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1. Abstract
1.1. Objective

To evaluate agreement and diagnostic accuracy of recalculated
ACR TI-RADS, ultrasound-reported TI-RADS, and Bethesda
cytology against final surgical histopathology in thyroid nodule
patients managed at Clinica de Occidente, Cali, Colombia.

1.2. Methods

We conducted a retrospective diagnostic accuracy and agreement
study using a cleaned institutional database. Each row represent-
ed one patient. ACR TI-RADS was recalculated from the record-
ed ultrasound score and compared with the TI-RADS category
reported in the original ultrasound report. Bethesda cytology
and ultrasound categories were evaluated against final surgical
histopathology as the reference standard. Sensitivity, specifici-
ty, predictive values, accuracy, receiver operating characteristic
curves, and kappa agreement were estimated. Results: The fi-
nal cohort included 177 patients; 168 had final histopathology,
of whom 77 (45.8%) had malignant disease. Bethesda showed
the strongest discrimination for malignant histopathology (AUC
0.712), followed by recalculated ACR TI-RADS (AUC 0.621)
and ultrasound-reported TI-RADS (AUC 0.579). ACR TI-
RADS >=4 was sensitive but poorly specific, whereas Bethesda
>=V was highly specific with limited sensitivity. Agreement be-
tween recalculated ACR TI-RADS and ultrasound-reported TI-
RADS was low to moderate.

1.3. Conclusion

In this histopathology-anchored institutional cohort, Bethesda
cytology outperformed ultrasound-based classifications. The
findings invite local strategies to improve harmonization of ACR
TI-RADS reporting.

2. Introduction

Thyroid nodules are common in clinical practice and on neck
imaging. The central problem is not detection, but reliable pre-
operative risk stratification: most nodules are benign, whereas a
selected minority require cytology, surgery, and definitive his-
topathologic classification. A useful diagnostic pathway should
identify clinically significant malignancy without expanding
procedures in low-risk disease [1].

ACR TI-RADS and the Bethesda System address different
points in this pathway. ACR TI-RADS standardizes ultrasound
assessment through scoring of composition, echogenicity, shape,
margins, and echogenic foci; however, size and clinical context
remain essential for biopsy and follow-up decisions [2]. Bethes-
da cytology provides standardized cytopathologic categories
and was updated in 2023; its indeterminate categories, particu-
larly IIT and IV, remain clinically challenging when imaging and
final pathology are discordant [3].

The study was conceived as an institutional clinicopathologic
agreement project. The expected sequence is straightforward: a
clinically detected or incidental nodule is characterized by ul-
trasound; suspicious sonographic findings should increase the
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likelihood of FNAC; Bethesda cytology should refine risk; and
final surgical histopathology should adjudicate whether the pre-
operative pathway anticipated benign or malignant disease.

Although this relationship has been studied internationally, Co-
lombian evidence remains limited and has addressed different
parts of the pathway. Prior national reports have evaluated TI-
RADS-Bethesda concordance, Bethesda-histopathology cor-
relation, ACR TI-RADS agreement, and thyroid nodule char-
acterization in high-complexity settings [7,11-13]. Few local
reports have integrated ultrasound-reported TI-RADS, recalcu-
lated ACR TI-RADS, Bethesda cytology, and final surgical his-
topathology in the same institutional cohort.

Clinica de Occidente is a high-complexity oncology centre in
Cali, Colombia, corresponding to a level III-IV institution in the
national health system. Its thyroid pathway includes radiology,
cytology, pathology, endocrine surgery, and surgical oncology.
Not all steps were performed in-house for every patient, but the
institutional capacity to complete the full pathway makes this
cohort suitable for auditing routine multidisciplinary risk strat-
ification.

3. Materials and Methods
3.1. Study Design, Setting, and Data Source

We performed a retrospective diagnostic accuracy and agree-
ment study, reported according to STARD principles where
applicable [8]. Data came from an institutional medical record
database of thyroid nodule patients evaluated at Clinica de Occi-
dente, Cali, Colombia.

The project began with an institutional universe of approximate-
ly 3,000 potentially relevant thyroid nodule records. Because
many lacked linked clinical, ultrasound, cytologic, surgical, or
histopathologic information, analysis was limited to records
with sufficient recoverable data to evaluate the ultrasound-cytol-
ogy-histopathology pathway.

Patients entered the pathway through heterogencous referral
routes. Some had external ultrasound, cytology, or pathology
reports, whereas others completed more steps at Clinica de Oc-
cidente. Original reports were retained to preserve the real-world
pathway; ACR TI-RADS was recalculated when recorded data
permitted it.

The study used secondary data only and did not involve patient
contact or intervention.

3.2. Participants and Unit of Analysis

ach database row represented one patient. After cleaning, 177
records had recoverable diagnostic information. Diagnostic ac-
curacy analyses were restricted to patients with final surgical
histopathology, the reference standard for benign versus malig-
nant disease.

Nodule size was not recoverable from the available database.
This prevented assessment of size-based ACR TI-RADS biopsy
and follow-up recommendations, and it limited interpretation to
category-level risk stratification rather than guideline-concor-
dant management decisions.

3.3. Index Tests and Reference Standard

The index tests were recalculated ACR TI-RADS, TI-RADS as
reported in the original ultrasound report, and Bethesda cytolo-
gy from FNAC. Reported and recalculated TI-RADS were ana-
lyzed separately to evaluate both diagnostic performance and the
consistency of routine ultrasound reporting with the standard-
ized ACR framework.

Final surgical histopathology was the reference standard. Pap-
illary, follicular, and anaplastic carcinoma were classified as
malignant; benign nodule, follicular adenoma, and Hashimoto
thyroiditis were classified as benign unless malignant behaviour
was explicitly reported.

3.4. Data Quality Control

Data were reviewed for missing values, duplicate entries,
non-standardized categories, displaced summary tables, and
discrepancies between ACR score and recorded category. Terms
indicating absent information were treated as missing. Summary
tables embedded below patient records were excluded.

A probable duplicate with discordant age and sex was recorded
as a data-quality limitation rather than corrected by assumption.

4. Statistical Analysis

Categorical variables were summarized as n (%). Quantitative
variables were summarized as mean and standard deviation or,
when skewed, as median, interquartile range, and range. Missing
data were handled with analysis-specific denominators.

Diagnostic accuracy was assessed using sensitivity, specific-
ity, positive predictive value (PPV), negative predictive value
(NPV), and accuracy, with 95% confidence intervals estimated
using the Wilson method [9]. Thresholds included recalculated
ACR TI-RADS >=4 and >=5, ultrasound-reported TI-RADS
>=4 and >=5, and Bethesda >=III, >=IV, and >=V.

Discrimination was evaluated using AUC, treating ACR score,
recalculated ACR TI-RADS, ultrasound-reported TI-RADS, and
Bethesda as ordinal predictors. Agreement was assessed using
Cohen kappa and weighted kappa as appropriate [10]. Explor-
atory logistic regression assessed associations with malignant
histopathology after adjustment for age and sex; these models
were considered hypothesis-generating.

4.1. Ethical Considerations

The study used secondary data from institutional medical re-
cords, without patient contact or clinical intervention. The pro-
tocol was approved for retrospective medical record review, and
the requirement for individual informed consent was waived
because the analysis used anonymized secondary clinical data.
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Figure legend: Bethesda had the highest AUC, followed by recalculated ACR TI-RADS and total ACR score. Ultrasound-reported TI-RADS

showed lower discriminative performance in this dataset.

Table 1: Baseline characteristics and data availability.

Variable n / statistic % or median [IQR]
Patients included 177 100
Female sex 157 88.7
Male sex 20 11.3
Age, years n=175; mean = SD 53.1 + 16.0 54.0 [40.5-65.0]; range 12.0-91.0
Preoperative TSH n=124; mean + SD 26.16 + 114.76 2.66 [1.43-4.14]; range 0.01-828.00
Postoperative TSH n=122; mean + SD 16.36 £ 41.34 3.45[1.51-8.32]; range 0.01-292.37
Final histopathology available 168 94.9
Malignancy among patients with histology 77/168 45.8
ACR TI-RADS recalculable 169 95.5
Table 2: Final histopathologic diagnosis.
Diagnosis n % of total
Benign nodule 88 49.7
Follicular adenoma 2 1.1
Hashimoto thyroiditis 1 0.6
Papillary carcinoma 62 35.0
Follicular carcinoma 14 7.9
Anaplastic carcinoma 1 0.6
No final histopathology 9 5.1

Table 3: Recalculated ACR TI-RADS distribution.

Category n % of total
TR1 0.6

TR2 9 5.1

TR3 35 19.8

TR4 93 52.5

TRS 31 17.5

Not recalculable 8 4.5
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Table 4: Ultrasound-reported TI-RADS distribution.

Reported category n % of total
TI-RADS I 1 0.6
TI-RADS I 9 5.1
TI-RADS III 44 24.9
TI-RADS IV/4A/4B 88 49.7
TI-RADS V 12 6.8

Not reported/non-interpretable 23 13.0

Table 5: Bethesda cytology distribution.

Bethesda category n % of total
I 26 14.7

11 27 15.3

11 28 15.8

v 56 31.6

\Y 24 13.6

VI 6 3.4

Not reported/non-interpretable 10 5.6

Table 6: Observed malignant histopathology among surgically verified cases by recalculated ACR TI-RADS category.

Category n with histology Malignant Observed malignant histopathology %, 95% CI
TR1 1 1 100.0 (20.7-100.0)

TR2 9 4 44.4 (18.9-73.3)

TR3 34 9 26.5 (14.6-43.1)

TR4 86 37 43.0 (33.1-53.6)

TRS 30 21 70.0 (52.1-83.3)

Table 7: Observed malignant histopathology among surgically verified cases by Bethesda cytology category.

Category n with histology Malignant Observed malignant histopathology %, 95% CI
I 23 3 13.0 (4.5-32.1)

1I 25 10 40.0 (23.4-59.3)

I 27 13 48.1 (30.7-66.0)

v 56 21 37.5(26.0-50.6)

\% 23 22 95.7 (79.0-99.2)

VI 6 5 83.3 (43.6-97.0)

Table 8: Diagnostic performance of ultrasound and cytologic thresholds against histopathology.

LEEIAL WL DO R [ WA A BT 3:?313’2 t(y:I) °S/f?§i5ﬁ°§:tél) g;Y/;V&) 1(\;1;}2,0/&) é%?/ff%cﬂ *

i%c}il%‘ﬁ;%s g | 160 | 58/58/30/14 | 80.6(70.0-88.0) | 34.1(25.0-44.5) | 50.0(41.0-59.0) | 68.2(534-80.0) | 55.0 (47.3-62.5)
i‘é"ﬁﬁ‘ﬁﬁm s | 160 | 21/9/79/51 29.2(19.9-40.5) | 89.8 (81.7-94.5) | 70.0 (52.1-83.3) | 60.8 (52.2-68.7) | 62.5 (54.8-69.6)
[lelff{i%“s‘tip"“ed 149 | 46/50/33/20 69.7 (57.8-79.4) | 39.8 (29.9-50.5) | 47.9 (38.2-57.8) | 62.3 (48.8-74.1) | 53.0 (45.0-60.9)
g}fﬁi"g’s“i‘i‘?omd 149 | 10/2/81/56 152 (8.4-25.7) | 97.6 (91.6-99.3) | 83.3(55.2-95.3) | 59.1(50.8-67.0) | 61.1 (53.1-68.5)
Bethesda >=III 160 | 61/51/35/13 82.4(72.2-89.4) | 40.7 (30.9-51.3) | 54.5 (45.2-63.4) | 72.9(59.0-83.4) | 60.0 (52.3-67.3)
Bethesda >=IV 160 | 48/37/49/26 | 64.9 (53.5-74.8) | 57.0 (46.4-66.9) | 56.5 (45.9-66.5) | 65.3 (54.1-75.1) | 60.6 (52.9-67.9)
Bethesda >=V 160 | 27/2/84/47 36.5(26.4-47.9) | 97.7(91.9-99.4) | 93.1 (78.0-98.1) | 64.1(55.6-71.8) | 69.4 (61.8-76.0)
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Table 9: Area under the receiver operating characteristic curve.

Ordinal predictor n AUC (95% bootstrap CI)
Total ACR score 162 0.619 (0.530-0.704)
Recalculated ACR TI-RADS 160 0.621 (0.541-0.701)
Ultrasound-reported TI-RADS 149 0.579 (0.492-0.661)
Bethesda 160 0.712 (0.633-0.786)
Table 10: Agreement analysis.
Comparison n Statistic Value
Recalculated ACR vs ultrasound-reported TI-RADS 148 Unweighted kappa 0.245
Recalculated ACR vs ultrasound-reported TI-RADS 148 Linear weighted kappa 0.287
Recalculated ACR vs ultrasound-reported TI-RADS 148 Quadratic weighted kappa 0.328
Bethesda >=V vs histopathology 160 Binary kappa 0.357
ACR >=5 vs histopathology 160 Binary kappa 0.200
Table 11: Exploratory multivariable logistic regression for malignant histopathology.
Variable Adjusted OR 95% CI p
Recalculated ACR TI-RADS, per category 1.56 1.00-2.45 0.052
Bethesda, per category 1.91 1.42-2.56 <0.001
Age, per year 0.99 0.97-1.01 0.298
Male sex 0.77 0.26-2.27 0.638

Table 12: Combined diagnostic strategies using Bethesda and recalculated ACR TI-RADS.

Rule n TP/FP/ Sensitivity Specificity PPV % NPV % Accuracy %
TN/FN % (95% CI) | % (95% CI) (95% CI) ©95% CI) | (95% CI)
}%Ie_tgzsgas JT ORACR N ysa | 371017434 | 52,1 (40.7-63.3) | 89.2(80.7-942) | 80.4 (66.8-89.3) (658§§3_7 65) (7624.15_78. 6
pethesda ZV ANDACR | 154 | 11/083/60 | 155 (89-25.7) | 1000 (95.6-100.0) (1702'10_1 00.0) 359?8_65’8) (6513'(.)2_68’ "
I%Ie_tﬁfgas TV ORACR N 1sa | 636501878 | 88.7(79.3-942) | 21.7(142317) | 49.2(40.7-57.8) (659(')?0_83.5) (534.67_60.3)
];’ftgf:gasiff AND ACR | 154 | 41/25/58/30 | 57.7 (46.2-68.5) | 69.9(59.3-78.7) | 62.1 (50.1-72.9) (655?5_7 50) (6546'?5_71’ "
5. Results

5.1. Patient Flow and Baseline Characteristics

From the broader institutional universe initially considered for
the project, data recovery and cleaning yielded 177 patient re-
cords suitable for analysis of the ultrasound-cytology-histopa-
thology pathway. Final surgical histopathology was available for
168 patients, defining the primary analytic cohort for diagnostic
accuracy estimates. This surgically verified subset should not be
interpreted as the denominator for institutional thyroid nodule
prevalence.

Most patients were female (157/177; 88.7%). The median age
was 54 years (interquartile range, 40.5-65 years; range, 12-91
years). Preoperative TSH was markedly skewed, with a median
of 2.66 and a range of 0.01-828.00, supporting median-based
reporting rather than reliance on the mean alone.

5.2. Histopathologic Outcomes

The most frequent final histopathologic diagnosis was benign
thyroid nodule, followed by papillary thyroid carcinoma. Ma-
lignant tumours were mainly papillary carcinoma, with fewer
follicular carcinoma cases and one anaplastic carcinoma. Be-
cause histopathology was available primarily among surgically
managed patients, the observed malignancy proportion should
be interpreted as conditional on surgical verification rather than
as the prevalence of malignancy among all institutional thyroid
nodules.

5.3. Distribution Of Ultrasound and Cytologic Classifications

After recalculation from the ACR total score, TR4 was the most
frequent category, followed by TR3 and TRS. Ultrasound-re-
ported TI-RADS was unavailable or non-interpretable in 32
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patients. This distinction between reported and recalculated cat-
egories was clinically relevant because it reflects a real-world
documentation gap: the institution may have the clinical capac-
ity and specialist expertise to complete the diagnostic pathway,
but standardized reporting elements are not always captured uni-
formly across reports.

5.4. Observed Histopathology by Preoperative Category

Observed malignant histopathology varied across preoperative
ultrasound and cytology categories. These proportions describe
surgically verified cases only; they should not be interpreted as
intrinsic malignancy risks for each ACR TI-RADS or Bethesda
category in an unselected thyroid nodule population.

5.5. Diagnostic Accuracy

Recalculated ACR TI-RADS >=4 had high sensitivity but low
specificity. Raising the threshold to ACR TI-RADS >=5 in-
creased specificity but markedly reduced sensitivity. Bethesda
>=V showed high specificity and PPV, making it useful as a
confirmatory threshold, but its low sensitivity limits its use as a
stand-alone rule-out strategy. Bethesda >=III was sensitive but
nonspecific, as expected when indeterminate categories are con-
sidered positive.

5.6. Discrimination and Agreement

Bethesda showed the highest discriminative performance, with
an AUC of 0.712. Recalculated ACR TI-RADS and total ACR
score showed modest discrimination, whereas ultrasound-re-
ported TI-RADS performed less strongly. Agreement between
recalculated ACR TI-RADS and ultrasound-reported TI-RADS
was low to moderate, indicating imperfect translation of struc-
tured ultrasound components into the category documented in
routine clinical reports.

5.7. Exploratory Multivariable Model and Combined Strat-
egies

In exploratory multivariable analysis, Bethesda category re-
mained independently associated with malignancy, whereas
recalculated ACR TI-RADS showed borderline association af-
ter adjustment for Bethesda, age, and sex. Combined diagnos-
tic rules showed predictable trade-offs between sensitivity and
specificity and should be interpreted as exploratory rather than
as validated clinical algorithms.

6. Discussion

These findings show partial, not complete, agreement across the
thyroid nodule diagnostic pathway. Bethesda cytology had the
strongest discrimination for malignant histopathology; recalcu-
lated ACR TI-RADS performed modestly; and ultrasound-re-
ported TI-RADS was less consistent with recalculated ACR cat-
egories. This pattern supports integrating ultrasound, cytology,
and histopathology rather than treating any single preoperative
category as definitive.

This interpretation is consistent with the intended roles of these
tools. ACR TI-RADS supports standardized sonographic risk
stratification and biopsy/follow-up thresholds, but it does not

diagnose cancer without size, clinical context, cytology, and
surgical selection [2]. Bethesda provides morphologic cytologic
evidence, especially in categories V and VI, but indeterminate
and lower-risk categories remain affected by sampling, multiloc-
ularity, and selection bias [3].

Because this was a surgically enriched, histology-verified co-
hort, the 45.8% malignancy proportion should not be interpreted
as the institutional prevalence of malignant thyroid nodules. The
study is better understood as a histopathology-anchored audit of
preoperative risk stratification within recoverable records from a
larger institutional universe.

The most actionable signal was the gap between recalculated
ACR TI-RADS and ultrasound-reported TI-RADS. In an expe-
rienced multidisciplinary centre, clinical expertise should com-
plement structured reporting, not replace it. These findings do
not mandate a single template, but they support discussion of
practical strategies to harmonize ACR TI-RADS reporting, in-
cluding consistent capture of the five domains, total score, final
category, size, laterality, and nodule location [19].

Category-level discrepancies require caution. Because the data-
set was organized by patient rather than by nodule, the imaged
nodule, sampled nodule, and malignant surgical focus could not
always be matched lesion by lesion. This is particularly relevant
in multinodular glands and in patients with external imaging or
cytology.

Combined diagnostic rules showed expected sensitivity-speci-
ficity trade-offs and should not be converted into management
rules without prospective, nodule-level validation including
nodule size and clinical risk factors.

The literature is best interpreted by context rather than direct
numerical benchmarking. Colombian studies have evaluated
TIRADS-Bethesda concordance, Bethesda-histopathology cor-
relation, ACR TI-RADS agreement, and thyroid nodule charac-
terization from different perspectives [7,11-13]. Regional and
international studies similarly show that ultrasound risk strati-
fication and Bethesda cytology are complementary, with histo-
pathology remaining the decisive endpoint in surgically verified
cohorts [4-6,15-18]. The contribution of this study is its insti-
tutional audit of the full preoperative pathway while separating
reported TI-RADS from recalculated ACR TI-RADS.

7. Limitations

This study is limited by its retrospective design, secondary-data
source, incomplete reconstruction of a larger initial institutional
universe, and heterogeneous referral pathway in which not all
reports were generated in-house. The analysis was organized by
patient rather than nodule, limiting lesion-specific concordance.
Nodule size was not recoverable, preventing assessment of size-
based ACR TI-RADS biopsy/follow-up recommendations. The
cohort was surgically enriched; malignancy proportions and
predictive values are therefore not generalizable to all thyroid
nodules evaluated at the institution.
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Despite these limitations, distinguishing ultrasound-reported
TI-RADS from recalculated ACR TI-RADS provides a practi-
cal quality signal for local review. The study did not measure
avoidable FNAC, avoidable surgery, or delayed indicated sur-
gery; these outcomes require prospective evaluation before man-
agement recommendations are adopted.

Conclusion

In this retrospective cohort from Clinica de Occidente, Cali, Co-
lombia, agreement across ACR TI-RADS, Bethesda cytology,
and final surgical histopathology was partial. Bethesda cytology
showed the strongest discrimination for malignant histopatholo-
gy, recalculated ACR TI-RADS showed modest discrimination,
and ultrasound-reported TI-RADS showed lower agreement
with recalculated ACR categories. The findings support histo-
pathology-anchored institutional audit and invite local strategies
to harmonize ACR TI-RADS reporting, while recognizing the
greater uniformity of Bethesda and final pathology in this data-
set.
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