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ORIGINAL ARTICLE

PURPOSE: Aim  of th is  s tudy w as  to e valuate  th e  corre lation be tw e e n th e  gray-s cale  & Color Dopple r Ultras onograph y
(CDUS) findings  and th yroid h orm one  value s  in patie nts  w ith  th yrotoxicos is  due  to th yroiditis  and to q ue s tion
th e ir applicability in daily practice s . METHODS: Th e  CDUS param e te rs  lik e  pe ak  s ys tolic and e nd dias tolic
ve locitie s  of s upe rior th yroid arte ry and re s is tive  inde x value s  w e re  com pare d w ith  th yroid d h orm one  le ve ls  in
60 patie nts  w ith  k now n th yroiditis . Forty-tw o h e alth y cas e s  w e re  als o s tudie s  as  control. RESULTS: Inte rgroup
com paris on did not s h ow  any s ignificant diffe re nce  in th e  CDUS param e te rs  lik e  pe ak  s ys tolic and e nd dias tolic
ve locitie s  (PSV and EDV) of s upe rior th yroid arte ry (STA) but a s ignificant corre lation w as  found for th e  re s is tive
inde x value  (RI) of th e  s upe rior th yroid arte ry (p< 0.05). In patie nts  w ith  th yroiditis , pos itive  corre lation w as  found
be tw e e n fre e  T3, fre e  T4 and CDUS param e te rs  (p<0.05). CONCLUSION: Color Dopple r ultras onograph y
param e te rs  h as  good corre lation w ith  s e rum  th yroiod h orm one  le ve l in patie nts  w ith  th yrotoxicos is  caus e d by
th yroiditis . s onograph ic analys is  lack s  th is  diagnos tci accuracy.

ABSTRACT

Subm itte d 7 January 2015, Acce pte d 28 January 2015

Introduction

H ype rth yroidis m  is  de fine d as  a condition in w h ich
th yroid gland produce s  e xce s s ive  th yroid h orm one
re s ulting in th yrotoxicos is .Th yrotoxicos is  is  th e  clinical
s tatus  s e condary to rais e d circulating th yroid
h orm one s . Th yroiditis  is  an inflam m atory condition
of th yroid gland re s ulting from  autoim m une , viral,
m e dication and radiation e ffe cts  w ith  rais e d th yroid
h orm one  due  to re le as e  of s tore d h orm one s  from
dam age s  th yroid follicle s . Each  factor re q uire s  a
diffe re nt w ay of tre atm e nt. Th e  th yroid dys function
is  b ioch e m ically e valuate d w ith  TSH  (Th yroid
Stim ulating H orm one ), f (fre e ) T3 and f (fre e ) T4
value s  in th e  blood. W e  e xpe ct th e  f T3, f T4 value s
to incre as e  in th e  cas e s  w ith  th yrotoxicos is . Radio-
nuclide  th yroid s can s h ow ing re duce d th yroid uptak e

w ith  low  s e rum  TSH  is  th e  diagns otic crite rai for
th yroiditis . Alth ough  s onograph y is  not th e  prim ary
tool for diagnos ing th yroiditis , but it m igh t be  h e lpful
if e valuate d along w ith  th e  b ioch e m ical te s ts . Th e
de gre e  of de s truction w ith in th e  gland is  e valuate d
by th e  s onograph ic e xam ination. A norm al h e alth y
th yroid gland h as  a h om oge nous  e ch o s tructure  and
a h igh e r e ch oge nicity th an th e  pe riph e ral m us cle
groups .1 Am ong th e  s onograph ic findings  of th yroiditis
are  m os tly th e  diffus e  h ypoe ch oic appe arance , fibrous
e ch oge nic laye rs  and h ypoe ch oic m icronodule s  Th e
vas cular s tructure  of th e  gland can be  e valuate d
th rough  th e  Color Dopple r Ultras onograph y (CDUS)
analys is . Th e  th yroid gland is  fe d by th e  s upe rior and
infe rior th yroid arte rie s  in both  of th e  lobe s . Th e
s upe rior th yroid arte ry (STA) is  th e  branch  of th e
e xte rnal carotid arte ry, w h e re as  th e  infe rior th yroid
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arte ry (ITA) is  th e  large s t branch  of th e  th yroce rvical
trunk . Th e  variation in vas cular flow  of th e  th yroid
gland m ay give  us  an ide a about th e  de gre e  of
inflam m ation of th e  gland w ith  re s pe ct to s e ve ral
s ubje cts .2 Our obje ctive  in th is  s tudy w as  to find out
a re lations h ip be tw e e n th e  th yroid h orm one  value s
and ultras ound findings  us ing gray-s cale  and color
dopple r ultras onograph y param e te rs  in patie nts  w ith
th yroditis .

w e re  s e le cte d. Th e  s onograph ic ch aracte ris tics  of
e ch ote xture  include d fine , coars e , and m icrono-
dulative  patte rns .

Material and Method

Th is  w as  a pros pe ctive  and e th ically approve d s tudy
conducte d in De partm e nt of Radiology, Erz incan
Unive rs ity be tw e e n 2013 and 2014. Sixty patie nts
w ith  k now n th yrotoxicos is  (rais e d fT3, fT4 and low
TSH ) s e codnary to th yroiditis  w e re  include d and 42
controls  h aving no th yroid ailm e nt w e re  als o s tudie d.
In th yroiditis  group 42/60 w e re  fe m ale  and 18/60
w e re  m ale , w ith  no s ys te m ic ailm e nt apart from
h ype rth yroidis m . In control group 25/42 w e re  fe m ale
and 17/42 w e re  m ale  w ith  s tatu-e uth yroid in te rm s
of s onograph y and th yroid h orm one  le ve ls . Sonogra-
ph ic analys is  w as  pe rform e d by a radiologis t (w ith
7 ye ars  e xpe rie nce  w h o w as  blind to patie nts ) by
us ing th e  Volus on 730 PRO  de vice  w ith  a SP6-12
w ide  band line ar ultras ound trans duce r. A day be fore
th e  s onograph ic analys is , s e rum  fre e  th yroxine  (f
T4), fre e  tri-iodoth yronine  (f T3),and th yrotropin (TSH )
value s  w e re  as s e s s e d. Th e  re fe re nce  range s  tak e n
as  th e  bas is  for th is  m e as ure m e nt in our h os pital
w e re  de te rm ine d as  0.89 -1.76 ng/dl for f T4, 2.3-4.2
pg/m l for f T3 and 0.55- 4.78 m IU/m l for TSH . Th e
cas e s  w h os e  TSH , f T3 and f T4 value s  w e re
m e as ure d and w h o w e re  re garde d as  clinically h aving
th yrotoxicos is  w e re  s e nt to th e  s onograph ic e xam ina-
tion/analys is . Th e s e  patie nts  w e re  analys e d by gray-
s cale  CDUS. During th e  s onograph ic analys is , cas e s
w e re  divide d into 3 grade s  by m e ans  of a s ubje ctive
m e th od w e  us e d in our clinic in accordance  w ith  th e
pare nch ym al e ch oic s tructure  of th e  th yroid gland.
( Tab. 1,  Fig. 1a, 1b).
Such  grading w as  als o pe rform e d in th e  pre vious
s tudie s  in a s im ilar w ay.3 From  e ach  grade , 20 patie nts

Grade 1 Grade 2 Grade 3

Norm oe ch oic gland
w ith  focal- m inim al
h e te roge nous  are as
w ith  s m all ps e udo-
nodule s .

M ild h ypoe ch oic
gland w ith  e ch oge n
s e ptations  and
ps e udo-nodule s .
Norm al and de s -
troye d pare ncyh m a
toge th e r.

Ve ry h ypoe ch oic
gland w ith  th ick  and
e ch oge n s e ptations
and m ark e d
ps e udo-nodule s .
Com ple te ly de s -
troye d gland.

Table 1: Th e  Grading of th e  Cas e s  w ith  Th yroiditis  During th e
Grays cale  Sonograph ic Analys is

1a

1b

Figure 1a: Eutyh roid patie nt w ith  h om oge nous  th yroid gland
(b): Patie nt w ith  grade  3 th yroiditis  (h ypoe ch oic gland w ith  m ark e d

e ch oge n s e ptations )

Th e  cas e s  th at h ad nodule s  and th at w e re  us ing
antith yroid drugs  w e re  not incorporate d in th e  s tudy
on account of th e  fact th at th e y could affe ct th e
th yroid vas culariz ation. Afte r th e  cas e s  h ad be e n



t-te s t for Eq uality of Me ans
Sig.
(2-taile d)

M e an
Diffe re nce

Std. Error
Diffe re nce

Eq ual variance s  as s um e d

Eq ual variance s  not as s um e d

Eq ual variance s  as s um e d

Eq ual variance s  not as s um e d

Eq ual variance s  as s um e d

Eq ual variance s  not as s um e d

Eq ual variance s  as s um e d

Eq ual variance s  not as s um e d

Eq ual variance s  as s um e d

Eq ual variance s  not as s um e d

Eq ual variance s  as s um e d

Eq ual variance s  not as s um e d

Inf PSV

Inf EDV

Inf RI

Sup PSV

Sup EDV

Sup RI

0,717

0,709

0,384

0,367

0,380

0,370

0,766

0,763

0,308

0,29 3

0,037

0,017

-0,53762

-0,53762

0,685881

0,685881

-0,06307

-0,06307

-0,39 533

-0,39 533

0,79 9 36

0,79 9 36

-0,14338

-0,14338

1,47843

1,43604

0,78389 8

0,757327

0,07152

0,07008

1,32510

1,30867

0,779 9 0

0,75608

0,06771

0,05875

Table 2: Inde pe nde nt s am ple s  te s t. Significant diffe re nce  of STA
RI value  be tw e e n control and th yroiditis  groups .
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grade d on th e  gray- s cale , th e  blood flow  w as
e valuate d th rough  CDUS. Th e  PRF (puls e  re pe tition
fre q ue ncy)value s  of th e  de vice  w e re  adjus te d to a
m axim um  le ve l s o as  not to caus e  an alias ing in th e
ne igh bouring vas cular s tructure s . Th e  Pe ak  Sys tolic
Ve locity (PSV), End Dias tolic Ve locity (EDV) and RI
(Re s is tive  inde x) value s  of STA and ITA w e re
m e as ure d from  th e  proxim al intrath yroid s e gm e nts
w ith  a s am pling volum e  of 0.7 m m . In th e  cours e  of
th e  m e as ure m e nts , th e  angle  w as  adjus te d to 30-
40°. (Fig. 2a, 2b)

h os pital s taff w h o w e re  norm al in te rm s  of laboratory
and s onograph y analys e s  w e re  m e as ure d and
com pare d w ith  th e  cas e  group w ith  th yroiditis . Th e
Kolm ogorov–Sm irnov te s t w as  us e d to te s t th e
norm ality of data dis tribution. Th e  Krus k al–W allis
te s t w as  us e d to com pare  th e  continuous  variable s
for m ore  th an tw o groups . Pe ars on corre lation and
Stude nt T-te s t m e th ods  w e re  us e d for corre lative
purpos e s .

In our s tudy, th e  s e rum  h orm one  value s , s onograph ic
grade s , flow  rate s  and RI value s  of th e  cas e s  w ith
th yrotoxicos is  w e re  prim arily com pare d am ong
th e m s e lve s . Afte rw ards , th e  STA and ITA, PSV, EDV
and RI value s  of th e  volunte e r group com pris ing our

2a

2b

Figure 2a: Th e  CDUS analys is  of th e  Infe rior Th yroid Arte ry of
th e  cas e  w ith  Grade  3 th yroiditis . ( PSV: 20 cm /s , EDV: 10 cm /s )
2b: Th e  CDUS analys is  of th e  Supe rior Th yroid Arte ry of th e  cas e

w ith  Grade  3 th yroiditis . (PSV: 19  cm /s , EDV: 11 cm /s )

Results

Th e  value s  of th e  control group and th e  th yroiditis
group w e re  com pare d by m e ans  of th e  Stude nt-T
te s t. Th e  m e an/ave rage  flow  rate s  of STA PSV and
EDV w e re  calculate d. In th e  s am e  w ay, th e  m e an/
ave rage  flow  rate s  of ITA PSV and EDV w e re  calcu-
late d, as  w e ll. Both  groups  w e re  com pare d both  in
th e  control group and th e  h ype rth yroidis m  group.
No s ignificant diffe re nce  w as  obs e rve d be tw e e n th e
ave rage  PSV, EDV value s  of STA and ITA in th e
control group and als o in th e  th yroiditis  group. Th e
control and th e  th yroiditis  groups  w e re  com pare d
w ith in and be tw e e n th e m s e lve s  (Tab. 2). Inte re s tingly,
th e re  w as  a s ignificant diffe re nce  only for STA RI
value s  be tw e e n th e  control and h ype rth yroidis m
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groups . (p= 0,037) (Tab. 2). Th e  m e an value s  of e ach
grade  w e re  calculate d. By m e ans  of Kolm ogorov-
Sm irnov and Sh apiro- W ilk  m e th ods  and no s ignificant
diffe re nce  w as  de te rm ine d be tw e e n th e  3 grade s  by
m e ans  of th e  bioch e m ical and CDUS value s .
In th e  th yroiditis  group, a pos itive  corre lation w as
foud am ong f T3, f T4 value s  and ITA and STA pe ak
s ys tolic and e nd dias tolic ve locity value s . No
s ignificant corre lation w as  obs e rve d be tw e e n th e
TSH  and CDUS value s . A pos itive  corre lation w as
s e e n be tw e e n Supe rior PSV-EDV and Infe rior PSV-
EDV.

a for e xam ple ; s onograph ically grade  3 cas e  (w ith
m icronodular appe arance  involving inte ns ive
e ch oge nic laye rs ) m ay diffe r due  to th e  caus e  of
th yroiditis  or according to th e  active -ch ronic ph as e
of dis e as e . For e xam ple , in De  Que rvain's  th yroiditis ;
th e re  m ay be  an incre as e  in th e  th yroid value s  in th e
e arly s tage s  re s ulting from  th e  de s truction of th e
gland and re le as ing of h orm one s  into th e  circulation
and a de cre as e  in th e  h orm one  le ve ls  in th e  late r
s tage s  re s ulting from  de ple tion of th e  gland. Th e
bioch e m ical value s  w ill diffe r in diffe re nt ph as e s .But
th e  gray s cale  s onograph y grade  3 appe rance  ( as
w e  de fine d) of th e  gland  w ill pe rs is t e ve n if th e
dis e as e  re turns  to a s ile nt ph as e .
In th e  s tudy conducte d by Bogaz z i e t al.th e  argum e nt
th at th e  gland vas culariz ation did not s ignificantly
incre as e  de s pite  th e  e le vate d TSH  value s  w h ich
ros e  s e condarily to th e  gland de s truction w as  put
forw ard w ith  re s pe ct to th e  cas e s  w ith  H as h im oto’s
th yroidits .6 Sim ilar to th e ir s tudy, w e  als o h ave  not
de te rm ine d any incre as e  in th e  blood flow  of s om e
cas e s  w ith  s onograph ically e xtre m e ly h e te roge nous
gland.
Cons e q ue ntly, w e  cannot s tate  th at a cas e  h as  an
active  or ch ronic th yroiditis  by de pe nding on th e  gray-
s cale  s onograph ic im aging. W e  s im ply com e  to
unde rs tand to w h at e xte nt th e  th yroid gland h as  be e n
de s troye d.
One  of th e  re as onable  outcom e s  in our s tudy w as
th e  s ignificant corre lation be tw e e n th e  CDUS value s
and f T3 and f T4 value s . As  th e  CDUS value s
incre as e , s o do th e  f T3 and f T4 value s , w h ich  s h ow s
us  th at w h ate ve r th e  unde rlying caus e  m ay be , th e re
w ill be  an incre as e  in th e  flow  rate s  of both  th e
Supe rior and Infe rior Th yroid Arte rie s  in th e  cas e s
w ith  th yroiditis . Th e re  m ay be  a conne ction be tw e e n
th e  incre as e d blood flow  rate  and m ore  h orm one
s e cre tion of th e  gland. Boggaz z i e t al.6 found th e
m e an intrath yroidal PSV value s  to be  15 ± 3 cm /s  in
th e  untre ate d h ype rth yroid patie nts  w ith  Bas e dow
Grave s ’ dis e as e  (BGD),w h ile  th is  value  w as  5.6 ±
1.4 cm /s  in th os e  w ith  h ypoth yroid H as h im oto's
th yroiditis , 4.3 ± 0.9 cm /s  in th os e  w ith  e uth yroid
H as h im oto's  th yroiditis , and 4 ± 0.8 and 4.2 ± 1.1
cm /s , re s pe ctive ly,in th os e  w ith  th yrotoxic th yroiditis
(toxicos is  due  to de s tructive  proce s s  of th yroid gland).
Se parate ly, in anoth e r s im ilar s tudy conducte d
pre vious ly, only th e  Supe rior Th yroidal Arte rial PSV

Discussion

Th yrotoxicois  caus e d by th yroiditis  is  e valuate d along
w ith  th e  laboratory te s ts  and th e  s onograph ic findings
for its  diagnos is .4 Th e  th yroid pare nch ym al e ch o-
ge nicity in cas e s  w ith  th yroiditis  m ay include  diffe re nt
findings  according to th e  ph as e  of th e  infla-m m atory
proce s s , lik e  incre as e d or de cre as e d pare nch ym al
e ch oge nicity, m icronodu lar appe arance  and
e ch oge nic laye rs . In our s tudy, w e  divide d th e  cas e s
w ith  th yroiditis  into 3 grade s  (de pe nding on th e
m anife s tation of th e  dis e as e  s onograph ically) th rough
th e  gray-s cale  s onograph ic analys is  in th e  s im ilar
w ay as  K im  e t al. h ad pre vious ly pe rform e d.5 Th e
s ubje ctivity of th e  grading m e th od applie d h e re  m ay
be  a lim itation, h ow e ve r, w e  th ink  th at a total of 3
grade s  m inim iz e  th e  ris k  of intra- and inte r-obs e rve r
diffe re nce s .
W e  pe rform e d th e  m e as ure m e nts  on th e  cas e s  w e
h ad m e ntione d in th e  m e th od s e ction and com pare d
th e m  am ong th e m s e lve s . Apart from  th is , w e
com pare d th e  CDUS value s  in th e  cas e s  w ith
th yroiditis  w ith  th os e  w h o w e re  s onograph ically and
bioch e m ically norm al.
Th e  m e an PSV value s  in th e  th yroiditis  group w e re :
PSV STA: 17,0787 cm /s , ITA PSV: 18,3067 cm /s ;
th e  m e an PSV value s  in th e  control group w e re : PSV
STA: 16,6833 cm /s , ITA PSV: 17,769 0 cm /s .
W e  could not find any s ignificant diffe re nce  am ong
diffe re nt grade s  of th e  cas e s  w ith  th yroiditis  w ith
re gard to CDUS and bioch e m ical value s , w h ich
s ugge s ts  th at th e  bioch e m ical and CDUS value s  of
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w e re  m e as ure d, w h ich  is  in concordance  w ith  our
s tudy.7 In th e  ligh t of th is  re s ult, w e  can s ay th at th e
cas e  h as  h ype rth yroidis m  by m e as uring th e  flow
rate s  w ith out obtaining th e  blood h orm one  value s
ye t, In addition, th e  CDUS value s  of th e  cas e s  w ith
h ype rth yroidis m  can le ad us  th e  w ay during th e ir
pos t tre atm e nt ch e ck -ups .8 Th e  fact th at th e re  w as
a s ignificant diffe re nce  in only th e  STA RI value
be tw e e n th e  control and h ype rth yroidis m  groups  and
th at th e re  w as  no s ignificant diffe re nce  in th e  ITA RI
and oth e r CDUS m e as ure m e nt value s  are  th e
inte re s ting cons e q ue nce s  of th is  s tudy. H e re , our
lim itation m ay be  th e  num be r of our cas e s . Once  th e
num b e r of th e  cas e s  incre as e , th e re  m ay be
s ignificant diffe re nce s  s h ow ing up.
In conclus ion, w e  can gain m ore  ins igh t about th e
w ay th e  th yroid gland functions  by pe rform ing th e
gray- s cale  and color Dopple r ultras onograph ic
e xam ination of an e as ily acce s s ible  s upe rficial organ
lik e  th e  th yroid. W e  are  of th e  opinion th at w e  ne e d
to tak e  m axim um  advantage  of s uch  m e th ods  of
analys is  and in orde r to be  able  to provide  th is , w e
re q uire  to carry out furth e r s tudie s  re garding th is
s ubje ct.
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