, the patient underwent a laparotomy, which
revealed the presence of intestinal lymphangiectasia.
Histopathological examination of biopsy specimens
taken during laparotomy established the suspected di-
agnosis of PIL. Since childhood the patient did not suffer
from any recurrent abdominal pain, nausea, vomiting,
weight loss, obstructive ileus, or steatorrhea. The lower
extremity edema during the current hospitalization
was the dominant clinical symptom, which significantly
affected the everyday life of the patient (Fig. ). Diet
therapy with medium-chain triglycerides (MCT) has
been applied since the diagnosis of PIL. In the past, the
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Figure |. Lymphedema of the lower extremities in our patient. In the second photo the patient is wearing the compression

stockings, which are the basic treatment of lymphedema
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Figure 2. Lymphoscinthigraphy showing the lack of visualization of the lymphatic trunks in both legs and of the inguinal lymph nodes

on the right side. Dermal backflow is also visible within the calves

patient was also treated with intravenous immunoglob-
ulins, intravenous fresh frozen plasma, and octreotide.
However, these therapies resulted in only temporary
improvement of hematological and scintigraphy findings.
The patient has never been treated with compression
therapy because of the leg lymphedema.

On a physical examination performed during the
current hospitalization, the scar after laparotomy and

moderate peripheral edema of lower extremities, with
Stemmer’s sign and skin thickening, was noted. The
laboratory studies revealed hypoalbuminemia and hy-
pogammaglobulinemia. The lymphoscintigraphy of the
lower extremities revealed the lack of visible lymphatic
trunks in both legs and of the inguinal lymph nodes on
the right side. Dermal backflow was also noticeable
within the calves (Fig. 2). The compression therapy,
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firstly with low-stretch bandages and secondly with
compression stockings, has been started with the good
clinical effect of lymphedema reduction. The sirolimus,
a mammalian target of rapamycin (mTOR) inhibitor
and/or intestine microsurgery has been considered for
further treatment.

Discussion

Primary intestinal lymphangiectasia (PIL) is a rare pro-
tein-losing enteropathy of unknown prevalence. Less
than 200 cases have been reported since 1961 when
Waldmann et al. described the first |18 cases of the dis-
ease [I]. The etiology of PIL is unknown. It is caused
by congenital malformation or obstruction of intestine
lymphatics with concomitant increased intraluminal
pressure. The disease can affect all small intestine or
maybe segmental. It leads to dilatation of lymphatic
vessels in mucosa, submucosa, and subserosa and lymph
leakage into the small bowel lumen resulting in hypoal-
buminemia, hypogammaglobulinemia, and lymphopenia
[I, 2]. The basic clinical feature is peripheral pitting
edema of variable degree, usually symmetrical, due to
low oncotic pressure usually involving lower limbs, face,
external genitalia, scrotum, or vagina. Serous effusions
in more severe cases are also common — pleural effu-
sion, chylous ascites, and pericarditis may be present in
patients and may be life-threatening. Other concomi-
tant symptoms are abdominal pain, nausea, vomiting,
moderate diarrhea, fat-soluble vitamin deficiencies, and
weight loss [2-5]. In our patient, there were no diges-
tive symptoms all the time. However, diet therapy was
applied just after the diagnosis of PIL. The swelling of
the labia was the earliest symptom of the disease in our
patient. Lymphedema of lower extremities was the next
clinical feature. Lymphedema of lower limbs is a rarer
symptom in PIL [1]. Lymphedema of upper extremities,
breast, and external genitalia were also noted [6]. At
the age of 26, lymphedema of lower limbs affected our
patient’s quality of life the most. However, compression
therapy was started scarcely during hospitalization in
our Department.

The diagnosis of PIL in our patient was based on the
clinical course, laparotomy, and histopathological find-
ings of intestine specimens taken during laparotomy. At
present, endoscopy with histopathological assessment
of intestine biopsy is the most important tool in PIL
diagnostics [1]. The laboratory findings of hypoproteine-
mia, hypoalbuminemia, hypogammaglobulinemia, and
lymphocytopenia may be suggestive. The macroscopic
abnormalities which may be found during small bowel
endoscopy include scattered whitish spots (snowflake
appearance), thickened villi, and edematous mucosa

of the small intestine [7]. Although capsule endoscopy
cannot be used to perform a biopsy, it is a comforta-
ble method to examine mucosa of the small intestine
[I, 7, 8]. Radiologic examinations also can be useful.
Ultrasonography has the potential to show dilation of
the intestinal loops, regular and diffuse thickening of the
walls, plical hypertrophy and mesenteric edema [9]. CT
may reveal thickening and edema of small intestine wall,
as a consequence of the dilated lymphatics [10, I1].
Moreover, Sun et al. documented a new diagnostic
method of multiple-detector computed tomography
(MDCT) after direct lymphangiography in 55 patients
with PIL. In this study, intra- and extraintestinal abnor-
malities, especially regarding the morphology and the
extent of lymphatic vessel involvement were observed.
Therefore, it can be a significant tool for the diagnosis of
PIL [12]. Lymphoscintigraphy is a useful diagnostic tool
for identifying abnormal lymphatics within the upper
and lower extremities [I, 13].

The rarity of PIL is the reason for the lack of treat-
ment guidelines in this disorder. Dietary intervention
is the gold standard in PIL management. A low-fat and
high-protein diet supplemented with medium-chain
triglycerides (MCT) is usually recommended [7, 8].
The majority of PIL children respond to dietary therapy
and according to Prasal et al. only 20% need additional
therapy [14]. Lipid elements in food provoke lymphatic
pressure increase and lymphatic leakage into the small
bowel lumen. A low-fat diet reduces lymphatic flow and
lacteal dilation and thus helps to prevent lymph loss.
MCTs are absorbed directly in portal venous circula-
tion by passing the lymphatic system and thus provide
nutrient fat and lessens lacteal engorgement [2]. Other
treatment methods can be used in the combination with
a low-fat diet with MCT supplementation, mostly in
severe cases. These are as follows: octreotide (150-200
ug twice a day or slow-release formulation), tranexamic
acid (I g, 3 times a day), antiplasmin, corticosteroids,
vitamin D supplementation, albumin infusion (applied in
patients with significant serous effusion) [I, 15] . In the
cases with segmental lesions within intestine, surgical
procedures as small bowel resection may be recom-
mended [16]. Recently, the successful use of mMTOR
inhibitors (sirolimus, everolimus) in the treatment of
a small collection of vascular anomalies and PIL has
also been reported [17, 18]. Lymphedema of upper
and lower extremities should be treated with stand-
ard compression therapy, including complex physical
therapy and compression garments [19].
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Clavicular non-union as an undiagnosed
cause of progressive limb-threatening upper

extremity ischemia
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Abstract

A rare case of progressive upper limb-threatening ischemia is presented. The ischemia was caused by the
chronic embolization from the axillary artery that was compressed by the clavicular pseudoarthrosis due to

the remote in time fracture.
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Introduction

In comparison to lower extremity, upper limb is less
often affected by both acute and chronic limb ischemia.
Also, the progression of disease to limb-threatening is-
chemiais less frequent. The etiology is also different, while
the atherosclerosis prevails in lower limb, the upper limb
ischemia is most commonly caused by vascular trauma and
cardiogenic embolism [I]. That is why the limb-threat-
ening ischemia and its etiology may be misdiagnosed and
adequate treatment delayed. The purpose of this report
is to present a case of progressive upper limb-threatening
ischemia due to chronic intermittent compression of the
axillary artery by the clavicular pseudoarthrosis.

Case report

A sixty-two-year old male was referred to the De-
partment of Vascular Surgery because of severe rest
pain and gangrene of stumps of the fingers of the right
upper limb. He was a retired truck driver and heavy
cigarette smoker. Four months earlier he presented
to the general surgery department because of infected
necrosis of the fingers of right hand. At that time the
infected and necrotic fingers were incised and drained.

Due to lack of improvement and progression of necrosis
ischemia was suspected, and the patient was referred
to a vascular surgeon. The ischemia was confirmed.
Thromboembolectomy of brachial and forearm arteries
was performed together with the forearm fasciotomy.
Good inflow and outflow were obtained and a remarka-
ble improvement of perfusion of the limb was observed.
At that time no atrial fibrillation was observed, and
cardiogenic embolism was excluded. The patient was
referred back to general surgery department for the
amputations of the necrotic phalanges.

At the present hospitalization the limb was critically
ischemic and axillary, brachial and distal pulses were
absent. A resilient bulge was noted in the supraclavicular
area (Fig. |). Thorough history-taking revealed fractures
of the right clavicle at three occasions at the age of 12
that is 50 years earlier. Plain X-ray showed the presence
of clavicular non-union with its deformation (Fig. 2).
Computed Tomography Angiography (CTA) showed
patent and free of stenosis brachio-cephalic trunk and
subclavian artery, severe stenosis of the proximal por-
tion of axillary artery with patency of its distal segment,
brachial artery was stenosed in its proximal segment and
occluded distally and the take-off of deep brachial artery
was also occluded. The stenosis of the axillary artery
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Figure |. Aresilient bulge was observed in the supraclavicular
area

i 1

Figure 2. A clavicular non-union with its deformation seen
on plain X-ray

was exactly at the site of the clavicular pseudoarthrosis
(Fig. 3). The patient was qualified for an urgent surgery.
Through an S-shape incision the deformed clavicle
together with the pseudoarthrosis was removed. That
allowed a good exposure of the axillary artery which
was dilated. After longitudinal arteriotomy a thickening
of arterial wall and the presence of old thrombi were
observed. The lumen was not dilated. With Fogarty

Figure 3. The stenosis of the axillary artery at the site of the
clavicular pseudoarthrosis and occlusion of brachial artery
seen on the pre-operative CTA

catheter similar old thrombi were removed from the
distal axillary artery and proximal brachial artery and
a good inflow and outflow were observed (Fig. 5). It
was not possible to advance the Fogarty catheter more
distally. The arteriotomy was closed with a continuous
5/0 polypropylene suture and the wound was drained
and sutured in a layered fashion. Postoperatively, the
rest pain subsided and a marked improvement of the
perfusion of the limb was observed. A CTA showed
widely patent subclavian, axillary and proximal brachial
and profunda brachial arteries, the middle portion of
brachial artery was occluded and the flow in its distal
portion and forearm arteries was reconstituted through
collaterals from profunda brachial artery (Fig. 4). The
necrotic portions of stumps of the fingers were ream-
putated and primary healing was achieved. In the six
months follow-up no recurrence of limb-threatening
ischemia was observed.

Discussion

This report presents a case of a misdiagnosed upper
chronic limb-threatening ischemia. Initially the infected
gangrene of the fingers was not associated with limb
ischemia and then though the ischemia was diagnosed
and treated its cause was not established that led to
its recurrence. In the absence of cardiogenic cause of
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Figure 5. Old thrombotic material removed from the axillary
artery and proximal part of brachial artery

emboli, a post embolectomy angiography should have
been performed to look for a non-cardiogenic source.
The arterial compression by the pseudoarthrosis of
the clavicle is a rare but already described cause [2, 3].
Interestingly, there was a 50-year interval between cla-
vicular fracture and the occurrence of limb threatening
ischemia. Similarly, in recent single case reports limb
ischemia developed 43 and 30 years after fracture of the
clavicle [2, 3]. That long interval may have contributed

to a failure to associate the symptoms with the presence
of clavicular pseudoarthrosis. In the described case,
a chronic repetitive compression of the axillary artery
by the clavicular pseudoarthrosis lead to its inflamma-
tion, as reflected by the thickening of its wall and throm-
bosis, which was the cause of progressive embolization
of the brachial artery. The chronicity is supported by
the presence of very well-developed collateral circu-
lation from the profunda brachial artery as well as by
the impossibility of thrombus removal from the middle
portion of the brachial artery. It may somehow resem-
ble an arterial thoracic outlet syndrome. However, in
the latter case typically a post-stenotic aneurysm is the
source of emboli. That was not the case in presented
patient that points to an intermittent and not permanent
compression of axillary artery.

The thrombectomy of axillary artery and proximal
portion of brachial artery removed a source of poten-
tial emboli, restored good inflow and re-perfused the
deep brachial artery that resulted in a significant im-
provement in the blood flow to the limb. In case when
limb perfusion was unsatisfactory a bypass to the distal
brachial artery should be considered.

One of the drawbacks that limit the interpretation of
angiographic finding is lack of the preoperative angiogra-
phy with the upper limb in an anatomical position and of
the postoperative angiography with the elevated limb.
To prevent the exposure of the patient to the iodinated
contrast media and ionizing radiation in a short period
of time an additional angiography was not performed.
However, we believe that stenosis of axillary artery
observed with limb elevation is always pathological.

In conclusions, in case of upper limb ischemia its
causes should be thoroughly investigated. Failure to
establish the etiology of ischemia will result in recur-
rence and further deterioration of the condition of the
extremity. History of the fracture of the clavicle, even
if remote, should draw attention to the possible arterial
compression syndrome.

Conflict of interest
None.

References:

I. Deguara], Ali T, Modarai B, et al. Upper limb ischemia: 20 years
experience from a single center. Vascular. 2005; 13(2): 84-91,
doi: 10.1258/rsmvasc.|3.2.84, indexed in Pubmed: 15996362.

2. Miyamotto M, Sanvido LV, Brendolan LF, et al. Late presentation
of critical upper limb ischemia caused by pseudarthrosis of the
clavicle. | Vasc Bras. 2018; 17(2): 174177, doi: 10.1590/1677-
5449.009617, indexed in Pubmed: 30377431.

3. Stella M, Santolini E, Briano S, et al. Late recurrent peripheral
upper limb ischemia after non-union of a clavicle fracture. Injury.
2015; 46: S3-S7, doi: 10.1016/s0020-1383(15)30035-8.

146 www.journals.viamedica.pl/acta_angiologica



VEY

VIA MEDICA

CASE REPORT

Acta Angiol

Vol. 26, No. 4, pp. 147-149
Doi: 10.5603/AA.2020.0022
Copyright © 2020 Via Medica
ISSN 1234-950X

e-ISSN: 1644-3276

Non-traumatic ulnar artery aneurysm

in a middle-aged male

Nalaka Gunawansa, Prasath Subramaniyam

National Institute of Nephrology and Transplantation, Colombo, Sri Lanka

Abstract

Aneurysms in the extremity arteries are rare and usually occur as pseudoaneurysms secondary to trauma or

iatrogenic interventions. True spontaneous non-traumatic aneurysms in the extremities are extremely rare with
no consensus on their aetiology or optimum management strategy. Here, we discuss a case of a young man
with an isolated spontaneous non-traumatic ulnar artery aneurysm presenting with acute pain and discomfort.
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Introduction

Upper extremity arterial aneurysms (UEAA) are rare in
clinical practice. Even when encountered, they are pri-
marily pseudoaneurysms often following direct trauma
or iatrogenic interventions such as arterial catheteriza-
tion. True spontaneous aneurysms in the upper extrem-
ities are very uncommon and offer unique challenges in
their management. While spontaneous aneurysms in the
brachial artery have been reported sporadically, aneu-
rysms arising in the forearm arteries distal to the bra-
chial artery bifurcation are extremely uncommon [I].
Santis and colleagues (2013) in a systematic review
covering 20 years (1990-201 1), reported just 28 cases
of non-traumatic forearm aneurysms, the majority of
which were distal palmar aneurysms [2]. We report
a rare case of a non-traumatic ulnar artery aneurysm
in a 39-year-old active male who presented with acute
pain and tenderness in the forearm.

Case report

A thirty-nine-year-old male presented to the Emergen-
cy Department with sudden onset pain and swelling of
the right forearm, with gradual worsening of symptoms
over a 7-day period. He denied any history of direct
trauma to the region preceding the onset of pain. On

clinical examination, he had a tender swelling in the
proximal |/3 of the right forearm with no clinical ev-
idence of cellulitis or compartment syndrome. There
was a mild ecchymotic patch over the proximal forearm.
The proximal brachial artery pulse at the cubital fossa
and distal radial and ulnar pulses at the wrist were pres-
ent and clinically equivalent to the left side. Allen test of
the right hand confirmed radial artery dominance. He
had no major co-morbidities other than being on regular
steroidal inhalers for chronic obstructive airway disease.
He had no history of substance abuse or self-injection.
He was quite active and independent, being employed
as a computer programmer.

The blood biochemistry results were unremarkable
with no evidence of infection or inflammation. An initial
ultra-sound scan of the forearm suggested a muscular
haematoma. An arterial duplex ultra-sound (DUS) as-
sessment of the forearm revealed a possible aneurysmal
dilatation of the proximal ulnar artery with normal distal
arterial flow pattern. Abdominal, lower limb and carotid
duplex imaging did not reveal any further aneurysmal
change elsewhere. An echocardiogram did not reveal
any cardiac valvular or intra-mural pathology. A com-
puterized tomographic angiogram (CTA) was done to
further visualize the region of interest.

The CTA confirmed an elongated aneurysmal seg-
ment of the proximal ulnar artery with no intramural
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Figure 1. Reconstructed CTA image showing the elongated
aneurysmal segment in the proximal ulnar artery

thrombi (Figs |, 2). There was no venous filling to
indicate any possibility of arterio-venous malformation.
The remaining arterial architecture appeared pristine.
There was no extravasation to suggest rupture.

The images were studies with regards to a possible
radiological intervention with insertion of a covered
stent. However, technical limitations and lack of local
expertise in stenting the ulnar artery were prohibitive
in the management planning. Hence, given the pro-
gressively worsening symptoms and the extent of the
lesion, a decision was taken to proceed with surgical
exploration.

The aneurysmal region was approached with a liner
incision extending from the cubital fossa to mid forearm
under a regional nerve block. Proximal and distal con-
trol was achieved by atraumatic vascular tapes. During
exploration, the proximal ulnar artery was found to
be extremely friable and not amenable to an arterial
anastomosis or reconstruction. The ulnar artery was
ligated proximal and distal to the diseased segment and
the aneurysmal component was excised. The segment
was sent for histological confirmation and tissue culture
while the wound was closed over a vacuum drain.

The recovery from surgery was uneventful. The
swelling and pain subsided rapidly, and his distal palmar
and digital perfusion remained excellent. Currently,

Image Filter

Figure 2. CT Angiogram with bone window

9 months after surgery, he remains well without symp-
toms, fully active and back at his usual employment. The
resected segment of aneurysmal artery was examined
by histology and confirmed a true aneurysm with
thinned out arterial wall and no evidence of infection or
inflammation. There was no evidence of atheromatous
deposits, fibrinoid necrosis or arteritis. The related
specimens sent for bacterial and tuberculous culture
were negative. A repeat DUS examination of all ex-
tremities and neck vessels showed no similar pathology
or local recurrence.

Discussion

Background

UEAA are rather uncommon compared to abdominal,
visceral or lower limb artery aneurysms. Even when
they do occur, it is usually secondary to repetitive
trauma or direct injury resulting in pseudoaneurysmes.
Distal radial and ulnar artery aneurysms have been
reported due to repetitive trauma to the hand among
manual labourers [3, 4]. More recently with increasing
incidence of endovascular interventions through radial
artery approach, iatrogenic pseudoaneurysms of the
distal radial artery have also been reported. Proximal
forearm non-traumatic aneurysms are extremely rare
and reported only as case reports in sporadic publica-
tions [, 5].

Diagnosis

Accurate diagnosis requires imaging confirmation. This
patient was initially evaluated with a DUS. In similar
situations, DUS is the first investigation of choice. It is
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non-invasive, readily available and can demonstrate as
well as localise the aneurysm. However, DUS remains
highly operator dependent and may not be accurate
for finer details in terms of size, extent and associated
minor pathologies in the adjacent arterial tree. CTA
or magnetic resonance angiogram (MRA) would be
required as the gold standard imaging modality to
confirm the diagnosis. Compared to CTA, MRA is more
sensitive and specific for diagnosing AV malformations
whereas in UEAA, MRA does not provide any significant
advantage over CTA [6].

Aectiology

One of the reported aetiologies of non-traumatic
peripheral aneurysms is infection, leading to mycotic
aneurysms. In this index patient, inflammatory mark-
ers were normal and repeated blood cultures were
negative. The tissue culture taken from the excised
artery was also negative for standard bacterial survey
and mycobacteria. Another possible rare aetiology is
primary vasculitis or auto-immune disease affecting the
arterial wall. This too was unlikely in the index patient
who was found negative for the complete auto-immune
survey, had normal level inflammatory markers and
lacked any suggestive finding on histology.

Treatment

Even in the current endovascular era there is no con-
sensus on the ideal management of UEAA. Given the
uncertain aetiology as well as complex morphological
pattern of the aneurysmal segment, endovascular stent-
ing was not possible in this patient. There are reported
cases of pseudoaneurysms treated with covered stent
and coil embolization [7]. We did not consider coil em-
bolization due to the absence of a clear aneurysm neck
and possibility of distal embolization in the dominant
arm. Open surgical exploration gives an opportunity
to excise the entire diseased segment and evaluate for
histological confirmation [8]. Furthermore, if carefully
performed, it allows immediate decompression of the
forearm and hence relief of symptoms in addition to the
definitive treatment of the aneurysm. Surgical options
include complete ligation or end-to-end repair using
a venous segment. While end-to-end reconstruction
is preferred in the absence of any obvious infection,
complete ligation is also a viable option where the distal
perfusion can be reliably sustained.

Conclusion

True aneurysms of the proximal forearm arteries are
very rare. Accurate diagnosis requires imaging by either
CTA or MRA. Due to the uncertain nature of their nat-
ural history and associated symptomatology, definitive

treatment is often required either by endovascular
stenting, embolization or open surgical repair. The
actual treatment modality depends on anatomy, mor-
phological nature, availability of stents and expertise as
well as adequacy of collateral distal perfusion. If further
investigations confirm infective or inflammatory aetiol-
ogy, long-term treatment of such primary pathology is
required to prevent recurrence or occurrence of new
disease elsewhere.
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Abstract

The iatrogenic subclavian artery injury is a rare but potentially serious complication of subclavian vein cannulation.
The use of endovascular techniques is an alternative to surgical repair especially in patients with concomitant
diseases in whom immediate, potentially large surgery would be associated with a high risk of perioperative
complications. This article discusses technical aspects of endovascular repair of iatrogenic injury of subclavian
artery with implantation of covered stents based on two cases. Author’s experience and data from literature
suggests that endovascular management including covered stent implantation is safe and effective treatment
and should be considered as a method of choice especially among patients in poor general condition and/or

major comorbidities.

Key words: subclavian artery, covered stents, central catheters, iatrogenic injury
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Introduction

Central venous catheter (CVC) insertion is a frequently
performed procedure. The most commonly cannu-
lated vessels are the internal jugular, subclavian and
femoral vein. The iatrogenic subclavian artery injury
described in this paper is a rare but potentially serious
complication of large vein catheterization, especially
when large diameter dialysis catheters are used. The
outflow of arterial blood from the cannula is the evi-
dence of an incorrect position of the catheter in the
artery. X-ray, ultrasound and Angio CT are helpful in
confirming the diagnosis. Considering relatively difficult
surgical approach to subclavian artery and frequently
poor general condition of patients undergoing central

veins cannulation, endovascular repair of injured artery
seems reasonable.

Cases report

The paper presents two cases (a 62-year-old male
and a 44-year-old female) of iatrogenic injury of the
subclavian artery following the attempt of subclavian
vein cannulation with a central venous catheter. In both
cases, the catheter was misplaced in the subclavian
artery. Artery injury did not cause a significant dete-
rioration of patient’s clinical condition. However, due
to the underlying diseases and comorbidities, it was
necessary to choose the least burdensome method
of catheter removal and local repair of the vessels,
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Figure I. Case |: A — location of the catheter using angiography; B — subclavian artery with a catheter; C — stent positioning;
D — after stent implantation

preferably avoiding open surgery. In both cases, the
procedure consisted of catheter removal under fluoro-
scopic control and endovascular repair of the damaged
artery with a covered stent. Another possible method
of treatment would be hybrid operation with use of
balloon for temporary occlusion of the vessel and sur-
gical repair or open vascular repair, a very complicated
and risky procedure in both patients.

Surgical technique

Local anesthesia with | % lignocaine solution was used
at the CVC puncture site and access site to the com-
mon femoral artery in both cases and additionally at
the right brachial artery in the second patient. In both
cases puncture and insertion of the 7F sheath into the
common femoral artery (CFA) was performed under
ultrasound guidance. Next, guidewire supported with
diagnostic catheter was introduced through injured
subclavian artery (SA) to peripheral part of brachial
artery. Subsequently, the previously used short sheath
was replaced with a long one, introduced to the prox-

imal part of the SA. Injury of the vessel was precisely
localized in fluoroscopy and diameter of artery was
measured to select appropriate balloon expandable
covered stent.

In both cases an additional leakage test was per-
formed using the balloon catheter with a nominal
diameter | mm larger than the diameter of the vessel
at the site of injury. Absence of both contrast flow to
the peripheral part of the artery and it’s extravasation
after simultaneous central catheter removal and balloon
inflation in the injury site confirmed appropriate choice
of covered stent diameter. In the first case stent was
introduced via femoral access. The same way was used
for angiography. In the second case (due to different
vessels anatomy) stent was introduced through bra-
chial access, and angiographic control was performed
with femoral access for better landing precision. CVC
removal and implantation of a covered stent under
fluoroscopic control were performed simultaneously to
minimize bleeding from artery perforation. Angiograph-
ic control of the stent tightness revealed no leakage. In
the second case, it was necessary to cover the ostium
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Figure 2. Case 2: A, B — location of the catheter in the vessel; C — stent positioning; D — after stent implantation

of the right vertebral artery (VA), due to its proximity

of the puncture site. No neurological deficits associated

with the VA coverage were observed. In both cases, the
access site to CFA was closed using AngioSeal system.

Both patients were discharged to their primary hospi-

tals with no signs of leakage (bleeding) or hemoglobin

level decrease.
Procedure — step by step:

I. Ultrasound-guided puncture of CFA and introduc-
tion of short sheath 7F

2. Introduction of hydrophilic guide wire 0.035”
(Terumo) and diagnostic catheter Bern 4F (Boston
Scientific) to the injured SA. Exchange of wire for
the Supra Core 35 Guide Wire (Abbott).

3. Exchange of the short sheath 7F for the long 7F
Destination (Terumo) (with a diameter guaranteeing
contrast application when positioning the stent in
the case of using this sheath as a working channel as
in case |) or performing access to brachial artery for
retrograde stent delivery as in case 2. In the second
case, diagnostic catheter previously introduced via
femoral access was used for angiographic control
during positioning and implantation of the stent.

4. Measurement of the vessel diameter and the use
of a balloon catheter (Armada 35, Abbott) inflated
in the site of future stent implantation to confirm
proper stent diameter.

5. Simultaneous removal of a foreign body and ex-
pansion of the PTFE covered stent Advanta V|2
(Atrium) on the balloon to minimize bleeding from
the site of damage.

6. Angiographic control, removal of the catheter and
sheath, access site closure with Angio-Seal.

Discussion

Central access is obtained using anatomical landmarks
or with ultrasound/ fluoroscopy guidance. The first tech-
nique is characterized by a high percentage of failures
and complications of 30% and 18.8%, respectively [I].
The use of ultrasound significantly reduced the num-
ber of failures, and attempts needed to gain central
vein access as well as the frequency of complications
such as accidental puncture of the artery, hematoma,
pneumothorax, etc. Ultrasound-guided access to the
subclavian vein is more difficult (compared to the
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internal jugular and femoral vein) due to anatomical
conditions. Consequently, the risk of complications is
higher in this access site, especially because the sub-
clavian artery, due to its anatomical location, cannot
be effectively compressed and the catheters used have
a significantly higher diameter [2]. Therefore, the injury
to the subclavian artery by erroneous puncture may
result in pseudoaneurysm, arteriovenous fistula or un-
controlled bleeding, especially that puncture attempts
are often performed several times [3-5]. It seems that
insertion into the jugular vein under ultrasound control
is a more reliable and safer alternative to subclavian
access, although damage at this level is more frequently
reported. Mortality of up to 30% was reported as
aresult of damage of SA and proximal part of the axillary
artery [6]. For this reason as well as due to technical
difficulties of open surgery, techniques of endovascular
repair of these vessels injuries are currently preferred.
They can be used separately or as part of a hybrid
method involving prior endovascular bleeding control
using balloon catheter followed by open surgical repair.

If the catheter is accidentally positioned in the artery,
the best way of action is to secure it with dressing and
contact the vascular center. Because in most cases the
catheter alone allows to maintain local hemostasis, it
gives time to prepare for surgery. The use of endovas-
cular techniques, such as covered stent implantation,
temporary balloon closure, embolization, and the use of
thrombin, is an alternative to surgical repair, especially
in patients with concomitant diseases in whom immedi-
ate, potentially large surgery would be associated with
a high risk of perioperative complications. Due to large
diameter of implanted catheters in our patients, the use
of closure device was expected to be inefficient. In these
cases endovascular repair with precise damage control
seems to be optimal choice. In cases in which catheter
was already removed with subsequent pseudoaneu-
rysm, bare metal stent with additional embolization
can be considered. If endovascular repair fails and
active bleeding is still present, open surgical repair is
inevitable, but was never necessary in our experience.

The open surgical reconstruction is the treatment
of choice for extensive vascular injury, active arterial
bleeding and pleural damage [7, 8]. In our opinion in
other cases, the use of a covered stent, if possible,
should be the treatment of choice. Generally in case
of SA lesion, self-expandable stents are preferred
especially in case of variable vessel diameter ant it’s
tortuosity. In these particular cases of artery injury,
balloon expandable stents were used due to the pos-
sibility of precise implantation, avoidance of additional
maneuvers (stent postdilatation) connected with po-
tential blood loss. Furthermore, both patients were in
severe medical condition (with short life expectancy);

thus, risk of future stent damage caused by limb move-
ments (mechanism of the clavicle-ribbed scissors) was
considered acceptable. It is important to accurately
verify the size, both diameter and length of a stent, to
avoid leakage and necessity of implantation of additional
stents [9]. In the technique described above, it was
helpful to pre-seal the vessel with a balloon catheter
of diameter | mm greater than the vessel measured
under fluoroscopy and length equal to pre-selected
stent in order to confirm proper stent selection. It is
important to use a single stent with a length and diam-
eter that guarantees hemostasis. Simultaneous expan-
sion of the stent and removal of a foreign body (CVC)
under fluoroscopic control minimizes the possibility of
uncontrolled blood loss. In the case of difficult anatomy
or proximity of the puncture site to the ostium of the
vertebral artery (VA) like in the second case or other
important anatomical structure, additional access from
the brachial artery should be considered to optimize
visualization of stent deployment.

Conclusions

latrogenic injury of the subclavian artery following
an attempt of subclavian vein cannulation can be effec-
tively and safely treated with endovascular techniques.
In our opinion, endovascular management should be
considered as a method of choice especially among
patients in poor general condition and/or with major
comorbidities. The key points for successful procedure
are precise localization of artery injury site with high
quality angiogram and proper selection of covered stent
length and diameter. Depending on vessels anatomy
and injury localization, simultaneous use of both fem-
oral and brachial accesses may be required. In case of
extensive vascular injury, when open surgery may be
inevitable, prior endovascular bleeding control using
balloon catheter is strongly recommended.
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