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Abstract
Background To evaluate the diagnostic performance of elastography in the differentiating the malignancy from thyroid nodule.
Methods The literature published in English or Chinese prior to December 2019 which diagnosed by elastography in thyroid
nodules were reviewed and summarized. According the inclusion and exclusion criteria, the elegant theses were reserved.
Quality of each study was evaluated by the qu ality a ssessment of d iagnostic a ccuracy s tudies tool (QUADAS).
Comprehensive Meta-Analysis Version 2.0 was used to describe primary results and explore homogeneity. Publication bias
analysis was evaluated by Review Manager 5.3. Meta-Disc version 1.4 was applied to explore threshold effect, and pool
sensitivity and specificity. A Summary ROC curve was constructed to calculate the area under the curve. Results As the
heterogeneity was mild, we performance on random effect model. The publication bias was negligible. The elastography
showed high accuracy in the diagnosis of malignant. The pooled sensitivity and specificity with corresponding 95% confidence
interval were 0.80 (0.78, 0.82) and 0.80 (0.79, 0.81) respectively. AUC of sROC was 0.9087. Sensitivity analysis demonstrated
that the pooled estimates were stable and reliable. Conclusions The elastography has obvious sensitivity and specificity in
differentiate malignant from the thyroid nodule. Several different types of elastography could achieve the same aim, but the
cut-off value is associate with the purpose of the screen program and the subtypes of the technique.

Introduction/background
Thyroid nodules are the most common clinical symptoms. They are the part of thyroid tissues which are abnormal in structural
and/or functional，include cysts, inflammatory nodules, tumor nodules, hyperplasia nodules. Thyroid nodules could divide into
non-cancerous (benign) and cancerous (malignant). Thyroid nodules are multifactorial diseases, which are effect by the
complex of the contributing genes and environmental factors. It is very difficult to proceed etiological diagnosis.
In the recent decades, the morbidity rate of thyroid nodules is increasing rapidly due to both the explosive growth in the
morbidity of thyroid neoplasm and the development of diagnostic technique. In clinic, only about 4% to 8% of all with thyroid
nodules could detect by palpation, while 41% by ultrasonography, what is more, 56% to 67% by autopsy [1] . Physicians detect
thyroid nodules by palpation occasionally. While palpation is subjective index, it may be involving in basis inevitably. Although
thyroid nodules are extremely common, thyroid carcinomas are relatively rare. Only 5% to 15% of thyroid nodules could lead to
regional and distant metastases and even death[2]. It is essential to identify the malignant nodules in order to establish an
individual therapeutic strategy for each patient. The thyroid nodules could be detected by their imaging modalities (CT, MRI and
US), but they could not accurately differentiate malignant and benign. FNA/FNB biopsy, an invasive and expensive method, are
only applied to the suspected nodules[3].
Elastography, a subtype of ultrasound, is available to evaluate the stiffness of soft tissues and give diagnostic information
about the presence or status of disease[4]. Elastography, as an objective index, is superior to palpation in sensitivity and
specificity. Non-palpable nodules would barely detected by FNA/FNB，but it is more easily for elasticity. Furthermore,
elastography can provide additional data, include the invasion and metastasis of thyroid cancer, which may influence the
treatment procedures essentially.
The recent studies give conflicted result about the diagnostic performance of elastography in the malignant thyroid nodules [57].

The physician may be hesitated about whether the elastography should be the preferred strategy or not. We intend to perform
a systematic review and meta-analysis, try to give an objective evaluation to the diagnostic performance of elastography in the
differentiation performance of thyroid nodules

Methods
Types of studies
All types of diagnostic validation studies which aimed to evaluate the elastography as a diagnosis performance in screening
the malignant lesion from thyroid nodules were considered. Reviews, letters, conference proceedings, cases report and personal
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opinions were also considered in order to compare their bibliographic references with the results of our literature search.
Search strategy
Abstracts of records were retrieved by the digital and manual searches. The papers were screened by two reviewers
independently, which included one experiencer in thyroid diseases (Dr. Kun Yan) and a non-professional staff (Dr. Wei Cheng).
Full text of potentially relevant articles was obtained and independently assessed by above reviewers. Final selection was
always based on the full text of the publications. Disagreement between reviewers was resolved by discussion. The database
of computer-aided literature search is PubMed, Embase, the Cochrane Library, and China biomedical literature service system
(SinoMed) prior to December 2019. The search was performed by using terms “elastography” and “thyroid nodule” for clinical
diagnosis trial.
Selection of articles
Inclusion criteria for the main analysis were follows: (1) Clinical diagnosis trials. (2) Adult patients with thyroid nodules. (3)
Confirm pathological diagnosis as golden standardization. (4) Each study should cover several pathology types. (5) The case
of each paper should not less than 30. (6) Sufficient information could be extracted. To avoid duplicate publication for data
collection from the same group of patients, only the most details or recent series were included in our analysis.
Articles were selected according to the road map (Figure 1) of diagnostic systematic reviews and guidelines. Firsts, articles were
excluded according to criteria. After the titles and abstracts of were searched and the duplications were removed, we recorded
the final studies included in the meta-analysis.
Quality assessment and Date Extraction
The original data were exacted and filled into the same standardized from each article by two observers (Kun Yan and Wei
Cheng) independently. To resolve disagreement between reviewers, a blind and neutral third reviewer (Yanni Chen) assessed all
involved items. The quality assessment of diagnostic studies (QUADAS), an international quality assessment system, was
performed to assess the quality of included studies [Dietrich, 2017 #50]. This method consists of 14 items (Figure 2). Each item was
assessed by the scores as “low (no),”“high (yes)” and“unclear”. The phrased to the answer “high (yes)”indicates low risk of bias
and vice versa. The general information was extracted from each study. Accurate data was extracted to construct 2 × 2 table[8].
Homogeneity test
The heterogeneity generally attributed to the actual difference among studies, which must be explained and removed in metaanalysis. The Cochrane Q and inconsistency index (I2) were used to estimate the heterogeneity of individual studies. P <
0.05(Cochrane Q) suggests presence of heterogeneity could not explain by chance. I2 describes the percentage of total variation
across studies. I2 (<50%) shows that homogeneity could be applicated to meta-analysis[9].
Threshold effect
Representation of accuracy estimates from each study in a receiver operating characteristic (ROC) space and computation of
Spearman correlation coefficient between the log (Sen) and log(1-Spe) were assessed for threshold effect.
Different threshold effects may be result in false-positive due to lack of standardization[10] Differential threshold value maybe
cause by the different in sensitivities and specificities of every studies. A typical pattern of “shoulder arm” plot in a receiver
operating characteristic (ROC) space show a strong positive spearman correlation between the log(Sen) and log(1-Spe), which
suggest the significant result[11, 12].
Publication bias
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Studies with optimistic results are more likely to be accepted for publication than the unfavorable results. Since publication
bias may cause an inaccurate threshold value, which would exaggerate clinical effects and result in potentially erroneous
decision. So it is important to assess the extent of the bias and the potential impact on the conclusions[13]. In the literature on
publication bias, the funnel plot is always regarded as a tool to detect the bias. In the absence of publication bias, the data
points form a symmetric funnel-shaped distribution, whereas an asymmetric distribution indicates the presence of publication
bias [14]. Publication bias also could detect by fail-safe N (NFS) quantitatively. NFS refers to the exact number of hypothetical
studies with null results that would be required to nullify the statistical significance of combined effect [15]. A small NFS should
be more concern. However, if NFS is large, it is confident to the combined effect.
Statistical pooled effect
The studies which are reasonably homogeneous could the apply to estimate the statistical pooled effect [16]. The estimates of
the meta-analysis have two distinct types, the fixed effect model (FEM) and the random effect model (REM)[17]. The fixed effect
model requires every theses come from the same distribution. While in the random effect model the heterogeneity could be
involved. It means that all trials do not come from the same distribution. It always suggested that the outlier trials should be
found and analyzed. Once it is detected the heterogeneity, the random effect model is recommended [18]. The reasons are as
follow (a) The results of two models are same when heterogeneity is absent. (b) The results of the random models are more
conservative and credible. (c) Measurement in biology has an intrinsic heterogeneity because of variability between the
individuals. The variability can best be represented by a random effect model. For the reasons above, the results of systematic
review are more credible，when the random effects model is adopted.
The heterogeneity can be evaluated from the forest plots. If heterogeneity only due to threshold effect, the accuracy of
statistical pooled effect could be described by a summary receiver operator characteristic (sROC) curve and it could be
quantified by the area under the curve (AUC). A sROC curve summarizes and combines the true and false positive rates from
different diagnostic studies. The overall performance of diagnostic studies can be visualized and reflected without affected by
every cut-off value [19]. The best diagnostic procedure should yield a point in the upper left corner or coordinate (0, 1) of the
sROC space, representing 100% sensitivity (no false negatives) and 100% specificity (no false positives) at the individual
subject level. Similarly, AUC ranges from 1 for a perfect test which means all diagnoses are correct to 0 for a test which is
invalid. If there is heterogeneity due to sources other than threshold effect, pooling outcome could only be accepted within
homogeneous [20].
Sensitivity analysis
The pooled estimates were reappraised when suspicious studies were excluded, and the reappraised results were compared
with the original results to assess stability and reliability of original meta-analysis.
Statistical analysis
The homogeneity test, threshold effect analysis, pooled weighted sensitivity and specificity, sROC curve and sensitivity
analyses were performed by using Meta-Disc version 1.4. Publication bias analysis was performed by using Review Manager
5.3 and Comprehensive Meta-Analysis Version 2.0.
The sensitivity, specificity, and diagnostic odds ratio (OR) with corresponding 95% confidence intervals (CI) were calculated for
each study. Meanwhile, the pooled sensitivity, specificity and diagnosis OR were also calculated for each group. The diagnostic
OR expresses the ratio of the malignant to the negative nodules [19].
We further performed sensitivity analysis to explore the reasons of heterogeneity and examined characteristics of included
studies. To summarize these results, we constructed a summary receiver operator characteristic (sROC) curve. Q-values were
calculated from the sROC curves. Meanwhile, the area under sROC curve (AUC) was also calculated to show the probability of
the correctly ranked diagnostic test values for a pair of diseased and negative subjects[21].
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Results
Characteristics of included studies
The literature search was performed as described, and 2257 potentially relevant theses were identified. After reading the titles
and abstracts, we kept 27 eligible articles. Then intensive reading the full texts, there are 16 articles met our inclusion criteria.
The relevant literatures were excluded for the following reasons: The objective of studies was not explore the diagnostic
performance of elastography on thyroid lesions (n=5); suspicious cases could not confirm or exclude by the pathological
diagnosis (n=3); Researchers did not report the data which could be used to get TP, FP, TN, and FN (n=2). Elastography was not
regarded an major method (n=1). Multiple subsets of data in one study were included because: The two methods of
elastography were used to perform on thyroid nodules in Azizi G [22]. Elastography scores of Rago were classified on a scale of
1 to 5，the nodules with Rago scores of 4 to 5 were diagnosis as malignancy[23]. Asteria scores were range from1 to 4. Nodules
with Asteria scores of 3 to 4 were diagnosis malignancy[24]. There were at least three different elastography score systems in
clinic [25-27]. The Max values ranged from 3 to 7. The thresholds values of differentiating malignant lesions ranged from 3 to 5,
while the sensitivity ranged from 15.7% to 100%; and specificity from 60.8% to 97.3%. Detailed characteristics and data of each
included study are presented in Tables 1.
All the conditions and methods of the included studies, as shown in Figure 2, were used for different quality assessment of
diagnostic accuracy. Each included study was strictly evaluated according to the QUADAS criteria [28], as shown in attached
Table 1.
Meta-analysis
The pooled outcome is shown in Figure 3. All 16 studies involving 4582 patients were identified. The total incidence of
malignant thyroid nodule(s) was 33.22% (1706 of 5135 nodules) in the suspicious thyroid(s) group. The incidence of general
group was from 3.6 to 30.8%[29-31].
The forest plots of sensitivities and specificities with a 95% CI from 16 studies are shown in Figure 3a. A homogeneity test of
the Diagnostic Odds Ratio (DOR) shows Q= 158.21 (P=0.000), I2= 90.5%. None of significant heterogeneities is detected. And
Sensitivity and Specificity shows Q = 787.81 (P= 0.0000), I2= 98.1%, and Q = 321.00 (P=0.0000), I2= 95.3%, respectively. The
heterogeneities are also rejected [32] as be show in Figure 3b & 3c. We adopt the random effect model, and the meta-regression
is followed to analyses the possible of heterogeneities. Next a sROC space was draw to explore the threshold effect of
sensitivity against 1-specificity. The pattern of the points in this plot is not a“shoulder-arm” shape (Figure 4). A Spearman
correlation is performed as a further test about threshold effect. The Spearman correlation coefficient was equal to 0.009(P=
0.974) and indicates that there is no threshold effect resulting in variations in accuracy estimates among individual studies.
The expressed as AUC of sROC curve is 0.9087 (Figure 4).
Analysis of Heterogeneity and Sensitivity
In a meta-analysis of diagnostic test, heterogeneity is an important index of the accuracy diagnosis. And it also estimates the
appropriateness of statistical pooling of results from various studies [33]. The heterogeneities are brought by several factors,
such as the cut-off value, assay method, and the distribution of patients and so on.
In fact, heterogeneity may not be entirely avoided in meta-analysis, so it is necessary for us to explore the reason and extent of
heterogeneity. Generally, one of the most important sources of heterogeneity is the threshold effect in a diagnostic study. So, we
explored the threshold effect firstly, which was evaluated the Spearman correlation coefficient by inverse variance. We found
that there was no statistically significant difference (Spearman’s correlation coefficient = 0.009, P= 0.974). The source of
heterogeneity was explored by Meta regression analysis. The results show that cut-off value (score≥4) is the significant factor
RDOR (relative diagnostic odds ratio) =13.21, Q-value =0.0863, while the effects of the age (RDOR =0.32, Q-value =0.493), assay
method (RDOR = 0.09, Q-value =0.1505), and QUADAS (RDOR = 1.32, Q-value =0.7052) are negligible. The sensitivity analysis
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was also performed to identify further analysis of these sources. It could convince the elastography as a popular screen
method in thyroid nodule from our results.
The analysis of the heterogeneity, sensitivity, specificity, and AUC are unchanged, when suspicious literature Ugur Unluturk [34]
and Franco Uliaque C [35] were excluded respectively due to the seemingly differential sensitivity and specificity from others.
The pooled sensitivity and specificity is similar, and the corresponding 95% CIs are predominantly overlapped with each other.
The homogeneity is not reversed. The results of sensitivity analysis demonstrate that the pooled estimates are stable and
reliable.
Publication Bias
The funnel plot in Figure 5 shows that the studies are distributed symmetrically about the combined effect size. There is none
of publication bias. The NFS is 260. This means that it would at least include 260 ‘null’ studies to exceed the above result.

Discussion
Thyroid nodules are the most common symptoms of malignant thyroid lesion with certain mortality. Recently, the incidence of
the diseases increases about 19 times [37], but the mortality does not change significantly. So, it is urgent to explore an efficient,
repeatable screening method to reduce the over medical surgery.
Thus, efficient screening procedure is vital to improve detection rate and reduce the unfavorable prognosis. Due to the clinical
signs are subtle and nonspecific, and the serum marker are always unreliable [36]. Patients are always recommended to take
imaging procedures in screening thyroids nodules [37], such as ultrasonography (US), computerized tomography (CT), magnetic
resonance imaging (MRI).
It is a major challenge for clinicians, pathologists and radiologists how to screen the thyroid nodules efficiently. However, any
single procedure looks like insufficiently to cover all kind of thyroid nodules [38, 39]. Therefore, it is necessary to evaluate the
reliable screening procedures. Here, we give a review about the related procedures to screen thyroid nodules.
There are several diagnosis techniques once been used to screen thyroid nodules and detected the malignant lesion. The
programs of screening malignant lesion from the thyroid nodule include physical examination, biochemical test, imaging
methods, cytological examination and histological examination. Physician usually inspects nodules and regional lymph nodes
by palpation. The biochemical tests could detected biomarker of cancer within serum[40]. They include Calcitonin, neuronspecific enclose, and thyroglobulin. Imaging methods includes radio nuclide scanning, CT and MRI, but it is difficult to
distinguish by a mere anatomical image, morphologic and their functional characterization.
It well know that the histopathological diagnosis is the gold standard [41], but the accurate diagnosis of malignant thyroid
nodules requires the surgery operation and sufficient specimens. Cytological diagnosis is mini-invasive procedure, which is
inferior to the histopathology in the accuracy. Recently, guidelines for fine-needle aspiration (FNA) and fine-needle biopsy (FNB)
have been published [42], but the invasive and the rates of false-positive or false-negative results remain the headache
challenges. Unfortunately, up to two-thirds cytology suspected cases may be misdiagnosed and result in unnecessary the
operation, especially for the follicular cancer [43]. In clinic, only 5% of thyroid nodule cytological biopsies detected by FNA/FNB
were confirmed malignant finally, while a large multi-center Cohort study conducted that about more than 10% benign nodules
confirmed by FNA/FNB are proved malignant after operation [44]. It is suggested that the half of the malignant and the
suspected diagnosed by cytology have to be following up. That will be a long-term heavy burden on the patient. The practitioner
would face a dilemma to the suspected cases whether surgically resection should be taken [45]. The majority postoperative date
suggested most of lesions were in the early stages. The conservative strategy to the suspected nodules is the enormous
specimens and invasive repeatedly. Furthermore, many factors can affect adequacy about FNA/FNB such as the experience of
the aspirator, procedural variations, and lesion characteristics, specimen preparation, and needles gauge size，and so on.
Therefore, the effects of FNA/FNB are inferior to ultrasonography, especially to elastography.
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Ultrasonography is a noninvasive, painless, repeatable, without a risk of hemorrhage or infection technique which could cover
the regional lymph node and thyroid lesion simultaneously[46]. Conventional ultrasonography is always regard as basic
checkup, which consider hypoechogenicity, blurred margins, microcalcifications, neovascularization as malignancy. But neither
single one nor combination of the above criteria has sufficient sensitivity and specificity to detected malignant lesions.
Elastography is a subtype of ultrasonography, which evaluates the stiffness-deformability index. It is more objectively than the
palpation [47]. Recent studies show that the malignant lesions tend to be more vascularized and 3 times stiffer than the
surrounding tissues, while benign nodules are less than 1.7 times stiffer than normal tissue[48]. There are several prominent
elastography technologies involve in thyroid nodules evaluation [49], include Quasistatic Elastography (Strain Imaging),
Acoustic Radiation Force Impulse imaging (ARFI), Shear Wave Elasticity Imaging (SWEI), Supersonic Shear Imaging (SSI),
Transient Elastography, and so on. The elastography scores which display the qualitative or quantitative outcome compared
with background tissues. Our review reveals that elastography is an efficient preoperative screening technology which could
reduce unnecessary invasive biopsies on benign thyroid nodules [50]. Elastography could also be as a triage procedure and
navigation of surgery including the FNA/FNB. It could also follow up suspect malignant nodules. Furthermore, elastogarphy
could give more information to individualizing strategy for the thyroid nodules that will require surgery [Deeks, #16].
Elastography is a medical imaging technique which is used for the investigation of many diseases, especially in subcutaneous
lesions. It can get not only a mere anatomical image, but also additional diagnostic information superimposed on the image. It
can also be used to guide biopsies and even replace them entirely. With development and widespread of elsstography, more
and more suspicious cases can benefit from it. There are numerous ultrasound elastographic techniques, since they applied in
clinical. But only certain types of elastography are suitable for thyroid nodules screening. The current meta-analysis shows that
several elastographic techniques are valuable and stable in screening the thyroid nodules. Elastography is prominent for
completely noninvasive, painless, presenting no risk of hemorrhage and infection.
The ideal treatment procedure should have more efficient, more economic and less side effect[51], whereas it is should be based
on the accurate diagnosis. The normal thyroid nodules does not need special treatment, except following-up regularly [52]. While
the therapeutic strategy to malignant lesion is significant differences [53]. Traditional thyroidectomy was recommended for
patients with malignant or highly risk thyroid nodules as basic treatment [54]. But such strategy would perhaps lead to trauma
for the patients without malignant lesions. Although the thyroidectomy is the most common surgical procedures to thyroid
nodules, the complications incidence varies widely in the literature, include recurrent laryngeal nerve injury, hypoparathyroidism,
aggressive and metastasis. Increased complications associated with the dimensions of thyroidectomy, extensive malignancy,
and repeat surgery. Among all methods which devote to reduce the complications, the early accurate diagnosis is more
effectively.
The technique of elastography was developing, the cut-off values and equipment are different in different institutions. So, there
are numbers of differences in the procedure and facility involved into the study. Despite these, the quality and reliability of our
meta-analysis was faithful according to the QUADAS.
Although all of include studies showed a high prevalence of malignant lesions deemed to be stiff, there was some crossover
value between the elastography mean values of malignant and benign lesions, resulting in it difficult to determine the
recommended cut-off values to screen thyroid nodules. The variance of cut-off values might be influenced by different screen
procedure, patient selection, pathological characteristic of lesions and measurement of elastography values[55].
In conclusion, on the base of our systematic review, elastography on thyroid nodules is a noninvasive technique with a high
sensitivity and a good specificity to detected malignant thyroid lesions. As the anatomical characteristics of the thyroid and the
frequency of nodular pathology make it is perfect technique. Because the cut-off value should be determined according to the
purpose of the screen program, the popular screening cut-off value for malignant would be based on many factors.

Conclusions
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The elastography has obvious specificity and sensitivity in differentiate malignancy from the thyroid nodules. Several different
types of elastography could achieve the same aim, but the cut-off value is associate with the purpose of the screen program
and the subtypes of the technique.
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Follow chart illustrating the selection process

Figure 2
QUADAS graphic. Analysis of study quality considering the Quality assessment of studies of diagnostic performance included
in systematic reviews (QUADAS) checklist.
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Figure 3
Forest polts of Disgnostic OR, sensitivity and specificity, with corresponding 95% CIs from all eligible studies. a Disgnostic OR b
Sensitivity c specificity
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Figure 4
SROC curve for eligible studies.

Figure 5
Funnel plot of eligible studies.
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