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Abstract

The main objective of this study was to charactenmarathyroid gland using
ultrasound and scintigraphy. The data of this stwdye collected from 50 patients
referred to Abu Dhabi hospital; they were sufferifgpopm Adenoma,

hyperparathyroidism, renal disease and Hypercalifitee results of this study
using ultrasound and scintigraphy showed that;ntiost of the affected patients
were female (86%) with an average age above 5G\@at the common type of
abnormality was adenoma (36%) and hyperparathywmidi(46%). The

predominant sonographic features were hypoecholgeaapnce (82%) with

Heterogeneous pattern. In summary ultrasound aokkaiumedicine together they
can give a complete description and characterizatid parathyroid gland

concerning the appearance, uptake, focal lesidosstand the common site of the
lesion; where hyperparathyroidism represents thenwon cases in male and
female, while hypoechoic is the general appearancease of adenoma and
hyperparathyroidism. Heterogeneous texture is theracteristics of cases with

adenoma and hyperparathyroidism.
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Chapter one
Introduction

The parathyroid glands are four or more small giarabout the size of a
grain of rice, located on the posterior surfaceth@ thyroid gland. The

parathyroid glands usually weigh between 25 mg 4@dng in humans.

There are typically four parathyroid glands. The tearathyroid glands on
each side which are positioned higher are calledstiperior parathyroid
glands, while the lower two are called the inferparathyroid glands.

Occasionally, some individuals may have six, eigbt, even more

parathyroid glands.

The parathyroid glands are named for their proxinkt the thyroid but

serve a completely different role than the thyrgldnd. The parathyroid
glands are quite easily recognizable from the tllyes they have densely
packed cells, in contrast with the follicle struetuof the thyroid™

However, at surgery, they are harder to differéatieom the thyroid or fat.

Because the inferior thyroid arteries provide ghenary blood supply to the
posterior aspect of the thyroid gland where theathgroid glands are
located, branches of these arteries usually suth@yparathyroid glands.
However they may also be supplied by the branchdseosuperior thyroid

arteries. Thyroid artery, laryngeal, tracheal mpésmgeal artery. Parathyroid
veins drain into thyroid plexus of veins of the ribig gland. Lymphatic

vessels from the parathyroid glands drain into deegical lymph nodes
and Para tracheal lymph nodes. In the histologealse, they distinguish

themselves from the thyroid gland, as they cortiamtypes of cell§!



Thyroid gland (back view)
Parathyroid

Figure (1.1) show the thyroid and parathyroid amgto

Since hyperparathyroidism can only be treated wittgery, then it should
be obvious to you that the goal of the operatiaim ilemove ALL of the bad
parathyroid glands. It should seem obvious as whl if you have two bad
parathyroid glands and your surgeon removes ong; and then you will

not be cured. If we can get you to understand dimgle fact, then we are
half way there! Your parathyroid surgeon must reencall the bad

parathyroid glands (and leave the normal ones dé&har the surgery will

be unsuccessful and the patient will not feel beaitegain any benefit from
the operation. Removing one tumor and leaving ars&dumor behind

(even a smaller one) does little or nothing forplagent. There is no benefit.
US surgeons typically want to know what we are afieg on before we
operate. It makes us more confident before we pknife@ on somebody's
skin. Similarly, many of you will have an endoctiogist that wants to "see"
the parathyroid tumor before he/she sends youdaatingeon. (Editor's note:
this is the dumbest thing in the world--it is NOTet job of the

endocrinologist to find the parathyroid tumor). Base US doctors like to
"see" the tumor before we operate, we have beamtmg different scans
over the past 30 years in an attempt to "find taar". This page is all

about that quest, and how dumb it really is--beeaitscan't be done



accurately. Sestamibi scans are the best scansda fparathyroid tumor,
BUT, they can find only about 50%. In other wortli& tumor is present, but
the scan does not have the resolution to find heré&fore, at least 50% of
parathyroid tumors cannot be seen with a sestascdon. Sestamibi scans
are not as accurate as many doctors will have wglisve. When a sestamibi
scan is positive, it is wrong about half of the dinin other words, the
"parathyroid tumor" they see on the scan is reallyroid nodule, or the
left lower parathyroid is actually the left uppBoon't get excited about your
positive scan--it will be wrong half of the time.dst sestamibi scans are
performed poorly by people who don't do them oftamg these scans can't
even find 35% of parathyroid tumors. Ultrasound ¢iad about 60% of
parathyroid adenomas (if the scan is actually perol by an
endocrinologist or surgeon, or a tech that is daepeed in parathyroid
ultrasound and who has been told that that is wHhet are looking for!).
However, ultrasound only finds the easy to locatgerficial tumors. The
sound waves do not go deep enough and so they tciimhdumors deep in
the neck, those up high in the neck, those in trest; etc. A parathyroid
tumor found on an ultrasound is a parathyroid tuthat any experienced
parathyroid surgeon would find during a routinegblayroid operation, with
a few rare exceptions. Ultrasound performed bych & your local x-ray
place will find less than 25% of parathyroid tum@rsmarily because the
physician that orders the scan almost always oraéthyroid ultrasound".
Thus the well-meaning, often very talented ultrambtiech doesn't know
they are supposed to be looking for a parathyrtaddy We see this every

single day and the scan was wasted.



If scans can't find half of the tumors that exieen it is obvious that scans
cannot be used to determine if a patient has hgpatipyroidism (scans
cannot be used as diagnostic tools).If scans tad'half of the tumors that
exist, then it is obvious that scans cannot be usedetermine which
patients should have an operation and which patieimduld be "observed"
(scans cannot be used to make management deciBem®&mber, most
parathyroid tumors are only the size of an almondyrape and they are
supposed to be deep in the neck behind the thyftid.scans simply can't
see the tumors because they are small and arenhmeck to all of the other
"stuff" in the neck! Also remember that these tusnarake you sick because

of the hormone they are producing, not becauseaheybig".

1.1. Physiology

The major function of the parathyroid glands isnmintain the body's
calcium level within a very narrow range, so the hervous and muscular
systems can function properly. Parathyroid horm@EH, also known as
parathormone) is a small protein that takes pattiencontrol of calcium and
phosphate homeostasis, as well as bone physiolanathyroid hormone
has effects antagonistic to those of calcitonirci@m: PTH increases blood
calcium levels by stimulating osteoclasts to bredakn bone and release
calcium. PTH also increases gastrointestinal calciabsorption by
activating vitamin D, and promotes calcium consgova(reabsorption) by
the kidneys. Phosphate: PTH is the major regulatoserum phosphate
concentrations via actions on the kidney. It isirdnibitor of proximal and
also distal tubular reabsorption of phosphorus.otligh activation of
Vitamin D the absorption of Phosphate is increagesh much calcium in

the blood (hypocalcaemia) may not cause any syngtdrall or can cause a



number of symptoms and medical conditions. Theskig® depression or
mental confusion, kidney stones, bone and joinh,pabdominal pain ar
general achesand pains rom no obvious causelhrough activation @
Vitamin D the absorption of Phosphate is incre: Patients with
parathyroid cancer have symptoms includbone pain, kidney diseasand
confusion, extremely high levels of parathyd hormone in the blo,
hoarseness amteck masses that can be felt with the

Sometimes the diagnosis of cancer is difficult taken even after surger
This is because parathyroid cancer cells look wamjilar to noncancerot
adenoma cells. However, parathyroid canceso rare (less than 1% of .
cases) that many head and neck surgeons (otoldogisfis) never see

patient with it.
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1.2. Problem of the study:

Parathyroid gland is considered as one of the itapbpart of the endocrine
system gland which secrete significant level ofnmames incorporated into
the body nutrition metabolism such as calcium lemeblood serum, so
detection of parathyroid gland pathological comaitrelated to its small size
may lead to miss diagnosis due to its position wtyroid gland there for
the use of ultrasound and nuclear medicine scahn et techniqgue may
lead to differentiate between the thyroid and pamatid pathology also
early detection of its morphological changes relateits site and size.

1.3. Study objective:
1.3.1.General objective:

The main aims of this study is to characterize garathyroid gland
pathology and morphology using ultrasound and sgaghy in order to

exclude the main pathological finding related te tluclear medicine scan.
1.3.2.Specific objective:

 To characterize the parathyroid gland pathologyngisihe

ultrasound and nuclear medicine scan
» To measure the length and the width of the gland

* To correlate between the most pathological findielgted to

the age, shape of the gland

* To identify the echo-texture of parathyroid glaethted to the
finding and morphological shape.



1.4. Significance of the study

This study was highlighted on the investigation aridhracterization of
parathyroid gland using ultrasound imaging corezlato the nuclear
medicine functional imaging and this was providdah functional and
morphological characterization of the parathyroithng disease and
therefore accurate evaluation of its pathology awimal status. This
research will provide recommendation on how to @&t the important of

the scintigraphy and ultrasound images in diagmpgarathyroid gland.

1.5. Overview of the study:

This study was consist of five chapters, chapter was an introduction
introduce briefly this thesis and contained (anatophysiology, pathology
problem of study also contain general, specifieotiyes, significant of the
study and overview of the study). Chapter two wesdture review about
role of US scan in diagnosis of parathyroid glandedse, and other
modalities used. Chapter three was describe thdaudelogy (material,

method) used in this study. Chapter four was irmfucesult of presentation
of final finding of study; chapter five includedsdussion, conclusion and

recommendation for future scope in addition toneziees and appendices.



Chapter two
Literature review
2.1. Parathyroid gland pathology ultrasound
2.1.1. Shape

Parathyroid adenomas are typically oval or beamesthaas parathyroid
glands enlarge, they dissect between longitudir@iknted tissue planes in
the neck and acquire a characteristic oblong sh#péhis process is
exaggerated, they can become tubular or flatteiedeTis often asymmetry
in the enlargement, and the cephalic and/or caerthican be more bulbous,
producing a triangular, tapering, tear dropor @ldlshape.(Charboneau JW
et.al 1982, Randel SB et.al 1987).

2.1.2. Echogenecity and Internal Architecture

The echogenecity of most parathyroid adenomas hbstantially less than
that of normal thyroid tissue. The characterisypdechoic appearance of
parathyroid adenomas is caused by the uniform legtialarity of the gland
with little fat content, which leaves few interfacéor reflecting sound.
Occasionally, adenomas have a heterogeneous appeanaith are asof
increased and decreased echogenecity. The rawiciing parathyroid lip
adenomas are more echogenecity than the adjageoidiygland because of
their high fatcontel®4 .A great majority of parathyroid adenomas are
homogeneously solid. About 2% have internal cystmponents resulting
from cystic degeneration (most often) or true sanpjsts (less ofterdb, 36
Adenomas may rarely contain internal calcification.



2.1.3. Vascularity

Color flow, spectral, and power Doppler sonograpbfy an enlarged
parathyroid gland may demonstrate a hypervascatenm with prominent
diastolic flow. Anenlarged extra-thyroidal artery, often originating from
branches of the inferior thyroidal artery, may bsusalized supplying the
adenoma with its insertion along the long-axis @de42 A finding
described in parathyroid adenomas iaacular arc, which envelops 90 to
270 degrees of the mass. This vascular flow patteay increase the
sensitivity of initial detection of parathyroid ademas and aid in confirming
the diagnosis by allowing for differentiation frdgmph nodes, which have
a central hilar flow pattern. Asymmetric increas@gcular flow may also be
present in the thyroid gland adjacent to a paraidyadenoma.

2.1.4. Size

Most parathyroid adenomas are 0.8 to 1.5 cm lomgveeigh 500 to 1000
mg. The smallest adenomas can be minimally enlaglgads that appear
virtually normal during surgery but are found to bgpercellular on
pathologic examination (Fig. 19-5; Video 19-1). §g@aradenomas can be 5
cm or more in length and weigh more than 10 g. p¥esiive serum calcium
levels are usually higher in patients with largge@omas.31

2.1.5. Multiple Gland Disease

Multiple gland disease may be caused by diffuseehpylpsia or multiple
adenomas. Individually, these enlarged glands maye hthe same
sonographic and gross appearance as other pandtlagilenomas. However,

the glands may be inconsistently and asymmetricaitlarged, and the



diagnosis of multi-gland disease can be difficaltmake sonographically.
For example, if one gland is much larger than thes, the appearance may
be misinterpreted as solitary adenomatous disédisFnatively, if multiple
glands are only minimally enlarged, the diagnosay ftme missedal together.
2.1.6. Adenoma localization

2.1.6.1 Sonographic examination and typical locatis

The sonographic examination of the neck for paraidy adenoma
localization is performed with the patient supifdée patient's neck is
hyper-extended by a pad centered under the scapamakethe examiner
usually sits at the patient’s head. High-frequetreymsducers (8-17 MHz)
are used to provide optimal spatial resolution amlialization in most
patients; the highest frequency possible shoulddael that still allows for
tissue penetration to visualize the deeper strasfisuch as the long uscolli
muscles. In obese patients with thick necks or Jattye multi-nodular
thyroid glands, use of a5-MHz to 8-MHz transducexynibe necessary to
obtain adequate depth of penetration.

The pattern of the sonographic survey of the neckaflenoma localization
can be considered in terms of the pattern of digseand visualization that
the surgeon uses in a thorough neck exploratiore Wpical superior
parathyroid adenoma is usually adjacent to thegpiostaspect of the mid-
portion of the thyroid. The location of the typicalferior parathyroid
adenomais more variable but usually lies close to the Iowele of the
thyroid. Most of these inferior adenomas are adjatethe posterior aspect
of the lower pole of the thyroid, and the restiaréhe soft tissues 1 to 2 cm
inferior to the thyroid. Therefore the examinatisnnitiated on one side of
the neck, centered in the region of the thyroidhd)awith the electronic

focus placed deep to the thyroid. High-resolutioayescale images are

10



obtained in the transverse (axial) and longitudi(sa#lgittal) planes. Any
potential parathyroid adenomas detected in theswense scan plane must be
confirmed by longitudinal imaging to prevent mistakother structures for
an adenoma. Some authors recommend the use of essigrof the
superficial soft tissues to aid in adenoma detacti®, 41 This has been
described as “graded” compression with the trarsdim effect minimal
deformity of the overlying subcutaneous tissues atrdp muscles and
increase the conspicuity of deeper, smaller adeadrtacm). Color flow or
power Doppler sonography is also used to asseswyabeularity of any
potential adenoma, aid in detection, and diffesditn from other
structures.38-42 Hyper-vascularity may be eviddittt & polar insertion of a
prominent extra-thyroidal feeding artery, also wiripheral arcs of blood
flow. After one side of the neck has been examireedjmilar survey is
conducted of the opposite side. However, 1%to 3%aohthyroid adenomas
are frankly ectopic andnot found in typical locascadjacent to the thyroid.
Therefore the sonographic examination must be detdihaterally along the
carotid sheaths, superiorly from the level of thendible, and inferiorly to
the level of the sternal notch and clavicles. Tiwr fmost common ectopic

locations are considered separately next.

11



Figure 2.1. Superior parathyroid adenoma A, Longitudinal, andB,
transverse, sonograms show an aden@maws)adjacent to the posterior
aspect of the midportion of the left lobe of therthd (T); C, common

carotid arteryE, esophagus], internal jugular vein(r, trachea.

Figure 2.2. Ectopic superior parathyroid adenoma: tacheoesophageal
groove. A, Transverse sonogram reveals an aden@naors) arising from
the right tracheoesophageal groove located posierio the neck. The
patient’s head is turned to the left, which desdtee adenoma laterally and

aids in visualization. C, Common carotid artery;Tr, trachea. B,

12



Corresponding longitudinal sonogram shows the eéctoguperior
parathyroid adenoméarrows) posterior in the low neck adjacent to the
cervical spineC, common carotid artenyC, CT scan of the low neck/upper
mediastinum in another patient shows an ectopio@aa(arrow) in the left

tracheoesophagealgroove adjacent to the esoplggus

2.1.6.2. Ectopic Locations Retrotracheal Retroesopigeal Adenoma

Superior adenomas tend to enlarge between tissnethat extend toward
the posterior mediastinum; the most common locatioan ectopic superior
adenoma is deep in the neck, posterior or posteralato the trachea or
esophagus (Fig. 19-10; Video 19-5). Acoustic shadgwrom air in the
trachea can make evaluation of thisarea difficlitte transducer should be
angled medially to visualize the tissues postetmrthe trachea. Often
theadenoma protrudes slightly from behind the #acland only a portion of
the mass will be visible. Turning the patient’s théa the opposite side will
accentuate the protrusion and provide better aitolysto the retrotracheal
area. This process is then repeated on the otthero$ithe neck to visualize
the contralateral aspect of the retrotracheal dreia. process is analogous to
the maneuver that a surgeon uses to run a fingeetyind the trachea in an
attempt to palpate a retrotracheal adenoma. Maxumaing of the head also
often causesthe esophagus to move to the oppadeeoEthe tracheaas it
becomes compressed between the trachea and tlatespine. If the
examiner sees the esophagus movecompletely fronsideeof the trachea
to the oppositeside during maximal head turningg #sophagus has
effectively “swept” the retrotracheal space andI| vhiavepushed any
parathyroid adenoma in this location outfrom behhltrachea.

13



Figure 2.3. Ectopic parathyroid adenoma: anterosupgor mediastinum.

A, Transverse sonogram angled caudal to the clavsties/s an oval, 1-cm
ectopic inferior parathyroid adenonfarrow) in the soft tissues of the
anterosuperior mediastinurB, CT scan of the upper mediastinum shows
the ectopic adenom@rrow) in the anterosuperior mediastinum, deep to the

manubriumand adjacent to the great vessels.

2.1.7. Persistent or recurrent hyperparathyroidism

Persistent hyperparathyroidism is the persisterficéypercalcemia after
previous failed parathyroid surgery.This is fredlyencaused by an
undiscovered ectopicparathyroid adenoma or unrezedn multiple

glanddisease, with failure to resect all the hypsefioning tissue during
surgery.51-53 Recurrent hyperparathyroidism isndefias hypercalcemia
occurring after a 6-month interval of normocalcemesulting from the new
development of hyper functioning parathyroid tisfwen previously normal
glands.54 Recurrent hyperparathyroidism is ofteansen patients with
unrecognized MEN syndromes. Because of scarring fasrdsis from

previous surgery,the curative rate for repeat syrggelower than for initial

14



surgery; the risk of recurrent laryngeal nerve dgenand postoperative
hypocalcaemia from hyperparathyroidism may alsgreater.55,56Imaging
before reoperation is particularly beneficial, antbst care strategies
recommend liberal use of imaging studies in thisiagion. 53,56-60
Ultrasound is an effective first-line imaging mataln the preoperative and
reoperative assessment of parathyroid disease, idprgv anatomic
localization with a relatively inexpensive, nonisiae method that avoids
the use of ionizing radiation.41,42,59,60 Duringi@graphic evaluation of
reoperative patients, specific attention is paidthie most likely ectopic
parathyroid locations—those associated with a gtaatwas not discovered
at the initial neck dissection. A small subgrouppaitients who develop
recurrent hyperparathyroidism underwent previous-tnansplantatiorof
parathyroid tissue in conjunction with previousatoparathyroidectomy,
typically for complications of chronic renal faieirHyperparathyroidism in
the setting of parathyroid auto-transplantationréderred to as graft-
dependent hyperparathyroidisin parathyroid auto-transplantation, a gland
Is sliced into fragments that are inserted intogwally prepared
intramuscular pockets in the forearm or sternool@idstoid muscle.
Normal-functioning auto-transplanted parathyroicftg are typically too
small and similar in echotexture to the surroundmgscle to be adequately
visualized  sonographically.  However, graft-depemnderrecurrent
hyperparathyroidism can be imaged sonographicappearing as oval,
sharply marginated, hypo echoic hyper vascular lesdmeasuring 5 to 11
mm and similar in appearance to hyper functioniagaghyroid glands or
adenomas arising in the neck6l. The hyperfunctgpranto-transplanted
fragments usually can be found by the surgeon wthigepatient is under

local anesthesia, and a portion of the graftedidigsmn be excised to cure the

15



hypercalcemia. Occasionally, for patients who aeaandidates for repeat
surgery, ultrasound-guided percutaneous ethanettion may be used for
ablation of recurrent hyperparathyroid diseaséérteck or at a graft site.

., gy

~ gy i g

Figure 2.4. Ectopic parathyroid adenoma: near caratd sheath. A,
Longitudinal sonogram of right side of the neck whoan ectopic
undescended parathyroid adeno(aerow) external to the carotid sheath,
anterior to the common carotid arterfC).Ultrasound-guided biopsy
confirmed parathyroid tissue before surgical exation. SG, Submandibular
gland.B, Scintigraphy using technetium-99m sestamibi andmarSPECT

imaging shows a focal area of increased activityght superior lateral neck

16



(arrow),which corresponds to the ectopic adenoB@, salivary glandsT,
thyroid. C, Transverse, an®, longitudinal, sonograms in another patient
show an ectopic left inferior adenontarrow) located within the carotid
sheath, posterior to the internal jugular v&ln Ultrasound- guided biopsy
confirmed parathyroid tissue before surgical exgion. At surgery, the

adenoma was adherent to the vagus n€&y€ommon carotid artery.

2.2. Previous study:

Solbiati et.al 2001 aimed to evaluate the Ultrasbahthyroid, parathyroid

glands and neck lymph nodes In the past 15 yegtsflequency B-mode
sonography and colour—power Doppler have becomentst important and
most widely employed imaging modalities for thedstwf the neck, in

particular for thyroid gland, parathyroids and Iympodes. Sonography
allows not only the detection but often also therabterization of the
diseases of these organs, distinguishing benign fralignant lesions with
high sensitivity and specificity, which could berther improved by the
employ of ultrasound contrast agents and harmanaging. Although no

single sonographic criterion is specific for bengmmalignant nature of the
lesions, the combination of different signs camiagkedly helpful to speed
up the diagnostic process. Fine-needle aspiratiopsip (FNAB) remains

the most accurate modality for the definitive assemnt of thyroid gland
nodules and of any doubtful case of nodal diseaseassociation with

clinical findings and serum levels of parathormoRBIAB has specificity

close to 100% for the characterization of paratidyaslenomas. A combined

approach with sonography and FNAB is generally yigiffective
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Kamaya et.al 2006 aims to evaluate the parathygtadd abnormality in
80% to 90% of patients with primary hyperparathgh®m, a single
parathyroid adenoma will be identified as the atlpvhereas the remaining
10% to 20% are caused by multiple adenomas, paoathigyperplasia, and
rarely, parathyroid carcinoma. At the 2002 Natiomastitute of Health
consensus meeting, minimally invasive parathyrdimi@y was endorsed as
a promising and attractive alternative to totalgplayroidectomy. Therefore,
preoperative localization of the adenoma is criticghe clinical evaluation
of the patient before surgical resection. Althoagienomas less than 1 cm
may be difficult to visualize sonographically, knedge of typical imaging
characteristics of parathyroid adenomas and usepetial sonographic
technigues will facilitate identification in mostfents. Typical imaging
characteristics of parathyroid adenomas includedgmneously hypoechoic
echotexture on gray scale with an enlarged feediteyy and peripheral arc
of vascularity seen on color and power Doppler.pBroneck extension,
unilateral graded compression techniques, and rgasvallowing will
improve visualization of adenomas.

Gretchen Pet.al 1999 studied theParathyroid Lcaiadim with High-
Resolution Ultrasound and Technetium Tc 99m Sestiatditrasound and
sestamibi scanning were performed in patients wuleg neck exploration
for hyperparathyroidism. If the 2 scans agreed dentifying a single
adenoma, and surgery confirmed the location ofnglsiadenoma and an
ipsilateral normal gland, a unilateral exploratwas performed. His study
was carried on University tertiary care center drtysone consecutive
patients undergoing surgery for hyperparathyroidisom September 1,
1994, through September 30, 1997. High-resolutidirasound was

performed in 59 patients and sestamibi scanninggBipatients; all patients
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underwent neck exploration by a single surgeonult®f preoperative
ultrasound and sestamibi scanning were comparetl wogerative and
histological findings which showed that all patentvere cured of
hypercalcemia. Specificity of ultrasound and segtaiscanning was 98%
and 99%, respectively; however, their sensitivitgswonly 57% and 54%,
respectively. Both imaging modalities had lowerss@vities in the setting
of multigland disease. If both imaging studies weoasidered as a single
test, sensitivity for imaging in patients with pamny hyperparathyroidism
reached 78%. Our localization protocol allowed alateral approach in
43% of patients (23 of 53). These results confine value of preoperative
localization in patients with hyperparathyroidisnunilateral approach can
be used with a high degree of success in cases whmasound and
sestamibi scanning agree in the identification single adenoma confirmed

by surgical exploration with the identification @hormal ipsilateral gland.

C.N. Patel et.al 2010 amied to evaluate the acguddcultrasound and
parathyroid scintigraphy using single photon-emissi computed
tomography/computed tomography (SPECT/CT) for theeoperative
localization of solitary parathyroid adenomas intiggets with primary
hyperparathyroidism who would be suitable for mially invasive
parathyroid surgery. Retrospective study of 63 eounBve patients with
biochemical evidence of primary hyperparathyroidisraferred for
preoperative localization of parathyroid adenonat tiroceeded to surgery
in the same institution. All patients underwentirgsolution ultrasound
and Technetium-99m sestamibi scintigraphy with ataand SPECT/CT
imaging. The accuracy of preoperative imaging wasgared to surgical

and histological findings as the reference standaiftl-nine patients had
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solitary parathyroid adenomas, three patients hadiltiglandular
hyperplasia, and one patient had multiple paratdyaodenomas confirmed
at surgery and histology. Thirty-five solitary pémgoid adenomas were
identified preoperatively with ultrasound (64%) a8 with SPECT-CT
(90%). Concordant ultrasound and SPECT/CT findimgse found in 35
cases (59%). An additional three adenomas weredfomith ultrasound
alone and 18 adenomas with SPECT/CT alone. Fifgy-of the 56
adenomas localized using combined ultrasound atC3ECT were found
at the expected sites during surgery. Combinedsdtind and SPECT/CT
has an overall sensitivity of 95% and accuracy Ifo%or the preoperative
localization of solitary parathyroid adenomas. Tleembination of
ultrasound and SPECT/CT has incremental value ocurately localizing
solitary parathyroid adenomas over either techniglene, and allows
selection of patients with primary hyperparathyignad who would be

suitable for minimally invasive surgery.

M. Kebapci et.al 2004 was aimed to evaluate theigeity and usefulness
of high resolution ultrasonography (US) and duahgeh technetium-99m
sestamibi (Tc-MIBI) scintigraphy in the preoperatiiocalization of
parathyroid lesions in patients with or without ibig disease and to define
the impact of the presence of thyroid disease esdlmethods. Preoperative
US and scintigraphy were performed on 52 patientith wrimary
hyperparathyroidism. Age, gender, preoperativetpgraid hormone level,
serum calcium level, serum phosphate level, diamé&ieation, associated
with thyroid abnormality, and results of parathgroexploration were
determined in all patients. The results of US amdMIBI imaging were
analyzed and compared with surgical and histopaghol findings. At
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surgery, 56 parathyroid lesions were found in 52epts (9 men, 43
women), the parathyroid lesion was solitary (47 nadeas, two
hyperplasias), in 2 patients double adenomas weisept, in 1 patient three
glands was affected by hyperplasia. Twenty-sevdienqta had concomitant
thyroid disease. The overall sensitivity of US didMIBI scintigraphy was
84% and 73%, respectively. In patients without diyr disease, the
sensitivity of these techniques was 90% and 75%peaively. In patients
with thyroid disease, the sensitivity was 78% ardo/ respectively. In
patients with thyroid disease, the combined sefilsitof these techniques
was 89%. These results allow the conclusion tinaxperienced hands, US
is a highly sensitive technique. Especially in @aits with no thyroid
pathology and typical located gland, US alone gdihdal used as a first step
for preoperative localization of parathyroid lesorWWhen negative, Tc-
MIBI scintigraphy is suggested. In patients withncomitant thyroid
disease, the combination of US and Tc-MIBI sciramy represents a

reliable localization technique.
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Chapter three
Methodology
3.1. Material:

Bright view XCT (Philips) gamma camera, Low energ§gh resolution
collimator and low energy general purpose collima®n-hole collimation
should never be used, Window: 20%, Magnificatio: dn computer only
(high mag images should NEVER be used).ComputeillLIi®3, and the
radiopharmaceutical used was Tc-99m sestamibi Jmimjected

intravenously, dose: 20mCi (740Mbq) (+/- dependimgextremes of body
weight)

3.2. Method:

Fifty patients underwent preoperative high-resolutisonography. Both
longitudinal and transverse images of the neck wetained from the level
of the angle of the mandible to the sternal notgmeans of 7- to 10-MHz
transducers. Parathyroid gland was identified ay-@cale imaging by the
characteristic appearance of the thyroid glande&patients had scans all
other patients had scans performed at the Depatrtofi¢tadiology, SKMC,
abudhabi, also these patient underwent nuclear amedscan for further
assessment and clinical correlations so lemon juitkin 20 minutes of
initial imaging is given to the patient to prevehe salivary gland uptake,
(20% juice, 80% water). The patient was positiomeflont of the camera in
supine position in order to scan the neck area.rfi@ites to 1 hour (10 to
20 minutes if being performed immediately prior ntonimal parathyroid
surgery (the MIRP procedure) using intraoperativelear mapping) (About

98% of our scans are completed in 20 minutes gj.les
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3.2.1. Duration of the study
This study was conducted from January 2013- aufuss
3.2.2. Study design:

This is a descriptive study of a cross-sectiongetyhere the data were

collected retrospectively.
3.2.3. Sampling of the study:

The sample of this study consisted of 50 patienteovent T& ™ -sestamibi

scan and ultrasonography.
3.2.4. Area of the study

All the patients are referred to our departmeomfdifferent clinics in our
hospital in Abu Dhabi

3.2.5. Inclusion criteria

All adult patients from both sexes suffering froesibn in the parathyroid

gland referred for examination by scintigraphy aftthsound scan
3.2.6. Exclusion criteria

Patient with surgical removal of thyroid and payatid gland was excluded

from this study
3.2.7. Method of Data collection

We will study 50 consecutive patients parathyraskdse diagnosed at our

institution between Januarys 2013 and august 2015.
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3.2.8. Method of data analysis:

All data were presented as meantSD values. Dat& weralyzed by an
independent t test and by correlation analysis wiéhuse of the SPSS(Inc.,
Chicago, lllinois version 16). A value 0&B.05 was considered significant.
3.2.9. Method of data collection:

The data were collect on master data sheet fromdiagnostic stations
which was including all parameters need for evabnat

3.2.10. Variables of the study:

Patient gender, Age, History of disease and Sigh symptoms, disease
type, echo-texture, length, width, and site ofgheathyroid gland

3.2.11. Ethical issues:

. There was official written permission to Khartoumate diagnostic
centers to take the data.
. No patient data were published also the data wa$ ikepersonal

computer with personal password.
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Chapter four
Results

Table 4-1 show th®ean £SIL of the variables used in the sti

Table 4.2 Show the

ltems Mean +SD

Age 58.3+13.4

Width 03.8+3.9

Length 03.1+3.0

Size 21.1+31,7
Gender Frequency
Male 7
Female 43
Total 50

frequency of gend

® Male

B Female

Figure 41 pie graph showed the frequency distribution ofdke to male

percentage
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Table 4.3 Show the frequency of diagn

Diagnosis Frequency
Adenom: 18
Hyperpaathyroidism 23
Renal disea: 2
Hypercalim: 7
Total 50
c0% - 46%
45% -
0,
40% -
35% A
30% A
25% A
20% - 14%
15% A
10% - 4%
5% -
0% T T T
Adenoma Hyperthyroid Renal disease  Hypercalima

Figure 4.2 show the frequency distribution of tlaegbhyroid commol

pathological conditior
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Table 4.4 Show the frequency distribution of thko-texture that descrik
the parathyroid lesio

Echogenicity Frequency
hypoechoi 41
Norma 9
Total 50

H Hypoechoic

® Normal

Figure (4.3) pie graph shows the percentage oéthegenecity for normi
and hypoechoic lesic
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Table 4.5 Show the texture distribution of paratiytesion

Texture Frequency
Heterogeneous 42
Homogenous 1
Normal 7
Total 50
0,
90% -
80% -
70% -
60%
50% -
40% -
30% o
20% "o
0% . . .
hetrougenous hemougenous normal

Figure 4.4 par graph show the percentage of textistebution of lesior
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Table (4.6) Show the frequency distribution of #ppearance of the les

Appearance Frequency
Well define 18
Il define 15
Norma 17
Total 50
0,
36% -
35% - v
34% -
33% -
32% -
31% - 2
30% -
29% -
28%
27%
well define ill define normal

Figure 4.5 par graph show the distribution of #&dn appearan

Table 4.7 Show the frequency distribution of thealcand no-focal lesion

Lesion Frequency
Focal lesior 38
No lesior 12
Total 50
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m focal

M no lesion

Figure (4.6) pie chart show the percentof focal lesion to normal ol

Table (4.8) show thizequency distribution of the lesi sitethrough the

thyroid lobes

Site Frequency
Lt lobe 16
Rt lobe 23
Both lobe: 3
Norma 8
Total 50
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46%

50% -
45% A
0% 309
35% -
30% -
25% -
20% -
15% -
10% -
5% -
0%

16%

6%

Lt lobe Rt lobe both lobes normal

Figure 4.7Show the percentage of parathyroid disea the site of thyroi

Table 4.9 Show the frequency of the final resulthef stud

Resull Frequency
+ev 42
-ev 8
Total 50
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M +ev

W -ev

Figure (4.8)Show the percentage of positive result to the megane

Table (4.10show thefrequency distribution of the parathyroid gleuptake

NM scan
Uptake Frequency
Increase 35
Decrease 4
No uptake 11
Total 50
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80% -
70% -
60% -
50% -
40% - -
30% -
20% - v,
10% -
0% . T .
increase decrease no uptake

Figure (4.9)par graptshow the percentagerathyroid gland uptak

Table (4.11) Show the us result compared the nuclear medicine res

Ultrasound result Positive result NM| Negative result NI | Total
Adenoma 14 4 18
hyperparathyroidisi 21 2 23
Renal disease 2 0 2
Hypercalima 5 2 7
Total 42 8 50
25 21
20 -
14 ® Adenoma
15
B hyperthyroid
10 - W renal disease
[
4 mh li
5 2 2 o 5 ypercalima
0 . .
+ev -ev

Figure (4.10) show the distribution of the positared negative result of tt

study
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Table (4.12) show combination of parathyroid lesising US& NM
studies

Lesion NM
Ultrasound Focal No
lesion | lesion Total

Adenoma 16 2 18

Hyperparathyroidisi 16 7 23

Renal disea: 2 0 2

Hypercalim: 4 3 7

Total 38 12 50

1616
16 -+
14 A
12 A
10 B Adenoma
3 - 7 B Hyperthyroid
6 | Renal disease
M Hypercalima
4 A 2
2 - 0
0
Focal lesion No lesion

Figure (4.11) Show the appearance of the lesiorpeoad to the diagno:
Table (4.135how the site of the lesion in | & NM

site NM
Ultrasound Lt lobe | Rt lobe| Normal both lobe | Total
Adenoma 10 7 0 1 18
hyperparathyroidism 5 12 5 1 23
Renal disease 0 2 0 0 2
Hypercalima 1 2 3 1 7
Total 16 23 8 3 50
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12

12 4
10

10 A

® Adenoma

M Hyperthyroid

@ Renal disease

M Hypercalima

11

Lt lobe

Rt lobe

Normal

Both lobes

Figure 412 Show frequency distribution of the site of tesibr

Table 4-14 Sbw the frequency of the uptake of the lesioNM

Ultrasound uptake NM

Increase| Decrease No uptaki Total
Adenoma 14 1 3 18
hyperparathyroidism 16 3 4 23
Renal disease 2 0 0 2
Hypercalima 3 0 4 7
Total 35 4 11 50
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16

167 14

14 -

12 -

10 -

£y [e)] (o]
\ L 1

H Adenoma
M Hyperthyroid

4 4 Renal disease

23 3 3 B Hypercalima
1
0
Increase uptake Decrease No uptake
uptake

Figure (4.13)Show th« frequency distribution of theesult of the uptak

Table 415 Show the frequency distribution of the US apaece

Ultrasound Appearance

well define| ill define | Norma Total
Adenoma 7 5 6 18
hyperparghyroidisn 6 9 8 23
Renal disease 1 0 1 2
Hypercalima 4 1 2 7
Total 18 15 17 50
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9

7 8
81 7
7 6 6
6 7 5 ® Adenoma
5 A 4 B Hyperthyroid
47 1 Renal disease
37 2 M Hypercalima
2 1 1
1 -
0 T T f

well define ill define normal

Figure 414 Show theparathyroid pathological shapppearancduring NM
scan

35 - 30.8

30 - 25.8

25 A

20 A

157 3.8

10 A

average size of parathyroid

Adenoma Hyperthyroid Renal disease Hypercalima

diagnosis

Figure 415 Show the average size of the parathyroid corparéhe
diagnosis
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Figure 4-16 scatter plot show age of the lineati@hship between the age
and the size of parathyroid gland

Table 4-16 Show the relationship between the U&adis and gender

gender
Ultrasound Male Female Total
Adenoma 2 16 18
hyperparathyroidism 5 18 23
Renal disease 0 2 2
Hypercalima 0 7 7
Total 7 43 50
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iy
[o}e]

18 - 16
16 -
14 -
12 1 m Adenoma
10 A M Hyperthyroid
7
8 1 m Renal disease
6 - 5
M Hypercalima
4 7 2
2 -
0 T f

Male Female

Figure 4.17ar graph show distribution of the disease amoegrhale anc
female variable

Table 417 Show the frequency distribution of the echogéned the lesiol

Echogenicity
Ultrasoun hypoechoic. Normal | Total
Adenom: 12 6 18
hyperparathyroidisi 21 2 23
Renal diseas 2 0 2
Hypercalimi 6 1 7
Total 41 9 50
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25
21

20 -
15 B Adenoma

12 B Hyperthyroid
10 Renal disease

6 6 M Hypercalima
5> 7 2 2
1
0 T 1
hypoechoic Normal

Figure 4-18Bar graph sho frequency distributiothe echogeneci

Table 4418 Show the frequency distribution of US texturehaf lesio

texture US
Ultrasound HeterogeneousHomogenous Norma | Total
Adenoma 14 0 4 18
hyperpargyroidisn 20 1 2 23
Renal disease 2 0 0 2
Hypercalima 6 0 1 7
Total 42 1 7 50
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20

20 -
18 A
16 7 14
14 A
12 1 ® Adenoma
10 - B Hyperthyroid
8 - 6 = Renal disease
6 - 4 M Hypercalima
4 - 2 2
2 - 0 il 0 0,
0 T T f

Heterogeneous Homogenous Normal

Figure 4.1Bar graph show the texture of the parathyroid die
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Chapter five

Discussion, Conclusion and Recommendation

The data of this study was collected from patieaviig parathyroid
problem using nuclear medicine imaging and ultradoio characterize the
findings using the two methods for better diagnosicome.

5-1 Discussion

The data of this study consisted of 50 patients thean age was 58.3+13.4
(Table 5-1) years 86% were females (Figure 5-2)ciwhmeans the
predominant gender was female and mostly with o&gr. Diagnosis of
these patient showed that there is 4 types of amaldy of the patient which
include: adenoma, hyperparathyroidism, renal disease anderdgiima;
with a frequencies distributions of 18, 23, 2 anphfients respectively. This
reflects that hyperparathyroidism condition repmsé¢he largest percentage
46% followed by adenoma which is 36% (Table 4-3 &hdure 4-2).
Ultrasound results also showed that the appearahparathyroid with the
associated abnormality showed that 82% of the mpahaving hypoechoic
echogenecity (41 patients) the rest was normall€Tdltl and Figure 4-3).
Texture of the parathyroid gland showed that 84%hef patient showed

Heterogeneous texture (42 patients). The resultexmimg echogenicity and
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texture reveals abnormal appearance of the pamthgtand regard less the
type of abnormality where the predominant appeaavas hypoechoic with

Heterogeneous pattern (Table 4-5 and Figure 4-4).

Nuclear medicine investigation concerning the apgp®ze of parathyroid
showed that 36% were well define, 30% ill definel &4% were normal in
appearance (Table 4-6 and Figure 4-5) which meé#s showed abnormal
appearance versus 34% look normal. 74% of the rgatishowed focal
lesion (Table 4-7 and Figure 4-6). 46% of the abvadity occurs in the Rt
lobe while 32% in Lt lobe (Table 4-8 and Figure }4-80% of the cases
showed positive result in nuclear medicine verst% Ishowed negative
results (Table 4-9 and Figure 4-8). While 70% o ttases showed an
increased uptake and 22% with a no uptake and abkewith decreased
uptake (Table 4-10 and Figure 4-9).

Adenoma, hyperparathyroidism, renal disease andribgbma all showed a
positive result in nuclear medicine; where adensh@ved those 4 negative
cases out of 18 and 2 cases out of 23 of hypetpamdism (Table 4-11
and Figure 4-10). As well Adenoma showed out otd8es only 2 cases in
nuclear medicine examination showed no lesion andr f
hyperparathyroidism out of 23 patient 7 of themvedd no lesion; this

means that adenoma and hyperparathyroidism mdsthyexd focal lesion in
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nuclear medicine examination results (Table 4-121 &igure 4-11).
Adenoma concerning the site of abnormality mostdguos in the Lt Site 10
cases out 18, while hyperparathyroidism mostly @ased with the Rt side

12 out of 23 cases (Table 4-13 and Figure 4-13).

hyperparathyroidism cases showed a largest mearotigarathyroid gland
which is 38.8mr followed by Hypercalcemiavhich is 25.8mrh then
adenoma which is 21nfmThis means that these three types mostly present
with enlargement of parathyroid gland. As well as Bage of the patient
increase the size of the parathyroid gland inciedisearly by a factor of
0.02mnflyear (Figure 4-15 and 4-16). For male and female
hyperparathyroidism represents the common cassbasn in Table 4-16
and Figure 4-17, while hypoechoic is the genergeapance in case of
adenoma and hyperparathyroidism (Table 4-17 andur&igd-18). In
conclusion Heterogeneous texture is the charattsriof cases with

adenoma and hyperparathyroidism cases (Table 1&ignde 19).
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5-2 Conclusion

The main objective of this study was to characeetlre parathyroid using
ultrasound and nuclear medicine imaging for 50 goaiti suffering from
Adenoma, hyperparathyroidism, renal disease aneérogbma. The results
showed that the abnormality mostly affected fermath older age above 50
years and the common type of abnormality was adanoamd
hyperparathyroidism. The predominant features wehngpoechoic
appearance with Heterogeneous pattern. In sumni@agaund and nuclear
medicine together they can give a complete desmni@nd characterization
of parathyroid gland concerning the appearancegkaptfocal lesion status

and the common site of the lesion.
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5-3 Recommendations

All patient underwent nuclear medicine examinatainparathyroid
should be examined by ultrasound.

Other abnormality concerning parathyroid shouldifeestigate in
further study for full description of the diseas&sncerning
parathyroid.

Further study could be done to compare the courtseouptake with
the size of the parathyroid size

Also studies could be done to compare the uptakeesaf different

types of abnormality to use it as quantitative ahtaristics.
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Figure A-1 ultrasound image shows thyroid and parathyroid
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Figure A-2 ultrasound image shows thyroid and parathyroid
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Figure A-5 Scintigraphy scan results for thyroid and parathyroid gland including report
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