
Color flow Doppler sonography
(CFDS) has become an important
non-invasive diagnostic method for
the evaluation of thyroid vascularity
and function (1). One of its main
uses is the ability to distinguish
hyperthyroidism from other low
radioiodine uptake causes of thyro-
toxicosis (1). In conditions related to
hyperfunctioning thyroid gland such
as Graves’ disease (2), toxic multin-
odular goiter (3) and autonomous
adenoma (4) the vascular signals are
increased, whereas they are
decreased or normal in cases of thy-
rotoxicosis factitia (5), and destruc-
tive processes of thyroid gland, such
as subacute thyroiditis or type-II
amiodarone-induced thyrotoxico-
sis (6). Along with CFDS the
echomorphological pattern is also
used to verify the presence of
autoimmunity due to a diffuse reduc-
tion in thyroid echogenecity (echo-
intensity) and an irregular echo pat-
tern often associated with this disor-
der (7, 8).

Several qualitatively classifica-
tions of intrathyroidal vascular pat-
terns distinctive to specific patholog-
ical entities have been proposed,
with that of Vitti’s being the most
widely used in clinical practice (9).
This classification describes easily
and quickly the intraparenchymal

of thyroid autoimmunity, and to
compare its sensitivity and specifici-
ty with other gray-scale sonographic
findings.

Materials and methods

Subjects selection

Between August 2008 and
November 2009, a total of 1086 con-
secutive subjects from the outpa-
tient clinic of the Department of
Endocrinology and Metabolism, with
unknown thyroid functional status,
were screened. The study was
approved by the local Bioethical
Committee and informed consent
was obtained from all participants.
All subjects included in the study
underwent a detailed physical exam-
ination, and a complete medical and
family history was recorded. From
these subjects, 616 were excluded
due to acute or chronic underlying
diseases and co-morbidities and/or
residence in iodine-deficient areas.
All remaining 470 subjects from the
same iodine-replete area, Athens
and its suburbs (14, 15), were further
evaluated with thyroid sonography
and with free triiodothyronine (fT3),
free thyroxine (fT4), thyrotropin
(TSH), thyroglobulin (anti-Tg) and
thyroid peroxidase (anti-TPO)
autoantibodies, and thyroid stimu-
lating hormone receptor antibodies
(TRAb) levels measurements; when
indicated, thyroid scintigraphy was
performed. Although we did not
include food questionnaire in the
study participants, all subjects used
commercial iodized salt. Subjects
with simple goiter, non-autoimmune

thyroid blood flow, but remains
highly subjective and is not suffi-
cient enough to evaluate subtle vari-
ations of thyroid vascularity. Several
techniques for semi-quantitative
measurements of intrathyroidal
blood flow have been applied for the
differentiation of painless thyroiditis
from Graves’ disease (10), and
benign from malignant thyroid
 nodules (11). Similar techniques
have been used for measurements
of thyroid vascularity in healthy sub-
jects (12), and in patients with sub -
acute thyroiditis (13). Currently there
are no available data regarding the
predictive value of CFDS assessed
thyroid vascularity for the diagnosis
of autoimmune thyroid disease
(AITD) per se and potential correla-
tions with clinical or biochemical
parameters. 

The main purpose of this study is
to determine thyroid vascularity with
a semi-quantitative, widespread
available method in healthy subjects
and in patients with AITD
[Hashimoto’s thyroiditis (HT) and
Graves’ disease (GD)], and to assess
its sensitivity and specificity for the
diagnosis of AITD and for the differ-
ential diagnosis between patients
with HT and GD. Secondary goals
are to correlate thyroid vascularity
with clinical and biochemical indices
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thyroiditis, non-autoimmune hyper-
thyroidism, and thyroid nodular dis-
ease, were further excluded. Finally
77 patients, all of Greek ethnic ori-
gin, with high levels of anti-Tg
and/or anti-TPO and/or TSI due to
autoimmune thyroid disease (AITD)
were selected for further studies. The
77 patients were categorized further
into 3 groups: clinically euthyroid
patients with Hashimoto’s thyroiditis
(AITD type-1) (n = 31) and TSH
between normal ranges (0.27-
4.2 µU/ml), hypothyroid patients
with Hashimoto’s thyroiditis (AITD
type-2) (n = 33), with TSH levels
greater than 4.22 µU/ml, with or
without clinical symptoms of hypo -
thyroidism consistent with hypo -
thyroidism, and patients with clini-
cally and biochemically (TSH levels
less than 0.1 µU/ml) Graves’ disease
(AITD type-3A) (n = 13). The epidemi-
ological and laboratory parameters
of the 77 patients are shown in
(Table I). 

An age and sex-matched group
(Table I) of 34 healthy Greek volun-
teers, without any previous medical
or family history of thyroid disease
or any other acute or chronic dis-
eases were selected for compar-
isons. All asymptomatic controls
were from the same iodine replete
area of Athens, and had the same
hormonal and sonographic investi-
gations as the patient’s group.

Study protocol

Anti-Tg and anti-TPO autoanti-
bodies were measured in the same
laboratory using a two-site immuno-
luminometric assay (Diasorin, LIA-
SON analyzer, normal range:
< 100 IU/ml and < 25 IU/ml respec-
tively). Only individuals with high

unaware of the diagnosis performed
the scans. Patients were examined
by gray-scale and color Doppler
examination in supine position, with
the neck in hyperextension.
Although all participants underwent
a second and a third thyroid sono-
gram six and twelve months later
respectively, only the measurements
of the first examination were used
for the purpose of the study. 

In gray-scale ultrasonography,
the maximum diameter of the long-
axis and depth were estimated in
 longitudinal plane, while short-axis
in transverse images. The  maxi-
mum volume (cm3) of each lobe
was calculated using the approxi-
mate formula of the ellipsoid
π/6 x [length (cm)] x [width (cm)] x
[depth (cm)] (16). Measurements of
thyroid volume, echogenecity and
echostructure were made by gray-
scale histogram analysis (17).
Following sonographic evaluation of
the thyroid echogenecity, all the par-
ticipants were categorized into two
groups: with normal or reduced
(from slightly reduced-grainy echo
texture to levels below that of
echoes coming from muscles) echo
intensity. Furthermore, all the partic-
ipants were categorized into two
groups: with homogeneous or irreg-
ular echo pattern of the thyroid
gland. 

High-sensitivity color flow
Doppler sonography was used to
estimate the intraparenchymal blood
flow pattern. Normally, the vascular-
ity of the thyroid tissue itself was
minimal. Pulse repetition frequency
was adjusted to 2.3 KHz, wall filters
to 102 Hz, and Doppler frequency to
5 MHz. We tried to adjust the noise
by initially increasing the color gain
to a level that showed noise, and

anti-Tg and/or anti-TPO titers that
were confirmed in a second test
were classified within the AITD
group. TRAbs were measured using
commercial kit (Diasorin Inc.,
Stillwater, MN, USA, cut-off value:
10%). Thyroid stimulating hormone
(TSH) levels were measured using a
one step sandwich assay (RIA-
gnosthTSH: CIS Bio International,
Gif-Sur-Yvette, Cedex, France, nor-
mal range: 0.25-4 mU/l). Free tri-
iodothyronine and fT4 levels were
measured by electrochemilumines-
cence immunoassay (E170 analyzer,
Roche, Diagnostics, Mannheim,
Germany), with reference values 3.9-
6.9 pmol/l and 11-23 pmol/l respec-
tively. 

Following the diagnosis, all
patients with AITD type-2 were treat-
ed with levo-thyroxine, with target
serum TSH values in the normal or
low-normal range (1.47 ±
0.34 µU/ml). Patients with AITD type-
3 were initially treated with adequate
doses of antithyroid drugs until
euthyroidism was obtained and
maintained with titration of the
antithyroid drug dosage; only three
patients were treated with a block
(methimazole) and replace (levo-thy-
oxine) regimen. Control subjects and
patients with AITD type-1 were regu-
larly followed up at six-month inter-
vals with physical examination,
endocrine testing, and thyroid ultra-
sonography.

Thyroid ultrasonography

Thyroid ultrasonography was car-
ried out using a high-resolution
apparatus (Logic-Book XP, General
Electric Co, USA) equipped with a 6-
11 MHz broadband linear array
probe. A single operator who was
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Table I. — Epidemiological characteristics and laboratory findings of the patients, at the start of the study.

Control group AITD type-1 AITD type-2 AITD type-3A

n 34 31 33 13

Age (years) (sd) 41.3 (17.7) 44.5 (13.1)a 40.4 (13.1) a 41.3 (12.4)a
Sex (Female/Male) 25/9b 26/5b 29/4b 10/3b

BMI (sd) 25.65 (3.63) 25.85 (4.09)c 25.76 (3.94)c 25.18 (3.44)c
TSH (µU/ml) (sd) 2.12 (0.94) 2.37 (0.9) 11.84 (22.76) 0.025 (0.037)

Anti-Tg positive (%) 0 51.61 54.54 53.84
Anti-TPO positive (%) 0 90.3 93.9 69.23

TSI positive (%) 0 0 0 69.23
Mean thyroid volume (cc) (range) 8.8 (3.5-19.8) 11 (5.3-19.1) 11.8 (1.02-33.3) 20.7 (5.4-73.1)

a,cstatistically non-significant from controls (Kruskal-Wallis non-parametric analysis of variance, p = 0.703 and
analysis of variance-AN.O.VA., p = 0.96 respectively).
bstatistically non-significant from controls (Chi-square test, p = 0.464).
AITD: autoimmune thyroid disease.
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then decreasing until the noise dis-
appeared. �Because of variations in
arterial flow during the cardiac cycle,
and the number and size of vessels
that appear on static images multi-
ple sampling of at least 6 sections of
each thyroid lobe (TL) was per-
formed and the section with the
maximum vascularity was used for
further analysis. 

For the evaluation of thyroid vas-
cularity, images from each TL were
retrieved from the ultrasound unit
and converted into high-resolution
tagged image file format (TIFF).
All images were further processed
with a widespread, available
for downloading from public
domain,  imaging analysis pro -
gram (ImageJ, 1.42q, N.I.H., USA,
http://rsd.info.nih.gov/ij). The vascu-
larity index (VI =  total pixels of ves-
sels spots of the lobe/total image
pixels of the lobex100 %) was calcu-
lated for all images of each TL (Fig. 1)
and the highest VI (%) was used for
statistical analysis. Thyroid echo -

with AITD type-1, 2, and 3. Following
the application of Levene’s test for
homogeneity of variances, non-para-
metric analysis of variance (Kruskal-
Wallis one way AN.O.VA) was used
to compare VI (%) among controls
and patients with AITD type-1, 2, and
3, and among controls and seropos-
itive patients for anti-TPO or anti-Tg
and seropositive patients for both
anti-TPO and anti-Tg. The same sta-
tistical test was used to compare the
mean age among controls and
patients with AITD type-1, type-2 and
type-3. Post hoc comparisons were
made using Mann-Whitney U test
with a downward adjustment of the �
level to compensate for multiple
comparisons. Spearman’s (rs) corre-
lation coefficient was calculated for
the correlation of VI (%) with age,
Basic Metabolic Index (BMI), TSH
levels, hypogenecity index (HI), and
total volume of thyroid gland among
control subjects and patients with
AITD type-1, 2, and 3. Chi-square test
and parametric analysis of variance

genicity was also measured with
histogram  analysis, using the same
program and the same technique.
Tissue echo levels were automatical-
ly calibrated to the value of 255 for
the white pixels and 0 for the black
pixels. The mean echo level of all pix-
els of the parenchyma of each thy-
roid lobe and of the ipsilateral strap
muscle was counted and the hypo-
genecity index (HI) was calculated,
according to the formula:

HI = mean echo level of all pixels
of strap muscle/mean echo level of
 thyroid lobe. Conventionally, we
considered that hypogenecity was
present if only HI was greater than 1.

The time needed for imaging
 processing and for quantifying the
vascularity of each thyroid lobe was
10-20 minutes.

Statistical analysis

Paired t-test was used to compare
mean VI (%) of the right and the left
thyroid lobe, in controls, patients
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Table II. — Predictive value of vascularity index, reduced echogenecity and irregular echo pattern for the diagnosis
of autoimmune thyroid disease.

Sensitivity Specificity Sensitivity X Youden Positive Negative 
(%) (%) Specificity index* predictive value predictive value 

(%) (%)

right TL VI > 7.44% 71.8 91.2 0.6548 0.63 96.49 59.25
left TL VI > 5.57% 80.8 85.3 0.6892 0.66 92.53 65.9
reduced echogenecity 75.32 82.35 0.62 - 90.6 59.57
irregular echo pattern 88.31 67.64 0.597 - 86.08 71.87

*sensitivity + specificity-1.

Fig. 1. — A: Transverse section of the left thyroid lobe (LL), as shown in color flow Doppler sonogram. I: isthmus, T: trachea,
E: esophagus, C: left carotid artery, J: left jugular vein. Panel B: the boundaries of the left thyroid lobe were manually outlined and
the number of pixels was counted by the program (ALL = 75760 pixels). Panel C: the boundaries of all vessels spots were manually
outlined, the number of colour pixels of each spot (A1 = 788 pixels, A2 = 400 pixels, A3 = 340 pixels, A4 = 153 pixels) was counted by
the program and the total number of colour pixels were calculated as following: Avessels = A1+A2+A3+A4 = 1681pixels. Vascularity index
(VI) was further calculated by dividing the number of colour pixels of vessels spots (Avessels) to the left lobe pixels (ALL): VI = Avessels/ALL

= 0.0222 or 2.22%.
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were used to compare the
females/males ratio and mean basic
metabolic index (BMI) between
healthy controls and patients with
AITD type-1, type-2 and type-3.
Receiver operating characteristic
(ROC) curve for VI (%) (a plot of the
sensitivity of VI or true positive rate
to the false negative rate) was devel-
oped as a means for pretest proba-
bility of AITD. The best cut-off value
of the ROC plot was determined to
maximize the Youden index (sensitiv-
ity+specificity-1). Calculations were
performed using the Number
Cruncher Statistical System
(NCSS/PASS 2000, Dawson Edition)
and Statistical Software for Social
Sciences (SPSS, v.13.0). p < 0.05 was
considered statistically significant.

Results

No statistically significant differ-
ences were observed in mean VI (%)
of the right and the left TL among
controls (3.86 ± 3.91 vs 3.78 ± 3.4, P
= 0.844), patients with AITD type-1
(9.58 ± 5.86 vs 10.26 ± 7.43, P = 0.5),
patients with AITD type-2 (13.4 ±
13.49 vs 14.03 ± 16.42, P = 0.657),
and patients with AITD type-3 (32.53
± 15.45 vs 30.73 ± 14.27, P = 0.673).
Patients with AITD type-1, AITD type-
2, and AITD type-3 exhibited higher
mean VI (%) measurements of both
the right and the left TL compared to
controls (8.22 ± 5.78, 13.49 ± 12.75,
26.42 ± 15.45, 3.63 ± 3.84, P < 0.001,
and 9.49 ± 6.87, 13.8 ± 14.74, 24.67 ±
14.27, 3.45 ± 3.54, P < 0.001, respec-
tively). 

In patients with AITD, the area
under the ROC curves for VI (%) of
the right TL and left TL was 0.843 (P <
0.001) and 0.862 (P < 0.001) respec-
tively. The best cut-off value of the
ROC plot for the right and left TL VI
was 7.44% and 5.57% respectively.
The sensitivity and specificity for the
diagnosis of AITD of right TL VI val-
ues greater than 7.44% were 71.8%
and 91.2% respectively (point A, Fig.
2), whereas those of left TL VI values
greater than 5.57% were 80.8% and
85.3% (point B, Fig. 2) respectively.
For the differential diagnosis among
patients with HT or GD, right TL VI (%)
values greater than 14.75% (Youden
index = 0.708) had 84.6% sensitivity
and 86.2% specificity, while left TL VI
(%) values greater than 16.8%
(Youden index = 0.615) had 76.9%
sensitivity and 84.6% specificity. 

Compared to reduced echo-
genecity and irregular echo pattern,
right TL VI values greater than 7.44%
were more specific, but less sensi-
tive for the diagnosis of AITD

The mean right TL VI (%) of con-
trols was lower compared to
patients who had only anti-TPO or
anti-Tg, and those who had both
anti-TPO and anti-Tg (3.63 ± 3.84,
13.26 ± 13.04, 13.91 ± 12.26, P <
0.001). Similarly, mean left TL VI (%)
of controls was lower compared to
patients who had only anti-TPO or
anti-Tg, and those who had both
anti-TPO and anti-Tg (3.45 ± 3.54,
14.07 ± 14.08, 13.68 ± 11.8, P < 0.001).
No statistically significant differ-
ences in mean right TL VI (%) and left
TL VI (%) were observed among
patients who had both anti-TPO and
anti-Tg, and patients who had anti-
TPO or anti-Tg (p = 0.587 and p =
0.727, respectively).

Discussion

The findings of the present study
suggest that left TL VI values greater
than 5.57% exhibit 80.8% sensitivity

(Table II). Right and left TL VI was
positively and significantly correlat-
ed with right and left HI (rs = 0.225,
p = 0.016 and rs = 0.302, p < 0.001,
respectively). Twenty-seven out of 31
euthyroid patients with Hashimoto’s
thyroiditis had increased right TL VI
(> 5.57%) and 62.9% of them had
right TL hypogenecity (HI > 1).
Twenty-two out of 33 hypothyroid
patients with Hashimoto’s thyroiditis
had increased right TL VI and 31.8%
of them had right TL hypogenecity.
All patients with Graves’ disease had
increased right TL VI, but only 23% of
them had right TL HI > 1.

Statistically significant correla-
tions were also found between right
TL VI (%) and age (rs = -0.22, p =
0.02), BMI (rs = -0.207, p = 0.029),
total thyroid volume (rs = 0.257, p =
0.006), and between left TL VI (%) and
age (rs = -0.185, p = 0.05), BMI (rs = -
0.225, p = 0.017), and total thyroid
volume (rs = 0.278, p = 0.003). 
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Fig. 2. — Receiver operating characteristic (ROC) curves for vascularity index of both
right and left thyroid lobe showing the pretest probability of autoimmune thyroid
 disease.
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for the diagnosis of AITD whereas
the sonographic appearance of
autoimmune thyroiditis may vary,
reflecting the phase and the se -
verity of the disease process. For
example, a diffuse hypoechoic pat-
tern in a patient with lymphocytic
thyroiditis has been shown to
 correlate with the replacement of the
gland by lymphocytes and is highly
predictive of either the existence or
the future development of hypothy-
roidism (18). We calculated ROC
curves for the mean VI (VI of right
lobe+VI of left lobe/2, data not
shown), but the Younden index was
not as high as that of the left lobe.
Thus, VI of the left lobe seems to be
the best predictor of autoimmune
thyroid disease in our study. The
false negative values of VI could be
attributed to the normal sonographic
appearance of the thyroid gland in
some patients, especially at early
stages of AITD. Although the thyroid
autoimmune process has already
begun, thyroid tissue and vascularity
may remain intact and thyroid
echostracture changes may not be
typical for AITD. It has been shown
that sonographic appearance of
 thyroid gland may remain normal,
even for 46 months following the
diagnosis of Hashimoto’s thyroiditis
in children (19). Although similar
data are not available for adult
 populations, it is probable that the
12-month follow-up period used in
our protocol may be too short for the
increased thyroid vascularity to
become evident in some of the
patients. Another reason for the low
VI values in some of our patients
could be the lack of hypervascularity
found in patients with the atrophic
form of thyroiditis (20). However,
only a small proportion of the nega-
tive findings observed could be
attributed to thyroid gland atrophy.
Only one patient (1.3%) had hetero-
geneous and atrophic thyroid
parenchyma, profound hypoechoic
pattern, and coarse septations from
fibrous band all consisting thyroid
sonographic findings encountered in
the atrophic form of thyroiditis (20).
A further potential reason for a
 relatively low sensitivity of the VI in
identifying AITD could be the
 inclusion of patients that have been
receiving replacement therapy with
levo thyroxine. In order to avoid this
 confounding factor we have not
included such patients in the studied
population, because we had already
observed that patients receiving
levothyroxine for some years had
lower mean values of VI, almost as
low as healthy controls. 

ding of reduced echogenicity and
irregular echo pattern and found the
first to be more specific, but less
sensitive for the diagnosis of AITD.
The validity of using reduced thyroid
echogenicity as a predictor of possi-
ble AITD in general has been found
to be very good (18, 30). Pedersen
OM et al. studied 452 patients and
found the positive and negative pre-
dictive values of reduced thyroid
echogenicity as an indicator of AITD
to be 88.3% and 93%, respective-
ly (31). Despite this, they found a
higher rate of false negative values
and they concluded that some
patients presented with less severe
markers of autoimmune process
may have not evolve the typical
sonographic findings. However,
reduced thyroid echogenecity still
remains one of the principal findings
of AITD. We also observed that 88.3%
of patients with AITD had irregular
echo pattern, another important
marker for early thyroid failure. The
prognostic value of the evaluation
of echogenecity and echo pattern
has been found to be increased in
the general population, as only a
small minority of  randomly selected
subjects has increased levels of
thyroid  autoantibodies, when both
sonographic characteristics are
absent (32).

We also found similar VI (%)
 values in patients seropositive for
both anti-TPO and anti-Tg, as com-
pared to seropositive patients for
anti-TPO or anti-Tg. Given that high
levels of both anti-Tg and anti-TPO
are closely related to autoimmune
process and the development of goi-
ter and hypothyroidism (21, 33), it
could be proposed that seropositivi-
ty for both thyroid peroxidase and
thyroglobulin autoantibodies repre-
sents a mechanism affecting mainly
the gray-scale sonographic appear-
ance and in a lesser extend the den-
sity of thyroid vessels in a sono-
graphic section. The former was also
supported by Vlachopapdopoulou et
al, who observed that double
seropositivity was associated with
an acceleration of the time needed
for the thyroid sonographic findings
to change and become diagnostic for
Hashimoto’s thyroiditis (19). 

In this study we used a semi-
quantitative method for the evalua-
tion of thyroid vascularity.
Vascularity index represents the total
area of vessels spots in each section
of the thyroid lobe, but is not cur-
rently being used for the direct
measurement of thyroid blood
 supply. Although the time needed
for imaging processing and for

Our findings showed that right TL
VI values greater than 7.44% have
91.2% specificity for the diagnosis of
AITD. We observed that 3 out of the
34 healthy controls studied had VI
(%) values greater than 7.44%, with-
out any other sonographic findings
suggestive of AITD and normal titres
of thyroid autoantibodies. Although
none of these subjects presented
with any clinical or laboratory find-
ings of AITD and still remain disease-
free, seronegative thyroiditis could
only be excluded if the follow-up
period was longer (21). The possibili-
ty of increased VI (%) values in such
subjects being an early sign of
autoimmune thyroiditis remains
hypothetical and needs to be
addressed in a formal comparative
prospective study. For our 34 healthy
controls we found an overall mean VI
equal to 3.55 %, similar to 3.67%
found by Macedo TAA et al. in
84 healthy subjects (22). Increased
vascularity in thyroid sonography
could be diagnosed in patients with
TSH secreting pituitary adenomas or
resistance to thyroid hormone (23),
acromegaly (24), and pregnan-
cy (25); however patients with such
diseases were initially excluded and
no related signs, symptoms or typi-
cal laboratory findings were detect-
ed in any of our healthy controls or
any of the patients at the start or dur-
ing the study. 

Although right TL VI values
greater than 14.75% were sensitive
and specific enough to differentiate
patients with Graves’ disease from
those with Hashimoto’s thyroiditis,
in clinical practice we encountered a
few difficulties. The two disorders
are related in fundamental ways, as
it has been proposed that GD devel-
ops on a background of thyroiditis.
The progression from Graves’
hyperthyroidism to chronic autoim-
mune thyroiditis and hypothy-
roidism is well-recognized (26) and
the converse also occurs (27).
Moreover, there are patients who
have hypothyroidism one year,
Graves' hyperthyroidism another,
and hypothyroidism again later (28).
Finally, ultrasonographic conversion
from end-stage HD to Graves’ hyper-
thyroidism may take some time to
become evident, 30 months in a pre-
viously described patient (29). The
follow-up period of our study was
much shorter and in our opinion the
VI at the time of diagnosis cannot
provide further information for the
conversion from one autoimmune
disease to the other.

We compared the sensitivity and
specificity of VI (%) to the correspon-
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quantifying the vascularity of each
thyroid lobe relatively short, an auto-
mated system would be more help-
ful in clinical practice. Nowadays,
most of the high resolution appara-
tus have their own system for the
measurements of the VI; however we
preferred to use a wide spread
 available software for convenient
reasons.

In conclusion, measurement of
vascularity index is an easy, non-
invasive, and reproducible method.
Although it depends on operator
experience, it can provide relatively
prompt information on thyroid
 status and diagnose autoimmune
thyroid disease with high specificity
albeit relatively low sensitivity.
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