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Background: Assessing therapeutic efficacy and patient satisfaction objectively and quantitatively has always been a prob-
lem in patients with vasospastic disorders. We aimed to present the additive value of ultrasonographic assess-
ment of peripheral arteries secondary to cold stimulation, as a test for treatment efficacy during follow-up.

Material/Methods: Arterial blood flow rates were measured from radial artery with Doppler USG in patients who presented to our
department with vasospastic disorders. Ultrasonography was performed at the following intervals; before cold
stimulation and at 5%, 10t, 15, 20" minutes of cold stimulation. Patients were controlled by repeat cold stim-
ulation test and Doppler US at the 2" month of the treatment. Results were analyzed with SPSS for Mac 20.0
package program.

Results: We enrolled 46 patients in the study. All patients were male and mean age was 22.3+2.17 years. Most common
symptoms were cyanosis and coldness. There were statistically significant differences between pre-treatment
and post-treatment arterial blood flow rates at each measurement time point (p<0.001) except initial measure-
ment (p>0.05). On post-treatment values, there were 10.04+0.78 cm/s increase in 5™ minute, 6.25+1.39 cm/s
in 10t minute, 6.43+2.13 cm/s in 15" minute, and 6.38+1.86 cm/s in 20" minute measurements. All increases
at the 5 time points were statistically meaningful when compared to their pre-treatment corresponding time
points (p<0.001).

Conclusions: Doppler flowmetry added to standard cold stimulation test for evaluating the patients with vasospastic dis-
orders provides better and more objective results when compared to the patient-oriented subjective scoring
systems.
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Background

Vasospastic disorder (VD) is a relatively common disorder
worldwide population, with a prevalence of 3.3% to 22% [1].
Episodic cyanosis, swelling, and pallor on the distal part of the
extremities with cold exposure are the main characteristic fea-
tures of this disorder. This disorder has female dominancy and
is especially seen in the 2" and 3" decades of life [2]. The dis-
order can be classified into 2 groups according to underlying
etiologic factors. If the pathogenesis depends on an underly-
ing disorder, it is called secondary (obstructive) form. The re-
maining form without any underlying disorders is called pri-
mary form [1,2].

Since the first description of this disorder, several etiologic
factors have been reported to be responsible for the patho-
genesis, but it is still not well known, and every possible eti-
ologic factor is still controversial. In addition, no objective,
quantitative diagnostic tool or objective follow-up method
has been defined [3].

In this study, we aimed to answer the question “Can Doppler

ultrasonography be used for objective follow-up of patients
with vasospastic disorder?”

Material and Methods

This is a retrospective study, approved by the local ethics com-
mittee of Gulhane Military Academy of Medicine. We aimed to
describe a quantitative method for the follow-up of patients
with vasospastic disorder.

Patient’s selection

Between April 2011 and October 2013, data were collected from
files of 46 patients with the diagnosis of vasospastic disorder
lasting more than 2 years. The diagnostic criteria, which were
defined by Wigley et al. [4], were used as diagnostic criteria
for the enrolled patients. Several etiologic disorders such as
systemic sclerosis and SLE, which can cause secondary vaso-
spastic disorder, were excluded, with detailed physical exam-
ination and several laboratory findings. After detailed exami-
nation, we only included the patients with primary vasospastic
disorder. Demographic data and additional risk factors of pa-
tients were recorded.

Cold stimulation test

In our department, the cold stimulation test (CST) is routinely
performed to all patients with vasospastic disorders symptom-
atology due to our national and military regulations. According
to our protocol, application of the CST is as follows: 1. Hand
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temperatures of the patients are measured with a probe, which
is inserted between the pulp of first and second distal phalan-
ges. At the same time, radial arterial blood flow rate is mea-
sured at the level of wrist by Doppler USG (detailed below). 2.
The most affected hand is immersed into the iced-water at 4°C
for 20 seconds. 3. After drying the hands, the temperature and
the blood flow rate of the radial artery are measured again at
the 5%, 10t, 15* and 20'" minutes, with the same technique
detailed before. 4. The rewarming time to initial temperature
is also recorded. The test is performed after resting at room
temperature (approximately 26°C) for at least 30 minutes.
Patients are classified according to their smoking habits, but
a standardized protocol about timing of refraining from to-
bacco prior to testing was not used. The Sonatemp™ 400/700
Monitor (Sheridan Catheter Corp. Argyle, NY, USA) device was
used for temperature measurements.

In addition to CST, we routinely use a scale (verbal complaint
severity scale, VCSS), which is used by our department for
evaluating the progress in the follow-up period. In this scale,
a physician asks all of the patients about their symptoms for
determining their progress. The scale is detailed in Table 1.

Doppler ultrasonography

Simultaneously with CST, patients’ radial arterial blood flow
rate was measured at the level of the wrist. For this measure-
ment, a 12-MHz linear probe was used. Radial arterial blood
flow velocity was calculated at the level of the wrist on color
Doppler ultrasonography (Figure 1). LOGIQ Book XP scanner
(GE Medical Systems, USA) is used as the Doppler USG device.

Treatment

In our clinic, we routinely use a combination therapy for va-
sospastic disorders for a 2-month period. This combination
includes pentoxifylline 1200 mg/d bid (2x600 mg) as a vaso-
dilator molecule, nifedipine 60 mg/d bid (2x30 mg) as a calci-
um-channel blocker, and acetylsalicylic acid 300 mg/d (1x300
mg) as an antiplatelet agent. After 2 months, we evaluate all
patients again to observe their progress. After the second eval-
uation, patients who do not respond to treatment are referred
to interventional treatment methods, or they are not allowed
to continue their military duties.

Study protocol

Demographic data, co-morbid disorders, VCSS, and blood flow
rates of the included patients at pre-treatment and post-treat-
ment period were all recorded. Patients’ arterial blood pres-
sures were also recorded during cold stimulation test. After
data collection, the results were compared.
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Table 1. Verbal complaint severity scale.

Verbal Complaint
Severity Scale
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Definition

| Symptoms start with cold exposure, and stop with cessation of cold exposure

Symptoms start with cold exposure, course with painful swelling and movement restriction. Rewarming is

mandatory, and usually extended up to 30 minutes
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Figure 1. Ultrasonographic measurement technique.
Statistical analysis

SPSS for Mac 20.0 package program (SPSS Inc, Chicago, IL)
was used for statistical evaluation. Descriptive results are ex-
pressed as mean + standard deviation for normally distrib-
uted continuous variables and median values for abnormal-
ly distributed continuous variables. Categorical variables are
reported as numbers and percentages. Before analyses, the
Kolmogorov-Smirnov test was used for analyzing the distri-
bution pattern of data. Comparisons of the parametric values
were performed with Student t test for normally distributed
groups and with Mann-Whitney U test and Wilcoxon signed
ranks test with abnormally distributed groups. Pearson’s chi-
square test, Fisher’s exact test, and McNemar-Bowker test were
used for the comparisons of categorical variables.

A p value of <0.05 was considered as statistically significant
with a 95% confidence interval.
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Table 2. Demographic data of patients.

Age (year) 22.3+2.12 (20-29)
Gender (male/female) 46/0
Smoking (n) 32

Hypertension 0

 Diabetes mellitus o
 Renalinsufficiency o
Vascults o
co0 o
other o
CSymptoms
Cyanosis (0, %) 34 (739%)
Numbness (n,%) 30 (652%)
Hyperhidrosis (n, %) - 29 (63.0%
 Hand swelling (n, %) 18 (391%)
CPain(n% 1 Q%)

Duration of symptoms (year) 4.39+2.68

Results

Patients’ characteristics

In Turkey, military service is mandatory for every male aged 20
years. Therefore, all the study population was young males;
32 of the patients (69.5%) were smokers and 14 of these 32
patients were smokers for more than 10 years. None of the
patients had co-morbid disorders such as hypertension or di-
abetes mellitus. The most common complaints were cyanosis
(34 patients, 73.9%), numbness (30 patients, 65.2%), and hy-
perhidrosis (29 patients, 63%).

Mean duration of symptoms from onset to present was
4.39+2.68 years. There were no treatment-related adverse
effects. Demographic data of patients are given in Table 2.
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Table 3. Verbal complaint severity scale distribution of patients.

Verbal Complaint Before treatment

Severity Scale

HUMAN STUDY

After treatment

I 31 67.4 34 73.9 0,223
I 4 8.7 2 4.3
s Discussion
—-Pre-treatment
50 —@-Post-treatment - Several diagnostic methods and invasive and non-invasive tech-
45 I niques were defined for the diagnosis of vasospastic disorders
’\g40 33 g over time. However, no definitive diagnostic tool or objective
= and quantitative follow-up method has been defined [5]. The
= 3% > Y main cause of this failure is the complexity of the etiopatho-
230 9 3‘{_34 genesis, which is still unclear.
B2
< 2543 Patients’ symptoms subjectivity is the other possible reason
20 + for this diagnostic problem. Most patients usually complain
15 — - - - - of many subjective symptoms such as cyanosis, numbness, or
Initial 5"minute 10" minute 15" minute 20" minute inful ks. which it d by cold
measurment  (p<0.001)  (p<0.001)  (p<0.001)  (p<0.001) painful attacks, which are often aggravated by cold exposure
(p>0.05) [6]. Therefore, objective diagnosis of primary vasospastic dis-
orders is often not possible.

Figure 2. Changes of the blood flow rates during cold
stimulation test.

Verbal complaint severity scale

Patients were categorized into 3 groups according to VCSS.
There were no statistically significant differences in patient VCSS
distribution. Distribution of patient VCSS is given in Table 3.

Ultrasonographic data

There was a significant decrease in arterial blood flow after
cold exposure in both pre-treatment and post-treatment mea-
surements. In the rewarming period, flow rate did not reach its
basal values over the test time (20 minutes) in pre-treatment
measurements, but it reached its basal value by approximate-
ly 10 minute in post-treatment measurements. The changes of
arterial blood flow rates during the CST are given in Figure 2.

There were statistically significant differences between pre-
treatment and post-treatment arterial blood flow rates at each
measurement time points (p<0.001) except initial measurement
(p>0.05). On post-treatment values, there were 10.04+0.78
cm/s increase in the 5% minute, 6.25+1.39 cm/s in 10% min-
ute, 6.43+2.13 cm/s in 15" minute, and 6.38+1.86 cm/s in 20"
minute measurements. All increases at the 5 time points were
statistically meaningful when compared to their pre-treatment
corresponding time points (p<0.001).
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To address this diagnostic problem, several tools (e.g., tripha-
sic color changes of hands, finger systolic blood pressure, fin-
ger-brachial index, plethysmography, capillaroscopy, and rarely,
more invasive techniques) were used in the history of treating
this disorder [2,3,7]. Unfortunately, most of these diagnostic
tools require special conditions — special technicians, devices,
and sometimes laboratory conditions — that cannot be used
in outpatient conditions. It is also too hard to use these tech-
niques in follow-up, even if they could be used for diagnosis [8].

Assessment of treatment efficacy in the follow-up period is an-
other therapeutic controversy. This mainly depends on subjec-
tivity of patients’ symptoms. Most patients with vasospastic
disorders consider their treatments as ineffective regardless
of their types. However, for evaluating patient progress, ob-
jective, quantitative, and easily performed tests are necessary.

CST and its application method are still not standardized world-
wide and there are few studies about this method in the liter-
ature. We have used our clinical protocol, as detailed above,
for approximately 3 years [3]. Toprak et al. used 5°C water for
cold stimulation in their study and they declared that this tem-
perature is better for provoking the vasospasm than water at
10°C [9]. Therefore, we routinely used 4°C ice-water for pro-
voking the vasospasm, as in our present study.
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In the literature there are few studies about cold stimulation
and its effect on ultrasonographic arterial blood flow rates.
Most of these studies are focused on the differential diagnosis
of the primary form vs. secondary form by using Doppler ultra-
sonography [9-11]. There have been no studies on its useful-
ness as a marker of treatment efficacy in the follow-up peri-
od. We consider that our present study is the first in this area.

When we analyzed the ultrasonographic parameters of our
study, we observed different patterns of blood flow rates. In
pre-treatment measurements, flow rates were not able to reach
their basal value throughout the test, which suggests that va-
sospasm lasts longer. In contrast, in the post-treatment tests,
flow rates increased quickly to their baseline values by approx-
imately just 10 minutes. In addition, different from the pre-
treatment test, flow rates were above baseline values at the
15% minute measurements, which suggests that vasospasm
lasts less than the 15 minutes.

In our department, we use the verbal complaint severity scale
(VCSS) for classification of disease severity. In our study pop-
ulation, despite the given treatment modality, there were no
statistically significant changes in patient VCSS. Three pa-
tients changed their VCSS throughout the study. When we an-
alyzed these 3 patients and compared their CST results inde-
pendent from the study group, we found that there were no
statistically significant differences between ultrasonographic
flow rates before and after treatment (p>0.05). In this regard,
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ultrasonographic flow rate measurements added to CST in our
study seem to be helpful for follow-up of patients with VD,
both quantitatively and objectively.

Conclusions

Doppler flowmetry added to standard cold stimulation test for
evaluating patients with vasospastic disorders provides bet-
ter and more objective results when compared to patient-ori-
ented subjective scoring systems.

Study limitations

This study was performed in a military hospital; therefore, all
of the patients were male. For this reason, it may be difficult
to generalize our results to women. The smoking time, smok-
ing cessation time, or the correlation between smoking habits
and study protocol were not detailed in this study. More stud-
ies in these subgroups may be performed later on this topic.
The significant cut-off value of ultrasonographic blood flow
rate changes (positive or negative) is not well known and was
not defined in this study. To define clear-cut values of this pa-
rameter, we need to perform studies with larger populations.
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