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ORIGINAL ARTICLE

Surgical indications for thyroid nodules

Nicolas Guevara, Laurent Castillo, José Santini.

Otorhinolaryngology - Head and Neck Surgery Department - Pasteur Teaching Hospital - Nice - France.

ABSTRACT

Study objective: Thyroid nodules are so common as to constitute a public health problem. The abundant litera-
ture on their diagnostic management reflects the absence of a consensus. Fine-needle aspiration biopsy (FNAB)
is the gold-standard diagnostic investigation. The objective of this study was to evaluate thyroid nodule manage-
ment in our department according to the rules of evidence-based medicine.

Material and methods: We retrospectively reviewed the medical charts of 398 patients managed at our depart-
ment for thyroid nodules over a 3-year period. Diagnostic performance characteristics were computed for physi-
cal findings, radionuclide scanning, high-resolution ultrasonography (HRUS), and HRUS-guided FNAB, using
surgical specimen histology as the reference. Results: Age older than 70 years; a hard nodule upon palpation; and
presence of cervical lymphadenopathy were significantly associated with a diagnosis of cancer.
Hypoechogenicity and microcalcifications by HRUS and malignant or suspicious cells by FNAB significantly
predicted cancer. Likelihood ratios were similar for FNAB and HRUS. Radionuclide scanning failed to assist in
the diagnosis of cancer. Conclusion: High-resolution ultrasonography and high-resolution ultrasonography guid-
ed fine-needle aspiration biopsy are the best diagnostic tools for differentiating benign nodules from suspicious
or malignant nodules. (Fr ORL - 2005 ;86 :1-9)
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Surgical indications for thyroid nodules.

INTRODUCTION

The management of thyroid nodules has changed
considerably in recent years. Before the 1980s, the
diagnostic strategy was fairly straightforward. Only
palpable nodules were investigated, and radionuclide
scanning was used to distinguish hot nodules at low
risk of malignancy from cold nodules, which includ-
ed most malignancies. All palpable cold nodules
were removed surgically; only 10% were found to be
benign upon histology.

Over the last 25 years, the development of high-res-
olution ultrasonography (HRUS) and fine-needle
aspiration biopsy (FNAB) has provided surgeons
with valuable guidance. However, these investiga-
tions have been used either selectively on the basis of
rational criteria or, more often, according to a school
of thought. As a result, a number of complex diag-
nostic strategies have emerged, and the best strategy
is not agreed on. The combined use of several diag-
nostic investigations has resulted in a substantial cost
burden. Furthermore, the widespread use of HRUS as
a noninvasive diagnostic tool has led to the diagnosis
of nonpalpable thyroid nodules [1-2], which prompt
further investigations, generating additional costs
and causing psychological stress in patients who usu-
ally require no treatment [3].

A rational strategy for managing thyroid nodules is
needed to distinguish common benign conditions
from malignancy in a highly reliable and cost-effec-
tive manner. To this end, a number of guidelines have
been developed using the principles of evidence-
based medicine.

Evidence-based medicine consists in using the best
current evidence to make preventive, diagnostic,
and/or therapeutic decisions about the individual
patient. This approach was developed in the 1980s by
researchers at McMaster University in Hamilton,
Canada,[4] who were working on a new teaching
strategy based on self-learning by small groups of
students closely supervised by a senior tutor, clinical
problem-solving as the main focus of training, and
use of the best current evidence to guide decisions. In
a 1992 article in JAMA [5], evidence-based
medicine is described not only as a new teaching
approach, but also as a tool for improving the quali-
ty of clinical practice. Sackett DL et al. defined evi-
dence-based medicine as the “conscientious, explic-
it, and judicious use of current best evidence in mak-
ing decisions about the care of individual
patients”[6].

In the field of diagnostic management, evidence-
based medicine involves an evaluation of diagnostic
investigations based on measures that are directly rel-
evant to everyday clinical practice, such as pretest
probability, posttest probability, and likelihood ratio.
The results of this evaluation help clinicians to select
the investigations best suited to each individual
patient.

The objective of this study was to evaluate the man-
agement of thyroid nodules in our department, using
the principles of evidence-based medicine. More
specifically, we evaluated the performance of diag-
nostic investigations in determining which patients
with asymptomatic thyroid nodules required surgery.

MATERIAL AND METHODS

We retrospectively assessed surgical decisions in 398
consecutive patients treated surgically for thyroid nod-
ules between January 1, 2000, and December 31,
2002, at the Otorhinolaryngology -- Head and Neck
Surgery Department, Pasteur Teaching Hospital, Nice,
France.
All surgical decisions were made by the same clini-
cian. Diagnostic investigations were ordered by hospi-
tal-based or office-based physicians. HRUS of the thy-
roid gland was obtained routinely, whereas FNAB was
not. When performed, FNAB was done under ultra-
sound guidance, and each nodule larger than 1 cm in
diameter was aspirated three times.
We excluded patients who underwent thyroid proce-
dures during surgery for hyperparathyroidism and
those who required thyroidectomy for Graves’ disease.
We divided the patients into three categories based
on the reason for surgery: mechanical complications
(compression of the aerodigestive tract), hyperthy-
roidism (with any pattern of thyroid lesions from
solitary nodule to multinodular goiter), and suspect-
ed cancer (potentially malignant nodule).
In this last category, which formed the basis for the
present study, most of the patients were free of symp-
toms but required an evaluation of the risk of cancer
within the nodule or nodules.
We used a standardized diagnostic strategy, differen-
tiating cases where surgery was mandatory from
those where the surgeon or patient deemed that
surgery was preferable over other options.
« Surgery was considered mandatory in patients
with any of the following:

- Serum thyrocalcitonin level greater than
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10 ng/L, indicating a high risk of medullary
thyroid carcinoma or C-cell hyperplasia;
- Malignant or suspicious cells by FNAB;
- A hard nodule to palpation; or a suspicious
cervical lymphadenopathy indicating a high
risk of cancer.
o Surgery was deemed preferable over other
options, either by the surgeon or by the patients in a
number of patients who did not meet the above-list-
ed criteria.
- The surgeon based this preference on the
presence of several factors associated with a
high risk of cancer: age younger than 25 years,
male gender, immunodeficiency, history of
neck irradiation, family history of thyroid car-
cinoma, nodule larger than 3 c¢cm, and ultra-
sound showing a solid hypoechoic nodule with
uneven contours and microcalcifications (for
instance, surgery would be preferred in a man
with immunodeficiency and a solid hypoechoic
nodule larger than 20 mm in diameter).
- Patients based their preference on their per-
sonal opinion that surgery was better than mon-
itoring with repeat FNAB; during a private
interview with the surgeon, these patients were
fully informed of the advantages and draw-
backs of surgery.

We collected detailed descriptive data on the clinical
features, laboratory test results, HRUS and FNAB
findings, radionuclide scan images, and histology of
thyroid nodules treated surgically. We then compared
the findings from diagnostic investigations in
patients with and without malignant disease as
assessed histologically, and we looked for factors
significantly associated with malignancy.

Statistics

Associations between histologically documented
cancer and each of the qualitative variables (gender,
history, clinical features, HRUS findings, FNAB
findings, and radionuclide scan findings) were eval-
uated using the chi-square independence test, or the
Fisher exact test when the qualitative variable was
dichotomous and at least one of the sample sizes was
smaller than 5.

Student’s test for unpaired data was used to evaluate
associations between histologically documented can-
cer and quantitative variables (age and nodule size by
HRUS).
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To assess associations between each HRUS finding
and histologically documented cancer, we used
logistic regression, in which the independent variable
was presence of cancer and the dependent variables
were HRUS findings. Variables yielding P values
smaller than 0.02 in the univariate analysis were
entered into a multivariate model. Crude and adjust-
ed odds ratios (ORs) were computed, with their 95%
confidence intervals (95 % CIs), and Wald’s test was
used to look for significant associations.

The alpha risk was set at 5 %. All tests were two-
sided. Statistical tests were run using the SAS soft-
ware package (SAS Institute Inc. 1996. SAS/Stat
Software: Changes and enhancement through release
6.11. Carry, NC, USA).

RESULTS
Descriptive data

During the 3-year period from 2000 to 2002,
398 patients underwent surgery for thyroid nodules
at our department. The female-to-male ratio was
3.1/1 (301 women and 97 men) and the age range
was 17 to 83 years (mean, 51.8+13.8 years).
Histological examination of the operative specimens
found at least one malignant lesion in 68
(17.1%) patients, 50 women and 18 men (ratio
2.8/1).

The reason for surgery was presence of mechanical
complications in 53 (13.3%) patients, hyperthy-
roidism in 68 (17.1%) patients (17 [25%] with soli-
tary nodules and 51 [75%] with more than one nod-
ule), and suspected cancer in 313 (78.6%) patients
(with one or more nodules).

Of the 68 patients with at least one malignant lesion,
48 had cancer tissue within the nodule investigated
preoperatively, 19 had cancer discovered at another
site during surgery, and 1 had both. All patients with-
out cancer in the nodule investigated preoperatively
were included in the “benign lesion category”, as this
was the only nodule relevant to the evaluation of pre-
operative diagnostic investigations (Table I).

Of the 14 patients with high serum thyrocalcitonin
levels, 4 had papillary carcinomas discovered intra-
operatively outside the investigated nodule.

Of the 69 patients with cancer, 51 (73.9%) had pap-
illary adenocarcinomas (31 [60.8%] in the investi-
gated nodule and 20 [39.2%)] elsewhere), 12 (17.4%)
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had vesicular cancer (all in the investigated nodule),
5 (7.25%) had medullary thyroid carcinoma, and 1
(1.45%) had anaplastic cancer.

Table 1. Reasons for surgery and histological dia-
gnoses in 313 patients referred to our head and
neck surgery department for thyroid nodules.
Some patients in the mandatory surgery group had
more than one criterion: 24 met both physical and
FNAB criteria, 2 met both laboratory test and

FNAB criteria, and 3 met all three criteria.

Benign Malignant
(n %) (n %)
Laboratory tests 8 (57.1 %) 6 (42.9 %)
Mandatory FNAB 50 (63.3 %) | 29 (36.7 %)
surgery Physical findings | 55 (67.9 %) | 26 (32.1 %)
At least one of
the three criteria | 101 (72.1 %) | 39 (27.9 %)
Preferred | Surgeon’s preference| 95 (90.5%) | 10 (9.5 %)
surgery Patient’s preference | 68 (100 %) 0 (0 %)
Total 163 (94.2 %) | 10 (5.8 %)

FNAB: fine-needle aspiration biopsy
Significant factors are in bold type

Univariate analysis of factors potentially
associated with malignancy

For this analysis, we excluded the 14 patients with
high serum thyrocalcitonin levels. Thus, 299 patients
were included, of whom 69 had cancer. Tables Il and
111 report results for patient-related factors and phys-
ical findings.

As shown in Table IV, one patient was excluded
from the analysis of HRUS features; this patient had
suspicious cervical lymphadenopathy, no nodule
visible by HRUS, and a 7-mm papillary cancer by
histology. In the 298 other patients, four HRUS fea-
tures were studied: hypoechogenicity, microcalcifi-
cations, uneven contours and size of nodules.
Nodule size failed to discriminate between benign
and malignant nodules. Mean size was 25.5 mm for
benign nodules and 23.1 mm for malignant nodules
(p=0.33). The proportion of nodules larger than 30
mm was similar for benign nodules (29/195,
14.87%) and malignant nodules (13/102, 12.75 %)
(OR, 0.8 ; 95 % CI, [0.4-1.7], P=0.6).

Table 11: Univariate analysis of patient-related risk factors potentially associated with thyroid cancer

Cancer rate Odds ratio | 95% confidence p
(%) interval value
Age < 70 years 12.20 4 0.0025
> 70 years 35.70 [1.70-9.40]
Gender Male 17.65 1.38 0.38
Female 13.40 [0.67-2.87]
Immunodeficiency No 14.10 1.70 [0.35-8.65] 0.62
Yes 22.20
Family history of No 13.42 2.70 [0.89-8.02] 0.08
thyroid cancer Yes 29.40
Family history of No 14.10 1.10 [0.54-2.16] 0.82
benign thyroid nodules Yes 15.05

Significant factors are in bold type.

Table I11: Univariate analysis of physical findings potentially associated with thyroid cancer

Cancer rate | Odds ratio | 95% confidence P

(%) interval value
Solitary nodule 18.20

Number of nodules | Goiter with two 1.60 [0.82-3.02] 0.17
or more nodules 12.23

Hard and/or No 9.30 4.20 [2.15-8.25] <0.0001

immobile nodule Yes 30.14

Suspicious cervical No 13.36 8.65 [1.86-40.12] 0.01
lymphadenopathy Yes 57.14

Significant factors are in bold type.
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Table V reports the risk of cancer according to the
number of HRUS criteria; 2 patients were excluded,
1 with no nodule visible by HRUS (see above) and 1
with anaplastic cancer infiltrating the entire thyroid
gland; this left 297 patients. In the multivariate anal-
ysis of HRUS features, hypoechogenicity and micro-
calcifications were significantly associated with can-
cer, whereas uneven contour was not.

Tc99m radionuclide scanning was performed in 128
(42.8%) of the 299 patients. Histological findings
according to radionuclide scan findings are reported
in Table VI. Radionuclide scan findings were not
associated with malignancy (P>0.05).

FNAB was done in 136 (45.5 %) of the 299 patients
(Table VII). Patients with inconclusive FNAB find-
ings were excluded from the analysis. When comput-
ing sensitivity and specificity, we pooled patients with
malignant cells and those with suspicious cells (papil-
lary or vesicular cancer) into a single group.
Sensitivity was 92.9 % (26/28), specificity was 49.5 %
(47/95), positive predictive value was 35.1 %
(26/74), and negative predictive value was 95.9 %
(47/49). The false-negative rate was 4.1 % (2/49)
and the false-positive rate was 64.9 % (48/74).
Among patients with malignant cells or suspicious
follicular or papillary cells by FNAB, 35.1% had
cancer; among patients with normal FNAB findings,
4.1 % had cancer. This difference was highly signif-
icant (OR, 12.7; 95 % CI, 2.9-56.7; P<0.0001).

Table 1V: Univariate and multivariate analyses of associations between high-resolution ultrasonography
findings and cancer in the investigated nodule. Ultrasound features:

dependent variable = presence of malignant tissue in the investigated nodule

independent variable = presence of hypoechogenicity, microcalcifications, or uneven contours

Univariate analysis Multivariate analysis

OR | 95% CI p value OR 95% CI p value

Hypoechogenicity no 1.0 <0.0001 1.0 0.0004
yes 5.2 | [2.6-10.9] 4.2 [1.9-9.5]

Microcalcifications no 1.0 <0.0001 1.0 <0.0001
yes 7.2 | [3.5-14.5] 6.2 | [2.9-13.3]

Uneven contours no 1.0 0.0004 1.0 0.27

yes 4.0 | [1.8-8.5] 1.7 [0.7-4.1]

OR: odds ratio; 95%CI: 95% confidence interval
Significant factors are in bold type.

Table V: Cancer rate according to the number of
high-resolution ultrasonography features predic-
ting malignancy

Number of Benign Malignant
ultrasonography features n n (%)*
0 148 4 (2.6 %)
1 79 20 (20.2 %)
2 23 12 (34.3 %)
3 5 7 (58.3 %)
* : p<0,0001.

Table VI: Distribution of cancers according to
radionuclide scan findings

Benign Malignant
n n (%)
Radionuclide uptake
Hot nodule 11 2 (15.4 %)
Cold nodule 94 9 (8.70 %)
Normal uptake 11 1(8.33 %)

Table VII: Distribution of results of fine-needle aspiration biopsy

Fine-needle aspiration biopsy findings

Benign | Incon-clusive | Suspicious follicular|Suspicious papillary | Malignant
Final histological | No cancer| 47 10 44 4 0
diagnosis Cancer |2 (4 %) 3 (23 %) 7 (13.7 %) 12 (75 %) 7 (100 %)
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Table VIII: Likelihood ratios for patient-related factors, physical findings, and findings from high-resolu-
tion ultrasonography and fine-needle aspiration biopsy.

Se Sp 1-Sp Positive Negative
likelihood ratio likelihood ratio

Patient-related and physical findings
Male vs. female 27.91 78.13 21.87 1.28 0.92
Age <70y vs. >70y* 23.26 92.97 7.03 331 0.83
Family history of thyroid cancer 11.63 95.31 4.69 2.48 0.93
Family history of benign thyroid nodules | 32.56 69.14 30.86 1.06 0.98
Hard/immobile nodule* 51.16 80.08 19.92 2.57 0.61
Suspicious cervical lymphadenopathy* | 9.30 98.83 1.17 7.95 0.92
Ultrasound findings
Hypoechogenicity* 72.09 66.67 33.33 2.16 0.42
Microcalcifications™ 48.84 88.24 11.76 4.15 0.58
Uneven contours* 30.23 90.20 9.80 3.08 0.77
Size: <3 cmvs. >3 cm 30.95 65.10 34.90 0.89 1.06
0 criteria vs. 1 or more 90.70 58.04 41.96 2.16 0.16
0 or 1 criterion vs. 2 or more 44.19 89.02 10.98 4.02 0.63
0, 1, or 2 criteria vs. 3 criteria 16.28 98.04 1.96 8.31 0.85
Hypoecho. + Microcalc. vs. other 32.56 94.90 5.10 6.39 0.71
Hypoecho. + uneven contours vs. other | 27.91 92.55 7.45 3.75 0.78
Microcalc. + uneven contours vs. other| 16.28 97.65 2.35 6.92 0.86
Fine-needle aspiration biopsy findings
M+SF+SP vs B 92.86 49.47 50.53 1.84 0.14
M+SP vs B 90.50 92.20 7.80 11.60 0.10

Se: sensitivity; Sp: specificity; M: malignant; SF: suspicious follicular; SP: suspicious papillary; B: benign
* Statistically significant (P<0.01) by univariate analysis.

Likelihood ratios for factors associated DISCUSSION
with malignancy
The analysis of our diagnostic strategy and its com-

The results are reported in Table VIII. The results parison to recommendations issued by the French

should be interpreted as follows: for instance, pres-
ence of microcalifications by HRUS was 4.15 times
more common in patients with than without cancer,
whereas absence of microcalcifications was 1.72
times less common among patients with than without
cancer (« cancer » being defined as malignant tissue
within the investigated nodule). Likelihood ratio val-
ues in the 5-10 range or the 0.1-0.2 range indicate
large differences in likelihoods.

national agency for medical evaluation (ANDEM,
Agence Nationale pour le Développement de I’Eval-
uation Médicale) [7] highlights recent changes in the
management of thyroid nodules, with HRUS and
FNAB gradually superseding radionuclide scanning.
These changes are consistent with earlier work
showing that FNAB is the diagnostic investigation
with the highest yield [8-9] and that HRUS may be
as useful as FNAB in evaluating thyroid nodules for
cancer.
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The prevalence of malignant thyroid lesions in our
series of patients treated surgically over a 3-year
period was 17.1% when both microscopic and
macroscopic cancers were included. A far lower
prevalence was reported by the French Society for
Otorhino-laryngology in 1995 (7.56%) [10], and
among 366 patients managed between 1995 and
1997 at our department, the prevalence of cancer was
12.8%, [11], although no differences were noted over
time in the distribution of histological types. This
increase in the cancer rate among patients referred to
head and neck surgeons probably reflects better
patient selection. Thus, after exclusion of cancers
discovered outside the investigated nodule (5%) and
patients who preferred surgery over monitoring, the
cancer rate in our study was 20% (49/245).

As with all retrospective studies of surgical patients,
selection bias occurred in our study, as only patients
referred to a head and neck surgery department were
included. To minimize selection bias, we included all
patients who underwent thyroid surgery rather than
only those patients with a strong suspicion of cancer:
thus we included 69 patients (21.7% of our popula-
tion) who were offered monitoring but preferred
surgery; none of these 69 patients had cancer.

We selected patients for surgery based on ANDEM
recommendations and on our personal experience [7,
11- 12]. Since 2000, we use a standardized selection
procedure, which has benefited from recent advances
in HRUS and FNAB. Furthermore, we use clinical
features and the results of HRUS and FNAB to dis-
tinguish patients in whom surgery is mandatory from
those in whom other options exist. However, among
the criteria used in our study, several failed to predict
cancer in the present study.

Computing the positive and negative likelihood
ratios for each criterion, which reflect usefulness in
everyday clinical practice, supplied us with valuable
information.

Presence of a criterion associated with a likelihood
ratio greater than 5 strongly supports a need for
surgery. For instance, assuming that the baseline
prevalence of cancer is 4% (prevalence of cancer
among patients with thyroid nodules), a likelihood
ratio of 5 on the Fagan nomogram [13] yields a
posttest probability of cancer greater than 20%.

The positive likelihood ratios were 7.95 for a suspi-
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cious cervical lymphadenopathy and 11.6 for FNAB
findings certainly or possibly indicating papillary
carcinoma. Thus, surgery is mandatory in patients
with either criterion.

In contrast, a hard nodule, which indicated that
surgery was mandatory in our strategy, had a positive
likelihood ratio of only 2.57. A plausible explanation
is that nodules accompanied with macrocalcifica-
tions or thyroiditis are frequently hard or immobile
yet usually benign. Although FNAB may correct the
diagnosis in some patients, calcified nodules may be
difficult to aspirate and should in this case be
removed surgically. FNAB findings suggesting fol-
licular cancer had a very low positive likelihood
ratio, so that the overall positive likelihood ratio of
FNAB was only 1.84. However, because FNAB was
highly sensitive, it had an excellent negative likeli-
hood ratio, of 0.14. A negative likelihood ratio lower
than 0.2 strongly supports nonsurgical management.
FNAB showing only benign cells was 7.1 times
(1/0.14) more common in patients with than without
cancer. Again assuming a baseline prevalence of thy-
roid cancer of 4% and using the Fagan nomogram, a
negative likelihood ratio lower than 0.2 indicates a
posttest likelihood of cancer lower than 1%. Thus the
risk of finding malignant tissue within a nodule that
produces benign FNAB results is smaller than 1%.

HRUS was performed routinely in our patients and
often contributed to the therapeutic decision (manda-
tory surgery or surgeon’s preference). Our likelihood
ratio evaluation indicated that HRUS was almost as
useful as FNAB. Although no single HRUS criterion
was conclusive and nodule size was unrelated to can-
cer risk, concomitant presence of both criteria inde-
pendently associated with cancer (hypoechogenicity
and microcalcifications) had a positive likelihood
ratio of 6.39, indicating that surgery was mandatory.
On the opposite, absence of all three HRUS criteria
had a negative likelihood ratio of 0.16, nearly identi-
cal to the value for benign FNAB findings (0.14).
Thus, a “benign” HRUS pattern can be defined.

Using the same standardization system as with
FNAB results, HRUS results could be categorized
according to the risk of cancer (malignant, suspi-
cious, or benign; or low, intermediate, or high risk).
Studies having a satisfactory level of evidence found
that several HRUS criteria, used alone or in combi-
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nation, were associated with a diagnosis of cancer
[14-18]. However, no diagnostic classification of
HRUS findings has been developed to date.

CONCLUSION

The risk of cancer in a thyroid nodule is evaluated on
the basis of physical findings and diagnostic investi-
gations, most notably FNAB and HRUS. FNAB is
currently the gold standard investigation and should
be performed routinely.

Recently developed immunohistochemical and
genetic techniques for examining FNAB specimens
may produce nearly 100% reliability in the near
future. Technical advances in HRUS have benefited
the diagnosis of thyroid nodules. HRUS can be
expected to remain a key tool for assisting in surgi-
cal decisions. It extends physical findings and con-
stitutes the first step in the evaluation of gross nodule
appearance. However, HRUS remains unstandard-
ized and heavily operator-dependent, explaining why
a diagnostic classification has yet to be developed.
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