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ABSTRACT

Introduction : Ultrasound elastography has recently emerged dgnamic technique that
uses high resolution ultrasonography to providestimation of tissue stiffness by measuring

the degree of distortion under the applicationroéaternal force.

Objective: The aim of this study was to evaluate the diagaostcuracy of ultrasound
elastography in the differentiation of malignanddorenign thyroid nodules, using fine needle
aspiration cytology as a standard reference.

Study Design:A prospective cross-sectional study.

Setting: Kenyatta National Hospital and University of NdaroDepartment of Diagnostic
Imaging and Radiation Medicine (DDIRM),

Sample SizeA total of 84 patients were evaluated over a geab6 months, from July 2014
to December 2014.

Materials and Methods:

Study subjectBatients from KNH thyroid clinic who had a provisa diagnosis of nodular
thyroid disease and fulfilled the inclusion critefor the study.

Ethical considerationsEthical approval and clearance was obtained ftben KNH-UON
Ethics Review Board.

Methodology:Conventional B-mode ultrasonography and ultrasceladtography was done
on solid thyroid nodules. Ultrasound elastographgiuded an elastography colour scale
score system (1 to 5) and offline acquisition afrstatios (cutoff of greater than or equal to 4
as malignant). Correlation with fine needle aspratcytology/ histopathology was

subsequently done. A data collection form was usedcord all the relevant data.

Statistical analysisData analysis was performed using the STATA wersi2. Statistical

significance was set at p < 0.05.

Results: A total of 173 solid thyroid nodules in 84 patiemisre examined. Majority, 72/84
(85.7%) were females, while 12/84 (14.3%) were malde median age range was 40 to 50
years. Most patients presented with multiple thymoadules, 53/84 (63%).



Elastography scores of 1 to 3 produced 124 truatheg(benign) cases, while elastography
scores 4 and 5 revealed 39 true positive (malignaases on FNA/Histopathology.
Sensitivity of 0.91 and specificity of 0.97 was @bed using the elastography score system
for thyroid cancer diagnosis. Positive predictiv@ue of 90.9% and Negative predictive

value of 96.9%. Diagnostic accuracy of the techaigas 93.17%.

Strain ratio acquisitions for the same thyroid Hedurevealed a sensitivity of 0.89 and
specificity of 0.96, positive predictive value 08.8% and Negative predictive value of
96.1% in the differential diagnosis of benign andlignant thyroid nodules. However, there
were 5 false positive and 5 false negative findiwgsch markedly reduced the reliability of

elastography.
Conclusion:

This study has shown that ultrasound elastograjplsyno added benefit in determining
whether a thyroid nodule is likely malignant and timal diagnosis should solely depend on

FNA cytology and histopathology findings.



1.0 INTRODUCTION

Thyroid nodules are a common entity found in ab®86 of adults by palpation, 41% by
ultrasound and 50% at autopsy according to stutbeg. A minority of these, less than 5%
are malignant-?Thyroid nodules are commonly seen in areas of mdieficiency, females
,increasing age and after radiation exposure.Sel@a studies on thyroid disease in kenya
havegiven an overall malignancy rate beween 11.78628.3%> . There is therefore need
to screen thyroid nodules to determine which areenfikely to be malignant to enable early

treatment of patients with thyroid can@er

Ultrasound has over the decades played an importdatin the diagnostic evaluation of
thyroid disease mainly because of the glands sig@rflocation, availability and cost
effectiveness of the ultrasound examination. Norrtiglroid anatomy and pathologic
conditions are displayed with remarkable clarityngshigh resolution real time gray scale
(B-mode) and color Doppler sonography.Several s@plgc patterns of malignant thyroid
nodules described include: hypoechogenicity, bturrer spiculated margins,spot
microcalcifications,absent halo sign and intranadwascularity (type 2 vascularity). These
patterns have a low sensitivity and specificity ¢eenendering the examination inaccurate in
differentiating benign and malignant thyroid nodifte®"

In view of this limitation in conventional ultrasnd imaging, there has been in recent years
development of a dynamic ultrasound technique dalastography which utilises variations
in tissue stiffness in differentiating between lggnand malignant lesions in different body
tissues. Studies have shown very promising resultee usefulness of elastography in the
differential diagnosis of thyroid nodul@&This study therefore sought to demonstrate the
diagnostic accuracy and utility of elastography differentiating between benign and

malignant thyroid nodules in our local setting.



1.1 LITERATURE REVIEW

Elastography was first suggested by Ophir et 81).9It refers to imaging of the mechanical
properties of tissues (elastic/ Young's moduflisivhich in simpler terms means assessment
of tissue stiffness or elasticity. Ultrasound, M&RId tactile imaging have been used to assess
tissue stiffness.

This technique is still relatively new and undesearch, it has been studied extensively in the
Asian continent. It is however seldom mentionecEurope and America.Based on expert
opinion,the European Federation of Societies fotradbund in Medicine and Biology
EFSUMB on the Guidelines and Recommendations onQGlweical Use of Ultrasound
Elastography recommend that thyroid elastography Ineaused to guide follow up of lesions

negative for malignancy at FN&

1.2 Principles of elastography

Since 400 B.C physicians have used manual patpttidletect cancers as cancerous lesions
are harder and firmer to touch than the surrountigssgies.

The principle behind which is known as tissue séffs can be calculated using Young's
modulus or Elasticity (E). E is obtained as theordietween a uniform compression (i.e.
stress) and the resultant deformation (i.e. strdihg tissue stiffness can then be converted

and displayed as an image known as an elastogrhith s usually color coded
Young’s Modulus (E) =Stress(s) /Strain (e)

Elasticity is measured in Kilopascals (Kpa). Casdend to be hard on palpation and will
produce lower strain values with a resultant higteung’s modulu$’

1.3 Types of elastography:

There are two types of elastography; namely:StaohShear wave Elastography.

1.3.1 Strain Elastography:

Synonyms include - Static or Compression elastdgrap

In strain elastography repeated gentle compressotige tissue under examination is applied
using an ultrasound probe. This will result in wisgleformation (strain) which is measured
by assessing the longitudinal movement of the éissaused by the compression using

radiofrequency (RF). Owing to the variability ofethnitial stress, Elasticity of the tissue



cannot be calculated, therefore providing qualiainformation only. However, obtaining
strain index of the region of interest can provsgeni quantitative information on the nature
of the tissue under examination which is deemederaccurate than quantitative information

only.™

STATIC ELASTOGRAPHY

Compression Force

—_—

Soft Mass Hard Mass

E

Strain for Soft Mass Strain for Hard Mass
A>>B A=B

Figure 1:Diagrammatic representation of strain wave elastogrphy

[diagram courtesy of institute of advanced medéthication]’

1.3.2 Shear Wave Elastography:

Also as referred to as transient elastography.

As opposed to strain elastography which uses mammmapressions, shear wave elastography
is automated. Pulses from the ultrasound probenreduced transversely into the tissue
under examination.

In this technique a gentle initial compression éoix applied and automatic pulses generated
by the ultrasound probe will produce transverselgrided shear waves within tissue. The

speed of the shear waves is directly proportiomatitfness (E).



E =3PV

E=elasticity
P=density of tissue

V= velocity

Very fast acquisition sequences are used (abou @énes/sec) to obtain real time images.
Due to its automated nature, the initial streggeaslily quantified in Kpa (elasticity). Cancers
will have a high elasticity on shear wave elastppyabecause the waves travel faster in hard
tissue!®

Shear Wave elastography has shown several advantage strain/ Static elastography in
terms of its operator independence and reprodigibilt is thought to have a higher
sensitivity and specificity compared to Strain tdgsaphy (85% and 93% respectively versus
82-88% and 81.8 - 96% respectively). However, laggadies are still required to confirm
shear elastography results and test its diagnastiaracy further. In addition the ultrasound

equipment required is not widely available becafgbe cost!™ 1% 14



SHEARWAVE ELASTOGRAPHY
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Figure 2: Diagrammatic representation of shear wavelastography

[diagram courtesy of institute of advanced medéchlcationf

Both strain or shear wave elastography convertiiseie stiffness information into a color
coded image known as an elastogram. This is ussafigrimposed on a gray scale image of

the region of interest!



1.4 Elasticity scores:

The elasticity score is color based as follows:

SCORE 1 - The nodule evenly displays green.

SCORE 2 - The nodule displays all three colors @mwogattern) i.e. red green and blue.
SCORE 3 - the nodule displays green at the penyplih a blue center.

SCORE 4 -The nodule displays predominantly bluesamtbunding tissue green and red.
SCORE 5 - The nodule and surrounding tissue idadieg completely in blue.

Several studies on ultrasound elastography hawn lione to validate its diagnostic
accuracy in differentiating benign and malignantrdid nodules. This has been because of
the low specificity that conventional ultrasoundhf@s in determining malignancy, as shown
in a study by Frates MC et al (2005)that describe¢keral features that were associated with
malignancy. These features are microcalcificatitiypoechogenicity, intranodal vascularity,
irregular margins and an absent halo $f§rit has been shown that all these features alone
are poorly predictive of malignancy, but in comltioa their specificity increases at the
expense of decreased sensitivity). A local dissertation on the diagnostic role of
ultrasonography in patients with thyroid gland egéanent at KNH, Nairobi by Dr.Khainga
K.A.(2007) further reiterated that no single soragdric criterion or group of criteria can
reliably distinguish benign thyroid nodules fromligaant one%®.Fine needle aspiration has
therefore over time played a central role in sargemalignant from benign thyroid nodules
with 65-75% specificity seen in expert cent&fs.

Hafez et al (2013) at Cairo University in a progpecstudy where the role of fine needle
aspiration and ultrasound elastography in predictimalignancy in thyroid nodules was
compared, showed that USE had a higher sensit({@9% vs. 97.1%), specificity (93.4%
vs. 75.4%), higher Positive predictive value (PPMggative predictive value (NPV) and
higher diagnostic accuracy (95.8% vs. 83.8%) whemetated to FNAC. These authors
recommended the introduction of USE into routinmical practice in combination with

FNAC for diagnostic utility!*¥An earlier study by Y Hongt al in 2009 also demonstrated
similar findings where ultrasound elastographyelded a sensitivity of 88%, specificity of
90%, PPV of 81% and NPV 93% in the differentiatminbenign from malignant thyroid

noduledt



Mireen Friedrich Rust and others in support of diegnostic utility of USE evaluated the
Thyroid Imaging Reporting and Data System (TIRARI®)yeloped by Howath et alversus
strain elastography for the assessment of thyrodlules. They found that inclusion of strain
elastography had a high negative predictive vatmeekclusion of thyroid malignancy in the
diagnostic work ug*®

Similar findings were also shown in a study by CalarAsteria et al (2008) where 86 thyroid
nodules were evaluated .USE revealed a sensitfit94.1%, specificity of 81%, NPV of
98.2% and a diagnostic accuracy of 87%, only shgwmitation in sensitivity for follicular
thyroid carcinomal’®*Some of these nodules can be soft despite thetliattthey are
cancerous, therefore limiting the utility of elagtaphy in accurately identifying thefd!

Hui Wang et al prospectively compared strain ratioelastography score system in 168
thyroid nodules and showed that the strain ratgirithution of malignant thyroid nodules
differed significantly from those of benign nodulegh a p value <0.001. Strain ratio was
also seen to have a significantly higher specyfiit< 0.05) in detecting malignant nodules.
No significant difference was seen in the sensitiof the elastography score system (color
mapping) and the strain ratié’. In another study, Chun—Ping Ning et al (2012)nfb that
strain ratio improved the diagnostic confidence thuéhe quantitative information provided
on nodule characterizatiof. Both these studies used a cutoff of 4 to difféaée@ malignant

or hard nodules (4 and above) from benign or $gftoid nodules (below 4).

Lippolis PV et al (2011) underlined the importarafea quantitative USE method in the
evaluation of nodular thyroid disease. These asthanked at the usefulness of elastography
in the pre-surgical selection of thyroid nodulesthwiindeterminate cytology using
elastography color scale scoring system oMllglignancy was detected in 50% of the nodules
with an elastography score of 1-2 and in 34% os¢hwith score of 3—4. Both the PPV
(34%) and the NPV (50%) were clinically negligibldich effectively negated the reported
usefulness of USE. The authors attributed thesdings to the use of a qualitative
elastography method and emphasized the need fortitpive methods to confirm tissue

stiffnesd??

Cystic degeneration of thyroid nodules and cotertsautoimmune thyroid disease (ATD)
have been listed as some of the factors thoughtatmper the diagnostic accuracy of
ultrasound elastography in some studfés®? However, a study by Magri F et al 2013

showed that elastography strain ratio still hadigh ksensitivity, specificity and negative

7



predictive value for the diagnosis of thyroid mabgcy both in the presence and absence of
autoimmune thyroid disead&

A study done to evaluate the effect of cystic cleamgthyroid nodules using color scaled
elastography scores by Bhatia KSS and others, shthat the score was not significantly
different between benign and malignant nodules 0.09) unless partially cystic nodules
were excludedp = 0.005). However, solid nodules, with a high wlgsaphy score i.e.>2
optimally predicted malignancy, achieving 74% sewisy, 77% specificity, and 76%

22 These findings necessitated the exclusion oficysodules and further

accuracy
underscored the limitation in the effectivenesglaktography in clinical practice. It is on this

basis that cystic nodules were excluded from thdyst

Similarly, thyroid nodules with a calcified shellarmot be optimally evaluated as

demonstrated by Rago.T and others (2007) who regighlat the ultrasound beam does not
cross the ‘egg shell’ calcification and that thel@ compression during elastography does
not result in tissue strain deformatiBrl. It is on this basis that the thyroid nodules with
calcified shells were excluded from the study.



2.0 STUDY RATIONALE AND JUSTIFICATION

Local and international studies on the role ofadtund in differentiating benign and
malignant thyroid nodules have shown that it carfimgily predict that a nodule is benign or
malignant and have therefore recommended that audiagnosis be established by FNA

cytology or histopathology diagnosis after excisbiopsy!*®!

Over the last two decades, a newly developed din#sohnique called elastography that
utilizes ultrasound to estimate tissue stiffnesslasticity has shown promising results in the

differential diagnosis of diseases of the thyrbigast, liver, prostate and pancréds
Currently elastography is not locally used to eatduthyroid nodular disease.

The aim of this study was to evaluate whether tidusion of ultrasound elastography to
screen potentially malignant thyroid nodules woturdbrove the diagnostic accuracy of
ultrasound in our set up and thereby propose amimgaprotocol for the use in thyroid

nodular disease.



2.1 RESEARCH QUESTIONS

. What is the spectrum of elastography findings {istratio and color mapping findings) in

thyroid nodules?

. How do these elastography findings relate withuti@sound appearance of the nodule?

. What is the correlation between elastography ofttheoid nodules with the fine needle

aspiration cytology or the histopathology findings?

2.2 STUDY OBJECTIVES

2.2.1 Broad objective

. To evaluate the diagnostic accuracy of elastograghthyroid nodules in differentiating

benign and malignant nodules.

2.2.2 Specific objectives

. To determine the elastography findings in thyraodues.

2. To relate these elastography findings to the winad appearance of the thyroid nodules.

. To correlate the ultrasound elastography with tN& nd/or histopathology findings.

10



3.0 STUDY DESIGN AND METHODOLOGY
The study was conducted at the Kenyatta Nationapii@ (KNH), Thyroid Clinic and

DDIRM as a prospective cross sectional study.

3.1Study population
Patients newly enrolled or on follow-up at the tigrclinic in KNH awaiting investigations

after a provisional diagnosis of nodular thyroidedise.

3.2 Sample size determination

Sample size calculation was calculated using adtarfor estimating sample size for a single

proportion with finite population correction (Dahi999):

_ NZ?P(1-P)
~ d2(N-1)+Z2P(1-P)

n

n = sample size with finite population correction

N = Population size (During the 6-month study perapproximately 240 patients were
expected to be referred to radiology departmentif@estigation of thyroid nodules by
ultrasonography. Based on review of monthly recoatlsthe radiology department we
anticipated 75% (n =180) of these referrals weigible for the study after accounting for
exclusion criteria, i.e. underage, nodules, calatfon , inconclusive or missing cytology/

histopathology reports and refusals to consent.
Z = statistic for 95% confidence = 1.96

P = expected proportion of investigated patienth walignant nodules on ultrasonography

investigation (prevalence = 11.5%, P = 0.115)

d = precision (desired precision = 5%, d = 0.05)

~ 180 x 1.962 x 0.115(1 — 0.115)
~ 0.052(180 — 1) + 1.962 x 0.115(1 — 0.115)

n

n=84
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3.3 Sampling method

The sample population was a convenient sample asddefined as the outpatients from the
thyroid clinic in KNH who were either new patiends on follow-up and were awaiting
investigations concerning a palpable thyroid no@)leConsecutive sampling was done in the
hospital at different clinic days and the patieht®ked for thyroid sonoelastography on

different days of the week until the desired thgroodule sample size was achieved.

3.3.1 Inclusion criteria

1. Adult 18years of age and above.

2. Referral from thyroid clinic (TC), KNH with eithanodular thyroid disease or solitary
thyroid nodule.

3. Also sent for biopsy of thyroid nodule/s.

4. Approved consent from patient.

3.3.2 Exclusion criteria

Age below 18 years.
Declined consent.
Cystic nodules.

Patients with no final cytology or histopathologgghosis.

a r w0 b

Nodules that ultrasound reveals presence of caitghell.

3.4 Materials and methods

The study was conducted using a LOGIC S7GE ultragauachine at the DDIRM, UON
(which is an extended arm of the radiology teamthatKNH. The ultrasound machine was
used to perform thyroid elastography on the seteptdients referred from the thyroid clinic
(TC), KNH as per the stipulated inclusion crite@ad following approval from KNH/UON

scientific and ethical review committee.

The ultrasound elastography (USE) method used Was slastography. The ultrasound
features of the nodule, the color mapping andrsiradex were recorded in a data collection
tool.

The thyroid ultrasound elastography was carrigdusing a linear 7.5 — 12 MHz transducer

and findings recorded in print or electronic media.
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The principle investigator performed two separdte@sound elastography examinations and
recorded the findings in a data collection formcases where two measurements varied, an
independent investigator repeated the examinatind the correlating findings were
recorded.

3.5 Methodology

3.5.1 Thyroid elastography

TECHNIQUE:

The patient was examined in the supine positioth) Wie neck extended. A soft pillow was
placed under the shoulders to provide better eidersf the neck. The entire thyroid gland
was examined in both transverse and longitudireaigs. The cervical lymph node chain was
also evaluated for any nodal enlargement and tinfys documented

Ultrasound elastography was performed during theventional ultrasound examination of
the thyroid gland. The linear probe was placedhenrteck with light pressure and a box was
highlighted by the operator to include the noduteler examination in the center of the
region of interest (ROI). A 50% allowance around tiodule was included in the ROI where
attainable. Gentle repetitive compression was #pplied. Adequate compression displayed
a green color on all the compression bars at theofahe image. An elastogram was then
displayed over the conventional ultrasound imageaimolor scale. These results were
interpreted using a universal elasticity scoreeystQ analysis was then automatically done
to obtain the most adequate compression done iR@ieover time. Strain index and strain

ratio were then calculated by the GE machine usiagufacturer’s settings.

3.5.2 PROCEDURE FOR FNATHYROID NODULE BIOPSY COLLEC TION.

This was carried out by a pathologist or a constltadiologist in the case of ultrasound

guided biopsy. Both were carried out at the KNH.
3.5.2.1 Ultrasound guided FNA biopsy:

This was carried out when requested by patholalgistto inadequate or difficult localization
of the thyroid nodular lesions via palpation faditional FNA biopsy.
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The neck was cleansed with antiseptic. Local &wesg was not routinely used. The linear
probe of a GE (E series) ultrasound machine wamelg with an antiseptic and dressed in a
sterile glove. Ultrasonic gel was introduced battoithe glove around the probe and on the
patients neck. The gloved transducer was then ¢hlanethe patient’s neck over the thyroid

nodule. A spinal biopsy needle 21 gauge was thearied through the skin under direct

imaging guidance and advanced it to the site oftliyeoid nodule and samples of tissue
aspirated. New needles were used if additional sssmwere required. Several specimens
were collected and smeared on slides for a compleddysis. These slides were then stored
in a stand with 10% formalin solution. Once thepsyp was complete, pressure was applied
to the area to decrease the risk of bleeding. Adage was placed over the area if

necessitated.

3.5.2.2 Traditional/conventional FNA biopsy:

The anterior neck was cleaned to sterilize theoregf interest .The nodular thyroid lesion
was then palpated for localization and stabilizatbthe lesion. A 21 gauge needle was then
used to obtain cellular sample material from tlsgoles palpated. This was then smeared onto
several slides and fixed in 10% formalin soluti@idve evaluation under the microscope.

3.5.3 PROCEDURE FOR HISTOLOGY SPECIMEN ANALYSIS

This was carried out by a consultant Pathologitti@tJON.

Thyroid biopsy samples were received in the lalooyateception having being fixed in 10%
formalin. This was following surgery for removal afthyroid nodular mass lesion either
through a lobectomy or near total thyroidectomybdvatory number was allocated. Tissue
biopsy were then trimmed to appropriate size (ufptmm in thickness) and placed in tissue
cassettes ready for laboratory processing. Tissnaplkes were treated overnight through
various reagents (e.g. decalcifying reagent) iraaomatic tissue processor then embedded
in paraffin wax. Sectioning was done using a mmnet the sections were then treated in
warm water to remove wrinkles. Sections were theedf on glass slides and placed in a
warm oven for 15minutes to adhere to the glas®silaining was carried out as follows;
Depolarization of tissues, done by dipping themxyfene to alcohol to water. Standard
Hematoxylin & Eosin was used for staining. Mountiexgd drying followed. The tissue was

then examined under the microscope for charactesiza
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3.6 Study variables
Non — modifiable variables
1. Age
2. Sex
Modifiable variables.
1. Number of thyroid nodules in each patient.
2. Elastography score of thyroid nodule.

3. Conventional sonographic characteristics of thedigdynodules,

3.7 Study limitations

Intra-observer findings in the sonoelastographymaration were reduced by having two
measurements (elastography scoring) for each nodWoreover, strain ratio a semi-
guantitative analysis of nodule elasticity was oisd.

Some patients were lost to follow-up after ulttas elastography therefore biopsy
correlation was not possible. In view of this alA& findings in the category Thy 3 (follicular
neoplasms) were considered malignant in the study.

A few deep seated thyroid nodules were difficultatitain adequate compression during
elastography and were consequently not assessed.

Not all thyroid biopsies were ultrasound guided.

3.8 Data management

3.8.1 Data collection

Patient bio data, conventional ultrasound and edgaphy findings were documented in a

data collection sheet.

3.8.2 Data analysis

Analysis using STATA version 12 was done. The demaplgic characteristic of patients was
summarized using descriptive statistics. Mean age walculated with standard deviation
using calculations for grouped data. Sex distrdoutiwvas described using frequency

distribution of percentage of male and female pésie

Analysis of characteristics of thyroid nodules ilweal calculating mean (SD) and median

(range) for number of nodules and calculating peege of patients with different
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sonographic findings (echogenicity, halo, vascakion, elasticity, FNAC and

histopathology).

Elastographic scores for thyroid nodules was detexdusing references and the distribution
of elasticity scores (possible range 1 to 5) was@mted using frequency distributions. To
determine the predictive value of elastographiagesdor FNAC or histopathology, the area
under the receiver operating characteristics c(R@C) was calculated with 95% confidence
intervals. The sensitivities and specificitiecommonly used cut-off values of elastographic
score and strain ratio against gold standard dsigrizased on cytology or histopathology of
thyroid nodules was examined. Predictive values &kelihood ratios were also be

calculated.

The relationship between the fine needle aspiratistopathology, and elastography and
strain ratio was established using Pearson Cdoelanalysis at 95% confidence level=
0.05).

3.8.3 Data representative

Continuous numerical data was presented usingigaserstatistics (mean [SD] and median
[range] in tables. Distribution of categories faatipnt characteristics and thyroid nodule
sonographic findings was presented as frequenciritdisons including number with

characteristic and corresponding percentage. THissebutions were presented in form of

graphs, pie charts and frequency tables.

3.9 ETHICAL CONSIDERATION

The study was undertaken after approval by the &fsity of Nairobi and Kenyatta National

Hospital Scientific and Ethical Review Committeeutorization was sought from the

management of the respective institutions beforemencement of the study. The objectives
and purposes of the study were clearly explainedlitnble participants and only patients

who gave informed consent were enrolled using peeaened inclusion criteria.

The ultrasound procedure had no radiation expoandedid not expose the patient to any
harm whatsoever. In addition, it was a painlesggulare and no additional cost was incurred

other than the requested examination from the pyirplysician.

The names of the participants were kept privati¢oextent allowed by the law of the land.
Access to needs assessment data was limited fonsteing directly on this activity. This
was determined by the chief investigators.
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4.0RESULTS

4.1 Demographic Characteristics

The study was conducted on 84 patients with shiydoid nodules. A total of 173 nodules

(100%) in the 84 patients were examined: Those elloe age of 40 years formed the bulk of
the patients accounting for 65.5%. Most of thesgepts (46.4%), were between 40 and 50

years of age.

Table 1 Age distribution of patients with solid thyroid nodules at KNH

Characteristic n (84) Percent (%)
18-28 8 9.5

29-39 21 25.0
40-50 39 46.4
51-61 8 9.5

62-72 5 6.0

73-83 3 3.6

>84 0 -

Total 84 100.0

Majority of the patients were female accounting86r7% (72/84) of the respondents, 14.3%

(12/84) were males.

Table 2 Gender of patients with thyroid nodules akKNH

Sex n (84) Percent (%)
Male 12 14.3
Female 72 85.7
Total 84 100.0

The clustered bar graph below presents the resaltbe patient distribution along their age

and gender.
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Figure 3 Distribution of patients’ gender and ege

4.2 Numberof thyroid nodules

The study revealed thatost of the patien (63.1%) hadhree or more nodul. Only 19%
presented witla solitarythyroid nodule.

Table 3Number of Thyroid Nodules per Patien

Number Of Thyroid Nodules n (84) Percent (%)
1 16 19.0

15 17.9
>3 53 63.1
Total 84 100.0

4.3 Elastographgnd FNA/ histopathologresults

4.31 Elastography score findir:

Twenty three thyroidhodules rpresenting 13.5% had scores ofskéyvent (40.9%) of the

nodules had a score of irty-seven (21.6 %) of the nodules hadaie of 3, thirty-six

(21.1%) of the nodules hadscor of 4 and five (2.9%pf the nodules haan elastography
score of 5.
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Figure 4 Elastography score Findings of the Thyroid Nodul

4.4 Strain ratio findings:
One hundred and twenfixe thyroid nodules72.5%) hada strain ratio of less than 4 wh

48 nodules (27.5%) had a strain reof greater than or equal to 4.

Table 4: Thyroid Nodules Strain Ratio

Strain Ratio Frequency Percentage
Less than 4 125 72.5
Greater than or equal to 4 48 27.5
Total 173 100.0

4.4.1Fine needle aspiration/ Histopathology finding

Fine Needle Aspirate cytology/histopathology reedathat 129 (75%) of the nodules

benign disease while 44 (Z§ of the nodules we malignant.
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Figure 5: Fine Needle Aspirate (FNA) / Histopathology finding

A total of 173 nodules were studied. Fine needpgrate (FNA) was performed in 1f

nodules and the results reported using the Bethdadsification sstem (REF) whil in 14

nodules histopathologgnalysis was done. Thy 1 result was not obtain@a this study
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Table 5: FNA cytology results:

Number of nodules:

Thy 2 :

Colloid nodules /goiter 52
Multinodular goiter 72
Focal thyroiditis 2
Thy 3:

Follicular neoplasm 10

Thy 4 /5 suspicious for
malignancy or malignant

Papillary carcinoma 21
Medullary carcinoma 0
Anaplastic carcinoma 1
Metastasis 1
Lymphoma 0
TOTAL 159

For ease of analysis, the cytopathology resulteweereafter considered as either benign or
malignant. The benign thyroid nodules being Thyn@& @hy 3, 4 and 5 representing the

malignant thyroid nodules.

Table 6: Histopathology result

Benign

Follicular adenoma 2
Multinodular goiter 1
Malignant

Papillary carcinoma 7
Follicular carcinoma 3
Anaplastic carcinoma 1
TOTAL 14

Histopathology reported 3 benign nodules and 1igmaht nodules.

Overall using FNA and histology there were 129 gemodules and 44 malignant nodules.
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Table 7: Elastography versus thyroid nodule FNA/hitlogy result.

Elastographic Score FNA/Histopathology
Benign

Score 1 23(17.8%)

Score 2 68(52.7%)

Score 3 33(24.8%)

False Positive 5(9.1%)(had score 4 or b)
Malignant

Score 4 35(79.5%)

Score 5 4(11.4%)

False Negative 5(3.1%) ( had score 1-3

The table above shows that thyroid nodules elaapdgr scores of 1 to 3 brought about 124
(96.9%) cases of true negative (benign) cases oA/tidtopathology test. Elastography

scores 4 or more revealed 39 (90.9%) cases of pgnstive (malignancy) nodules on

FNA/histopathology. This gave rise to positive pcgde value (PPV) of 90.9%.

The false positive cases were 5(11.4%) and thee faksgative cases were 5(3.9%) in
FNA/histopathology. The negative predictive valldPY) of 96.9%. The sensitivity and
specificity of the elastography score system w8009 and 0.9692, respectively with a
diagnostic accuracy of 0.9317.

Correlation of strain ratio to FNA / Histopatholofigdings showed that strain ratio of less
than 4 produced 125(96.2%) true negative (benignfflA/histopathology. Strain ratio of 4
or more produced 39(88.6%) true positive (malighaiaises on FNA/histopathology. The
positive and negative predictive values were 88a6% 96.1% respectively with sensitivity

and specificity of 0.8863 and 0.9615 respectively.
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Table 8 Strain ratio versus thyroid nodule FNA/hisbpathology results.

Strain Ratio FNA/Histopathology
Benign.

Less than 4 124(96.2%)

False Positive 5(11.4%)
Malignant.

Greater than or equal to 4 39(88.6%)

False Negative 5(3.8%)

Using ROC analysis, the best cut-off strain ratinpis 3.5 for differentiating benign and
malignant nodules with area under the curve (AUQ)87 (0.8—0.95). The sensitivity of the
strain ratio was 88%, while the specificity was 86, PPV = 73.3%, NPV =94.4% and

accuracy = 86.9%. These tests were done at 95%deoct level.

4.4.2 Correlation between Elastography score systeand Strain ratio

Elastography | Strain Ratio
Fine  Needlg Elastography | Pearson Correlation 1 .615**
Aspirate Sig. (2-tailed) 0.037
Strain Ratio Pearson Correlation .615** 1
Sig. (2-tailed) 0.037
Histopatholog | Elastography | Pearson Correlation 1 .846**
y Sig. (2-tailed) 0.011
Strain Ratio Pearson Correlation .846** 1
Sig. (2-tailed) 0.011

Table 9 Correlations between Elastography Findingand Strain Ratio

The study sought to establish the relationship betwthe FNA /histopathology, elastography
and strain ratio. Pearson Correlation analysis wgasl to achieve this end at 95% confidence
level (@ = 0.05). From Table 8, good linear relationshiswatablished between elastography
and strain ratio (R = 0.842, p = .012) for bothdpsithology/ FNA.
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4.4.3 Elastography findings versus FNA/histology maults:

NUMBER OF NODULES
FNA/HISTOLOGY SCORES 1,2 AND 3 SCORE 4 AND 5
RESULTS
Colloid nodules/goitre 51 FP
Multinodulargoitre 70 3FP
Follicular adenoma 2 0
Focal thyroiditis 1 FP
Follicular neoplasm 4N 6
Follicular carcinoma EN
Papillary carcinoma 0 28
Anaplastic carcinoma 0 1
Metastasis 0 1

Table 10: Elastography findings vs. cytology/histalgy findings.

The final FNA cytology/ histology results was cdated with the elastography scores and
revealed the tabulated results above. A low (bgnédpistography score below 3 was seen in
4 follicular neoplasms (FNAC) and in one folliculearcinoma. A high elastography score
(score 4 and 5) was seen in 5 benign nodules doldgy (false positives, FP), limiting the

reliability of the elastography score in the abseotcytology or tissue correlation.
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4.5 Conventional ultrasound findings

4.5.1 Echogenicity:

Out of the 173 solidhyroid nodules examined/0 nodules (40.4%) were hypoechoic,

(35.7%) were isoechoic and 41 (23.9%) were hype&iec

-

Figure 6: Echogenicity of the Thyroid Nodule

When the echogenicity was correlated with findinggs FNA/histopatholog; all the
hyperechoeic nodules were kgn. The malignant nodules were hypoechoeic (61.4¢
isoechoeic (38.6%). This was found to be statiByicagnificant. (table 4 and £

Table 11Echogenicity and Thyroid Nodule Diagnostic Resu

Echogenicity | Benign | Malignant p= value Sensitivity % Specificity %
(n=129) | (n=44)

Hypoechoic 33.6% 61.4% .000 85.0 83.7

Isoechoic 33.6% 38.6%

Hyperechoic 32.8% 0%

Total 100.0% | 100.0%
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4.5.2 Peripheral Halo:

The findings in Table 7 shows that peripheral haés present in 109 (62.1%) of the thyroid

nodules and absent in 64 (37.4%) of the nodules.

Table 12 Presence of Peripheral Halo around the Thigid Nodule

Peripheral Halo n (173) Percent (%)
1. Present 109 62.1
2. Absent 64 37.9
Total 173 100.0

When correlated to FNA/histopathology, 66.4% of bemign thyroid nodules and52.3% of

the malignant thyroid nodules had aperipheral Ippgsent. These findings were statistically

insignificant with a p value of 0.94 at 95% confide level.

Table 13 Peripheral Halo and FNA/Histopathology Readlt

Peripheral Halo Benign Malignant n  p=| Sensitivity | Specificity
(n=129) (n=44) value | % %

Present 66.4% 52.3% .094 92.0 72.9

Absent 33.6% 47.7%

Total 100.0% 100.0%

4.5.3 Microcalcifications:

Microcalcifications were present in 42 (24.3%) nodules and absent3i(75.7%) of the

nodules.
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Table 14 : Microcalcifications in the thyroid nodule.

Microcalcifications n (173) Percent (%)
1.Present 42 24.3
2.Absent 131 75.7
Total 173 100.0

Fifteen perecnt (15.6%) of the benign thyroid neduhadmicrocalcifications while 84.4%
showed no micocalcifications Forty seven perceiitq%) of the malignant nodules showed

microcalcifications.

Table 15: Microcalcifications and FNA/Histopatholog findings.

Microcalcifications Benign Malignant o p-| Sensitivity | Specificity
(n=129) (n=44) value | % %

Present 15.6%(20) | 47.7%(21) .000 91.7 66.7

Absent 84.4%(109)] 52.3%(23)

Total 100.0% 100.0%

A chi-square test value of 18.587 was establisnegp & .001 which shows statistical
significance between the presence microcalcificatiand malignancy at 95% confidence
level.

4.5.4 Intranodal Vascularity:

Fifty six nodules representing 32.2% were hypoubs¢ 105 (60.8%) nodules were
normovascular and 12 (7.0%) nodules were hyperl@scu
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Figure 7: Vascularization of the Thyroid Nodule

43.0% of the benign cases were hypovascular, 54 normovascular and 2.:

hypervascular. Two percent 3%) of the malignant cases were hypovascular, 77&ye

normovascular while 20.5% were hypervasct

Table 16:Intranodal vascularity vs. FNA/Histopathology resut.

Vascularization Benign Malignant n p=| Sensitivity | Specificity
(n=129) (n=44) value | % %

Hypovascular 43.0% 2.3% .000 92.0 72.9

Normovascular 54.7% 77.3%

Hypervascular 2.3% 20.5%

Total 100.0% 100.0%

Chi-square test value of 34.813 wasablished at p < .001 which shov statistical

significance betweemncreased intranodevascularity and malignancgt 95% confidenc

level.
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4.6 Relationship between Sonographic appearance aethstography scores
The study looked at the sonographic appearandeedhiroid nodules and their relationship
to theelastographic scores obtained.

4.6.1 Echo texture and Elastography scores

Thyroid nodules which had elastographic scoresess Ithan 4, hence likely benign had
varied echotexture with 29.8% being hypoechoiec/%0 isoechoic and 30.5% hyperechoic.
Seventy three (73.8%) percent of thyroid noduled tiad elastographic scores of 4 or 5
(likely malignant) were hypoechoic, 21.4 %(9) thgrmodules were isoechoic while 4.8%
(2) were hyperechoic. These findings had a p-vafu@026.As all the hyperechoeic nodules
were benign on histology this may partly explaims talse positive findings on elastography.

Table 17: Echo-texture and Elastographic Scores

Echo-texture Elastographic Scores p

<4 >4
Hypoechoic 39(29.8%) 31(73.8%) 0.026
Isoechoic 52(39.7%) 9(21.4%)

Hyperechoic 40(30.5%) 2(4.8%)

Total 100.0% 100.0%

4.6.2 Peripheral Halo and Elastography scores.

Regarding presence of a peripheral halo, 73.3% hef thyroid nodules which had
elastographic scores of less than 4 (likely beniggperipheral halo while 31.0% of thyroid
nodules that had elastographic scores of 4 ork&lylimalignant) had peripheral halo. No
significant relationship was seen between the @jmaphic scores and presence of a

peripheral halo at 95% confidence level.
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Table 18: Peripheral Halo and Elastographic Scores

Peripheral | Elastographic Scores p
Halo <4 4

Present 96(73.3%) | 13(31.0%) 0.054
Absent 35 (26.7%) | 29(69.0%)

Total 100.0% 100.0%

4.6.3 Microcalcifications and Elastography scores.

Majority of the thyroid nodules had no microcalc#tionand produced a high elastographic
score of 4 and 5 (likely malignant).) showing ttie presence of microcalcifications may not

impact on the elastography scores.

Table 19: Microcalcifications and Elastographic Scres

Microcalcifications | Elastographic Scores p
<4 >4
Present 30(22.9%)| 12(28.6%) 0.001
Absent 101(77.1%) 30(71.4%)
100.0% 100.0%
Total

4.6.4 Intranodal Vascularity and Elastography scors.

Assessment of intranodal vascularity and elastdyragrores revealed that 39.7% of the
thyroid nodules which had elastographic scores asfs [than 4 (likely benign) were

hypovascular while all the hypervascular noduled &a elastography score of 4 and above.
This was statistically significant indicating thidwyroid nodules with increased vascularity

will have higher elastographic scores and will mi&ly be malignancy. This was confirmed

on histology (table 14).




Table 20: Vascularity and Elastographic Scores

Intranodal Vascularity Elastographic Scores pxeal
<4 >4

hypovascular 52(39.7%) 5(11.9%) 0.017

normovascular 79(60.3%) 25(59.5%

hypervascular

0(0.0%)

12(28.6%)

Total

100.0

100.0

4.6.5 Sonographic combinations and Elastography veus FNA/Histopathology

Nine solid thyroid nodules had a combination of dgghogenicity, absent peripheral halo,

presence of microcalcifications and hypervascuyldiikely malignant) were malignant on

FNA/histopathology. Strain ratios of the same shb#at 8 out of the 9 nodules had a strain

ratio of greater than or equal to 4. This shoved Whereas elastography is a good diagnostic

test of malignancy in thyroid nodule there is stdled for FNA/histopathology correlation

Table 21: Combinations of Sonographic Features

Benign Malignant| <4 >4
Hypoechoic, Peripheral Halo Absent, 0(0%) 9(100.0%) 1(11.1%) | 8(88.9%)
Microcalcifications, Hypervascular (Likely
Malignant)
Peripheral Halo, hypovascular, Microcalcifications24(88.9%)| 3(11.1%) | 25(92.6%) 2(7.4%)
Absent, Hyperechoic (Likely Benign)
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4.7 EXAMPLES

4.7.1 Case one

A 38yr old female patient with history of anteriweck swelling for one year.

Findings:

There was a solid hypoechoiec thyroid nodule atigtlenus with type 1 peripheral nodule
vascularity. The left lobe was enlarged with coade$ nodular lesions and .increased

vascularity was seen within the lobe. The righelelas normal.

Ultrasound elastography of the nodule at the istshwwed a predominantly blue colour
(elastography score 4) and a high strain ratio.®fAms calculated from the Q- analysis.

These elastography findings were suggestive ofgnaficy.

Fine needle aspiration confirmed the findings.
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4.7.2 Case two

A 42 years old female patient with a 6 month gstaf anterior neck swelling prior to
presentation.

Findings:

There was an isoechoeic solitary thyroid noduldithe right lobe of the thyroid. A
peripheral halo and increased intranodal vascuylasdts seen.

The nodule had a mosaic pattern and was assigseat@ of 2. A low strain ratio of 0.6 was
obtained after Q- analysis. These results wereesiyg of benign disease

This was confirmed true at FNA cytology.
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5.0 DISCUSSION
Our study included 84 patients with 173 solid digrnodules. Majority of the patients were

female, accounting for 85.7% (72). This correlatesdl with other studies which have shown

female predominance in the occurrence of thyroiduhes*®!.

Also noted was an increasing frequency of thyraddules with increasing age, peak age
being between 40 and 50 years old accounting fo4%6of the patients seen. A lower

frequency was seen in the older age groups gréears1 years, probably attributed to poor
health seeking behaviors in the older populatioroum country that is dependent on the
financial capability of their offspring. Other facs include: low socioeconomic status of the
population, presentation at tertiary institutioms the rural areas without referral to the
national hospital (KNH) for specialist care and morbidities occurring beyond this age

causing mortality. These were also identified agdiag contributing to a low frequency of

patients presenting after the age of 70 yearslocal dissertation on thyroid disease done
KNH. (3]

A greater proportion of patients up to 63% enrollethe study had multiple thyroid nodules
as opposed to 19% of them who presented with taspthyroid nodule. This correlated well
with studies that showed that additional thyroidues were demonstrated during ultrasound
imaging in those initially thought to have a saljtahyroid nodule by palpatié® This
indicates the higher sensitivity of ultrasound wltempared to palpation in the detection of

thyroid nodules.

Various B-mode characteristics of the thyroid nedulvere examined before elastography
(table 9, 10, 11 and 12). This demonstrated thatimgle sonographic feature can confidently
distinguish benign and malignant thyroid noduldsisTs in agreement with previous studies
doneby Frates MC et al in 2005,Papini et al (2@08®) Jason D. lannuccil et al (2004) where
they evaluated the various sonographic charadteyist differentiating benign and malignant

thyroid nodule$? * %!

Various combinations of conventional ultrasoundrabteristics of thyroid nodules have been
described by various authors that are highly suggesf malignancy. These characteristics
show increased specificity at the expense of itssisigity'> * *!This finding was well
demonstrated in the study in which only 9 out of mlignant thyroid nodules were
identified using a sonographic combination of likatalignant characteristics comprising of
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hypoechogenicity, absent peripheral halo, presermfe micro calcifications and

intranodularhypervascularity(table19).

In view of this limitation in conventional ultrasography, our study therefore sought to
evaluate the diagnostic accuracy of elastographerdifferential diagnosis of solid thyroid
nodules and found a sensitivity of 90.9% and spwifof 96.9 %, PPV 70% and NPV
92.6% at 95% confidence using the elastographyrcetmre system. These findings
correlated well with several reviewed studies vgithilar ranges of sensitivity specificity and
diagnostic accuracy by Y. Hong et al (2009), Hadeal (2013), Carmela Asteria et al (2008)
and Hui Wang et al (2013}4%8lFjve false negative cases were identified on edgaphy
color score system that on B-mode showed variedgaphic characteristics with only a
normal vascularity being a common sonographic dtarstic amongst them all on color
Doppler. Four of the false positive results werlidolar neoplasms (Thy3) and one was a
follicular carcinoma. These nodules were soft astelgraphy therefore markedly reducing
its utility. Similar findings have been shown ingies doné*”

Offline strain ratio acquisition on the solid tbyd nodules showed a sensitivity of 88.6%
and specificity of 96.1% in the differential diagim® of solid thyroid nodules. Using the ROC
curve, the best cut off strain ratio was obtaine8.%.

The similar specificity and lower diagnostic acayraf strain ratio compared to that of
elastography score system could be attributedadth higher strain ratio used in the study
compared to the 3.5 obtained as the best cut afarROC curve. This could have attributed
to some of the false negative results seen omeffitrain ratio acquisition.

This study has revealed a good linear relationbleipveen the elastography scores and the
strain ratios obtained when correlated to FNA anstopathology findings (R=0.615,
p=0.037, and R=0.846, p= 0.011 respectively) dedudhat the elastography scores
correlated with the strain ratio findings and FNAhistopathology findings. This supports
the importance and utility of either qualitatived&or quantitative strain elastography and
correlates with similar studies which found no atl@delvantage of strain ratio acquisition

over color mapping™"

This study also went ahead and assessed the nslaijiobetween the elastography and the B-
mode ultrasound findings. It was observed thatraesiahyroid nodule echogenicity was seen
for both high (likely malignant) and low (likely bign) elastography scores. Presence of
microcalcifications was not seen to impact on thestegraphy score obtained, this was

shown by the fact that majority of the nodules 4%4) did not have microcalcifications and
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still produced a high elastography score. All thgroodules with increased vascularity on

color Doppler showed high elastography scoresaridt5 with a p value of 0.017.

No significant conclusion could be drawn from preseof a peripheral halo and high or low

elastography scores.
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6.0 CONCLUSION
The study has shown that although ultrasound ejempby of solid thyroid nodules can be

utilized as an additional tool in screening of nladuhyroid disease with a diagnostic
accuracy of 93.1%:- it still has a 5% chance ofirgjvfalse positive and false negative
findings. This effectively reduces the usefulnetstoain elastography in the evaluation of
thyroid nodular disease. In view of this fine needhspiration (FNA) cytology or

histopathology is required to conclusively deterentine nature of a solid thyroid nodule.

In view of this finding US elastography has no éigdial value for inclusion in the imaging

protocol for thyroid nodular disease

7.0 RECOMMENDATION

Elastography should not be used in isolation endtferential diagnosis of nodular thyroid
disease and should therefore not be implemented &olated routine screening tool routine

in our setting.

Multicentric studies are still recommended to ferthustify its role in thyroid nodular

disease.

Further assessment of elastography findings foeciBpeytopathology and histology findings

is recommended in view of the possible soft coanisy of follicular neoplasms.
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APPENDICES

APPENDIX |

PATIENT INFORMATION DOCUMENT:

ULTRASOUND ELASTOGRAPHY IN THE EVALUATION OF SOLID THYROID
NODULES

This study involves carrying out an ultrasound exeation on the front area of the neck on

an organ called the thyroid gland and thereafteudwenting the results.

Aim of this study is to assess how accurate thenmemration is in identifying suspicious

characteristics in a thyroid mass and thus neegsgjtearly treatment of cancerous masses.

No risk is involved in this examination, as it doest use ionizing radiation and it is

noninvasive.

The examination results will in turn increase tlomfedence level of the primary physician

when making a diagnosis.

Prior to the examination one will be required tewer a few questions, mainly on their bio

data.

The examination is short and relatively painlessnly requires one to extend the neck while
the examiner uses an ultrasound device to exam@entle pressure may be applied in the

course of the examination.

The thyroid ultrasound elastography results walldompared with those from a Fine Needle
Aspiration Cytology or Histology results of the thid swelling under investigation .This is
for better and comprehensive management of theskserhe fine needle aspirate cytology

will be carried out by the pathologist after the#adound examination.

No additional cost will be incurred apart from wilaé primary physician has prescribed in

the management plan.

Confidentiality will be observed within the extaaitowed by the law.
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APPENDIX I

VIDOKEZO MUHIMU KUHUSU UTAFITI WA THYROID

ULTRASOUND.

ULTRASOUND ELASTOGRAPHY KWA KUCHUNGUZA UVIMBE WA  KIUNGO
CHA THYROID.

Utafiti huu wa ultrasound utafanywa kwenye shingiokuangalia kiungo kinacho itwa
‘thyroid gland'.

Utafiti huu utasaidia wauguzi kutafautisha uvimli@aaaina za thyroid. Hii itasaidia kuanza
matibabu mapema kwa uvimbe zenye cancer. Kabla tgfitiuhuu maswali kadhaa

yataulizwa kuhusu ukoo wako.

Picha hii yaultrasoundinachukua muda mfupi, na haina uchungu wowote itokidogo
kutokana na kufinyilia kifaa chaltrasound kwenye shingo. Ultrasound haina madhara

yoyote kwa binadamu.

Matokeo ya picha hii italinganishwa na matokeo yshplogia, ili kuwezesha matibabu
yenye hali ya juu kuhusu uvimbe wa thyroid. Patb@oitafanywa punde tu picha ya

ultrasounditakapo malizwa.

Hakuna malipo juu ya yale uliyoandikwa na daktaai kwanza. Haki zako zitalindwa kamili.
Habari utakayo toa ama ile itakayo patikana kukuhitawekwa siri wakati wote, na

itatumika katika utafiti huu tu.
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APPENDIX I

Patient consent form

My name is Dr. Diana Nyakoe, a postgraduate studerthe department of Diagnostic
Imaging and Radiation Medicine at the UniversityNzirobi. | am carrying out a study on

evaluation of thyroid nodules using ultrasound telgaphy.
All the information concerning this study is thdipat information document provided.

| would like to recruit you in this study. Inforti@n obtained from you will be treated with
confidentiality. Only your hospital number will lsed. Please note that your participation is

voluntary and you have a right to decline or wigvdifrom the study.

For any questions, clarifications, or comments eomag his study, please contact the chief

investigator or the Ethics and Research Commi@eatacts are provided below.

Patient number: Signature:

Date:

| certify that the patient has understood and cateskparticipation in the study.
Dr. Diana K. Nyakoe ( Chief invesigator) 0722 95321

Signature Date

ETHICS AND RESEARCH COMMITTEE.
KNH/UON-ERC
P.O. Box 20723, Nairobi

TELEPHONE NO : (254-020) 2726300 Ext 44355
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APPENDIX IV
Kibali cha kushiriki katika utafiti

Jina langu ni Daktari Diana K. Nyakoe, mwanafunaiika chuo cha udaktari, Chuo Kikuu
cha Nairobi. Ninafanya utafiti kuhusu uvimbe zinpatkana kwa kiungu cha thyroidi

(thyroid gland kwa kiingereza) nikitumsmnoelastography.

Ni muhimu kuelewa ya kwamba ushiriki ni wakujitolesio lazima kushiriki katika utafiti
huu, na pia waweza kubadili nia yako wakati wowktdusu kuendelea kushiriki, bila ya
kuathiri huduma zako za kiafya.

Asante sana kwa ushirikiano wako. Nimekubali kwamilaeelezewa kikamilifu kuhusu

utafiti huu na nakubali kushiriki.

Kwa maswali yoyote kuhusu huu utafiti huu, tafadipadia mtafiti mkuu ama Ethics and

Research committe.

Nambari ya mgonjwa: Sahihi: Tarehe:

Nimekubali kwamba nimeeleza kikamilifu kuhusu uiafhuu na mgonjwa amekubali
kushiriki.

Dr. Diana K. Nyakoe ( Mtafiti Mkuu) 0722 957215

Sahihi: Tarehe:

ETHICS AND RESEARCH COMMITTEE.
KNH/UON-ERC
P.O. Box 20723, Nairobi

TELEPHONE NO: (254-020) 2726300 Ext 44355
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APPENDIX V
QUESTIONNAIRE: DATA COLLECTION FORM Form N

DATE:
DEPARTMENT NUMBER:

Please tick where appropriate.
1. AGE:

18 — 28
29 -39
40 - 50
51-61
62 -72
73-83
>84

Oooooo

2. SEX:

Male ]
Female [ ]

3. NUMBER OF NODULES
1
2
3
>3

O0O00




4. SONOGRAPHIC FINDINGS:
Please tick where appropriate

NB: thyroid nodules seen will betagged in a clockwise manner Al, A2 etc.

Nodule Al A2 A3

Echogenicity

1. Hypoechoic

2. Isoechoic

3. Hyperechoic

Peripheral Halo

1. Present

2. Absent

Microcalcifications

1.Present

2.Absent

Vascularization

1.Type O
(hypovascular)

2.Type 1(peripheral )

3.Type2 (intranodal)

Elastography
Findings

1.Score 1

2.Score 2

3.Score 3

4.Score 4

5. Score 5

Strain Ratio




Fine Needle

Aspirate

1.Benign disease

2.Malignant disease

Histopathology
Report

1.Benign

2.Malignant

3.Not applicable

N.B
ELASTOGRAPHY FINDINGS
Using the indicated elastography scale, please tick the appropriate score.

Thank you for your participation.

The elasticity score is color based as follows:

SCORE 1 - The nodule evenly displays green. (Rergand blue)

SCORE 2 - The nodule displays all three colors @mwogattern) i.e. red green and blue.
SCORE 3 - the nodule displays green at the penyplvih a blue center.

SCORE 4 -The nodule displays predominantly bluesamtbunding tissue green and red.
SCORE 5 - The nodule and surrounding tissue idadisg completely in blue.
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APPENDIX VI

Characteristics of patients with thyroid nodules atKNH

Characteristic

Number (n)

Percent (%)

Age

18-28
29-39
40-50
51-61
62-72
73-83
>84

— " " "

Sex
Male
Female

Thyroid nodules
1

2

3

>3

A~ A~~~

— " "

Sonographic character

istics of thyroid nodules in gtients at KNH

Nodule characteristic | Number (n) Percent (%)
Echogenicity

Hypoechoic ( )
Isoechoic ( )
Hyperechoic ( )
Peripheral halo ( )
Vascularisation ( )
Site

Al ( )
A2 ( )
A3 ( )
Malignancy

Histopathology ( )
Fine needle aspiration ( )
Elastography finding

Score 1 ( )
Score 2 ( )
Score 3 ( )
Score 4 ( )
Score 5 ( )
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Predictive value of elastographic scores for cytolfy/ histopathology

Histopathology/ Cytology

PART A

Malignant (n)

Benign (n)

Strain ratio

<cut-off value

>= cut-off value

Part B

Strain ratio performance Percent (%) 95% Cl
(>=cut-off value)

Sensitivity -
Specificity ( -
Positive predictive value ( - )
Negative predictive value ( - )
PART C

Area under ROC Area (%) 95% Cl

Cut-off valuel ( -
Cut-off value2 ( -
Cut-off value3 ( -
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APPENDIX VII:
Thyroid cytopathology was reported using Bethesdaystem, which is a universally
accepted system of reporting thyroid FNA results. fiese include:

Thy 1- non diagnostic for cytological diagnosissatisfactory
Thy2 — Non neoplastic / benign: including hyperptasodules, colloid nodules

Thy 3 — Neoplasm possible: majority of lesionshis ttategory are follicular neoplasms. It is
whereby the exact nature of the lesions cannoebermiined solely by FNA cytology.

Thy 4 —Suspicious for malignancy, but they dondwla confident diagnosis of malignancy.

Upto 75% turn out malignant.

Thy 5 — Malignant
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APPENDIX VIII

BUDGET
UNIT PRICE | TOTAL

ITEM QUANTITY | (Kshs) (Kshs)
WRITING PENS 1 BOX 200 200
NOTEBOOKS 5 PIECES 100 500
FILES 8 PIECES 100 800
PRINTING PAPER 5 RIMS 500 2500
CARTRIDGE 1PC 6000 6000
INTERNET SURFING 4GB DATA | 4000 4000
FLASH DISCS 2 PCS 1000 2000
PRINTING DRAFTS AND FINAL

PROPOSAL 10 COPIES | 500 5000
PHOTOCOPIES OF QUESTIONNAIRES | 100 COPIES 10 1000
PHOTOCOPIES OF FINAL PROPOSAL | 6 COPIES| 100 600
BINDING COPIES OF PROPOSAL 6 COPIES | 60 360
ETHICAL REVIEW FEE 1 2000 2000
SUBTOTAL 24960
PERSONNEL

BIOSTATISTICIAN 1 20000 20000
SUBTOTAL 20000
DATA  COLLECTION, DATA ANALYSIS AND THESIS
DEVELOPMENT

PRINTING OF THESIS DRAFTS 10 COPIES| 1000 10000
PRINTING FINAL THESIS 6 COPIES | 1000 6000
BINDING OF THESIS 6 COPIES | 300 1800
DISSEMINATION COST 10000
SUBTOTAL 27800
CONTINGENCY (10% OF TOTAL

BUDGET) 7276
GRAND TOTAL 80036
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APPENDIX IX:

TIMETABLE.
Activity Action by Period
Oct Jan Feb | Mar | Apr May | Jun Jul Aug | Sep | Oct Nov | Dec | Jan Feb
13 14 14 14 14 14 14 14 14 14 14 14 14 15 15
Writing Research Student
Proposal
Revising and| Student &
Finalizing Supervisor
Proposal
Ethical Approval KNH-ERC
Data Collection Student
R. Assistant
Data Checks and Student
Cleaning
Data Analysis and Student
Interpretation Biostatistic-ian
Writing up Student
Supervisor
Dissertation Student

submission
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APPENDIX X: KNH/UON-ERC APPROVAL LETTER

G e
v >
Qv e S

. KENYATTA NATIONAL HOSPITAL
COLLEGE OF HEALTH SCIENCES P O BOX 20723 Code 00202 |

P O BOX 19676 Code 00202 KNH/UON-ERC Tel: 726300-9 L
Telegrams: varsity Email; uonknh_erc@uoniiac.ke Fax: 725272 {
{254-020) 27263006 Exv 44355 VYebaite: www.nonbiacke Telegrams: MEDSUP, Nairobi |

Link:www.nonbi.ac.ke/activitics/KNHUo0N |
Ref: KNH-ERC/RR/623 21t August 2014

Dr. Diana K. Nyakoe
Dept.of Diagnostic Imaging &Rad.Medicine
School of Medicine

University of Nairobi
Dear Dr. Nyakoe

Research proposal: Ultrasound Elastography in the Evaluation of Solid Thryoidnodules
{P458/07/2014)

This is to acknowledge recsipt of your research proposal and inform you that upon review the
KNH/UoN-ERC made the following observations and suggestions:

Take note of the numerous typographical and grammatical errors throughout the text.
in abstract define study variables and statistical analysis fo be used.
Sample size of 84 does not seem to take into consideration your exclusion criteria number 4 and 5.
Ethical issues
a} Provide an itemized consent information document separately from the consent form. This
must be concise and yet comprzhensive, clearly highlighting the benefits and risks
entailed in participation. Who shall pay for the multiple repeat investigations that may be
indicated? A Kiswahili franslation of this information is mandatory.
b} Tone down language of consent to level of average Kenyan.
¢} State fate of all collected raw data at conclusion of study.
d) Consent does not advise participants firstly a needle aspirate (or biopsy) will be taken and
secondly that sonography and histological results will be compared.
e) Include telephone number for ERC.
5. Data analysis )
o Cleary state statistical methods io be used in this study. There is more detail within text
than in 6.8.2.
s Include dummy tables of results,
6. References
i.  Thore are a significant number of incomplete references.
ii.  Two references in this section do not appear in the text.
ii.  Maintain consistency in the foliowing use of ‘et all, position of placement for year
publication, use of first names as opposed to initials.
iv. Remove 'MD’ from references.

BN

Protect to discover
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Recommendation
Revise and resubmit three(3)copies of the proposal within a period of eight{8)weeks time with
effect from the date of this letter for further processing.

Yours sincergly .
e -

PROF M. CHI
SECRETARY , KNHIUON-ERC

c.C. The Principal, College of Health Sciences, UoN
The Deputy Director, CS, KNH
The Chair, KNH/UoN-ERC
The Dean, School of Medicine, UoN
The Chairman, Dept. of Dignostic Imaging & Rad. Medicine UoN
Supervisors: Prof. Joseph M. Kitonyi, Dr.Gladys Mwango

Prote:t to discover
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