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Management of thyroid nodules initially classified as benign: 
ultrasonographic features as a criterion for repetition of fine-

needle aspiration

Alev Dolu1, Özlem Özkale Yavuz2, Eşref Umut Özyer3
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2Department of Radiology, Ankara Bilkent City Hospital, Ankara, Turkiye
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ABSTRACT
Aims: Nodular thyroid disease is highly prevalent in the adult population. The primary objective in the management of thyroid 
nodules is to distinguish malignant lesions from benign ones. Following ultrasound (US)-guided fine-needle aspiration (FNA), 
malignancy is detected in only 3% to 12% of cases. However, in clinical practice, false-negative rates ranging from 1.3% to 
11.5% in nodules classified as benign can introduce uncertainty into the management process. Early identification of distinct 
ultrasonographic features associated with malignancy may not only reduce unnecessary repeat FNA procedures but also help 
prevent diagnostic delays caused by false-negative results. 
Methods: A retrospective review was performed of 513 nodules that underwent repeat FNA biopsies within 6 to 12 months 
over a 5-year period. US features (number and size of nodules, growth in nodule size, echotexture, echogenicity, presence of 
microcalcifications, cervical lymphadenopathy, and lymphadenopathy progression) were compared with cytology results to 
determine which sonographic findings warrant repeat biopsy and which support clinical follow-up.  
Results: Repeat FNA was performed on 513 thyroid nodules initially classified as benign, with malignancy detected in 15 cases 
(2.9%). US features significantly associated with increased malignancy risk included microcalcifications, hypoechoic solitary 
nodules, enlarging hypoechoic solitary nodules, accompanying lymphadenopathy, and progressive lymphadenopathy. In 
contrast, nodule number, size, growth, and echotexture alone were not significant predictors of malignancy. US characteristics 
such as cystic composition, isoechogenicity, and hyperechogenicity were more commonly observed in benign nodules. 
Conclusion: This study recommends repeat FNA for hypoechoic solitary nodules, enlarging hypoechoic solitary nodules, 
nodules with microcalcifications, and those associated with lymphadenopathy. In contrast, repeat FNA is not advised for cystic 
nodules or solid nodules without hypoechogenicity.
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INTRODUCTION

Nodular thyroid disease is very common among adults. 
The use of ultrasound (US) as a routine part of thyroid 
exams has led to detection rates as high as 68%.1,2 The 
main purpose in the management of thyroid nodules is to 
differentiate malignancy. US-guided fine-needle aspiration 
(FNA) is the gold standard diagnostic tool to determine the 
management of the thyroid nodule.3 After FNA, most nodules 
are diagnosed as benign, and only about 3–12% are found 
to be malignant.4 Guidelines recommend clinical follow-up 
when a nodule is initially diagnosed as benign.1,5 However, 

false-negative results ranging from 1.3% to 11.5% can make 
it difficult to manage benign nodules in clinical practice.6,7 

This study aims to clarify the necessity of FNA by identifying 
which US features are associated with an increased risk of 
malignancy in thyroid nodules initially diagnosed as benign. 
To this end, the US characteristics of the nodules and the 
results of repeated FNA were evaluated. This way, malignant 
nodules missed due to false-negative results can be detected 
with repeat FNA, and unnecessary repeat FNAs can be 
reduced.

https://orcid.org/0000-0003-0516-4867
https://orcid.org/0000-0001-9965-516X
https://orcid.org/0000-0002-4300-009X
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METHODS

Ethics
All procedures complied with the Declaration of Helsinki and 
local ethical standards. This study has been approved by the 
Researches Ethics Committee of Başkent University Faculty 
of Medicine and Health Sciences (Date: 28.01.2015, Decision 
No: KAl 5/16).

Patients and Data Acquisition
A retrospective review was performed on patients who 
initially received a benign diagnosis and underwent repeat 
FNA between January 2009 and February 2014. Patients 
included in the study were those who underwent FNA of 
the same thyroid nodule, with detailed US reports available 
prior to both the initial and subsequent procedures. During 
the study period, a total of 531 nodules underwent repeat 
FNA. After excluding 18 nodules with inadequate cytology 
(n=11) or suspicious pathology (n=7) that did not undergo 
surgery or further FNA, 513 nodules were included in the 
final analysis. Exclusion criteria were: (i) nodules lacking 
adequate US documentation before FNA, (ii) patients with 
multinodular goiters where nodule correspondence between 
procedures was uncertain, (iii) patients who had repeat FNA 
from different nodules, and (iv) nodules with inadequate 
or suspicious cytology not followed by surgery or repeat 
aspiration.

Patient demographics, including gender, age and the interval 
between FNAs, were obtained from hospital records. US 
examinations were performed using high-resolution US 
machines by several radiologists with a minimum of 5 years 
of experience in thyroid imaging. Nodule characteristics were 
extracted from radiology reports and included: (i) size (<1 
cm or ≥1 cm), (ii) internal structure (solid, cystic, or mixed), 
(iii) echogenicity (hypoechoic, isoechoic, hyperechoic, or 
mixed), (iv) number of nodules (solitary or multinodular), 
(v) presence of microcalcifications, (vi) associated cervical 
lymphadenopathy, defined as short-axis diameter >1 cm, and 
(vii) growth in lymph nodes, defined as ≥20% increase in at 
least two dimensions.8

Repeat FNA cytology results were classified into four 
categories: benign, suspicious, malignant, and inadequate 
specimens.9 Nondiagnostic aspirates were excluded from 
final analysis unless repeated and adequate. The interval 
between the initial and repeat FNA, as well as any changes in 
sonographic features or cytology category, were recorded for 
all included cases.

Technique
All FNAs were performed under US guidance using a 21-
gauge needle, with 2–3 passes per nodule. In cystic nodules 
with a solid component, the solid portion was targeted for 
aspiration. The aspirates were processed using conventional 
smear techniques and stained with Papanicolaou and May-
Grünwald-Giemsa stains.

Statistical Analysis
For the evaluation of data, descriptive statistics were used. 
Numerical variables were expressed as mean±standard 
deviation, median, minimum, and maximum values, 
while categorical variables were presented as frequencies 

and percentages. The rates of malignancy associated with 
US findings were analyzed using cross-tabulations and 
presented as counts and percentages. To assess the diagnostic 
performance of US features in predicting malignancy, 
sensitivity, specificity, positive predictive value (PPV), 
and negative predictive value (NPV) were calculated. For 
statistically significant findings, Fisher’s exact test and 
the Fisher-Freeman-Halton test were used. Variables that 
were significant in univariate analyses were included in 
a multivariate logistic regression using the Backward 
LR elimination method to determine the best model for 
predicting malignancy. Results of the logistic regression 
analysis were reported with odds ratios (ORs), p-values, 
and 95% confidence intervals (CIs). A p-value of <0.05 was 
considered statistically significant. All statistical analyses 
were performed using the SPSS 21.0 for Windows software 
package.

RESULTS

Of the 513 nodules initially diagnosed as benign, 15 (2.9%) 
were identified as malignant, while 498 (97.1%) remained 
benign. The mean interval between FNA procedures was 237 
days (range: 181 to 341 days). The study group included 387 
female and 126 male patients aged between 17 to 87 years 
(median, 62±15.4 years). Six nodules in male and 9 nodules 
in female group were malignant. Statistical analysis revealed 
that gender had no significant effect on malignancy (p=0.218). 

The characteristics of the nodules in the study population and 
their US findings are summarized in Table 1.

Nodule size distribution showed 34.3% of nodules were ≤1 cm 
and 65.7% were >1 cm, with similar malignancy rates of 3.4% 
and 2.7%, respectively. There was no significant difference in 
malignancy when infracentimetric nodules were compared 
with supracentimetric nodules (p=0.783). 

Solid nodules had higher rate of malignancy (3.5%) than 
mixed nodules (1.4%) however it was not significant 
(p=0.361). Cystic echo-structure was a significant feature for 
benign cytology (p<.001). 

Among echogenicity types, hypoechoic nodules represented 
48.9% of the total and showed the highest malignancy rate at 
5.2% (p=0.021). Isoechoic and hyperechoic nodules were all 
benign (p<0.001), whereas nodules with mixed echogenicity 
had a malignancy rate of 2.1%.

Regarding nodule number, solitary nodules showed a 
higher malignancy rate (7.2%) than multiple nodules (1.9%) 
(p=0.014). Hypoechoic solitary nodules had a significantly 
higher rate of malignancy than hypoechoic nodules in 
multinodular thyroid gland or non-hypoechoic solitary 
nodules (p<0.005). Nodule growth was observed in 18.7% 
of the nodules, with a malignancy rate of 8.3%, which was 
higher compared to nodules without growth (1.7%). Among 
hypoechoic nodules, those with growth demonstrated an 
even higher malignancy rate of 23.3%, compared to 1.7% in 
hypoechoic nodules without growth. These findings suggest 
that nodule growth, particularly in hypoechoic nodules, 
is strongly associated with an increased risk of malignancy 
(p<0.005). 
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The presence of microcalcifications was detected in 28.5% 
of nodules and correlated with an increased malignancy 
rate of 6.6%, compared to 1.6% in nodules without 
microcalcifications (p<0.005). Cervical lymphadenopathy was 
identified in 5.8% of cases, with a malignancy rate of 16.7%, 
while lymph node growth was noted in 3.9% of nodules and 
associated with malignancy in 15% of these cases  (p<0.005).

Sensitivity, specificity, PPV, NPV, p values and OR of the 
significant US findings are given in Table 2.

DISCUSSION

FNA is the most effective preoperative diagnostic method for 
determining thyroid malignancy.1,4 Malignant or suspicious 
nodules and follicular neoplasm are proposed to surgery 
while benign nodules are followed-up.10 However, benign 
cytology does not rule out the possibility of malignancy and 
FNA repetition has been advised for the detection of false 
negative cases.7,11,12 Repetition was found to increase the 
accuracy, sensitivity and specificity of the FNA and reduce the 
false negative results from 6.7% to 0.8%. Our study revealed 
that 2.9 % of the nodules had a false negative initial FNA 
result and a final diagnosis of malignancy was made with 
FNA repetition after 6 months. This result was compatible 
with previous reports.7,13

Previous studies have demonstrated that repeat FNA can 
be effective in detecting occult malignancies.7,11 However, 
it has also been reported that in nodules initially diagnosed 
as benign, repeat cytology yields benign results in over 90% 
of cases, suggesting limited additional diagnostic value.4,11-14 

Considering the low malignancy rates, repeat FNA should not 
be entirely disregarded in follow-up protocols. Nevertheless, 
to avoid subjecting a large patient population to unnecessary 
procedures, repeat FNA indications should be applied more 
selectively.

The most practical way to restrict the indications for 
repetition seems to be classifying the nodules according to 
the US features. In the population subject to FNA repetition, 
US features can be used to identify nodules with a higher 
probability of malignancy.1,2 Thus, diagnosis of masked 
malignancy can be achieved without exposing a large 
proportion of patients to repeat FNAs.

Primary FNA indications based on ultrasonographic 
features have been clearly defined in the literature.1,2 US 

Table 1. Characteristics of thyroid nodules by benign and malignant status

Nodule feature Benign, n (%)  Malignant, n (%) Total, n (%)

All nodules 498 (97.1%) 15 (2.9%) 513 (100%)

Gender

Male 120 (95.2%) 6 (4.8%) 126 (24.6%)

Female 378 (97.7%) 9 (2.3%) 387 (75.4%)

Nodule number

Solitary 90 (92.8%) 7 (7.2%) 97 (18.9%)

Multiple 408 (98.1%) 8 (1.9%) 416 (81.1%)

Echo-structure

Solid 385 (96.5%) 14 (3.5%) 399 (77.8%)

Cystic 43 (100%) 0 (0%) 43 (8.4%)

Mixed 70 (98.6%) 1 (1.4%) 71 (13.8%)

Echogenicity

Hypoechoic 238 (94.8%) 13 (5.2%) 251 (48.9%)

Isoechoic 76 (100%) 0 (0%) 76 (17.5%)

Hyperechoic 90 (100%) 0 (0%) 90 (14.8%)

Mixed echogenicity 94 (97.9%) 2 (2.1%) 96 (18.7%)

Nodule size

≤1 cm 170 (96.6%) 6 (3.4%) 176 (34.3%)

>1 cm 328 (97.3%) 9 (2.7%) 337 (65.7%)

Nodule growth

Present 88 (91.7%) 8 (8.3%) 96 (18.7%)

Absent 410 (98.3%) 7 (1.7%) 417 (81.3%)

Microcalcification

Present 127 (93.4%) 9 (6.6%) 136 (28.5%)

Absent 371 (98.4%) 6 (1.6%) 377 (73.5%)

Lymphadenopathy

Present 25 (83.3%) 5 (16.7%) 30 (5.8%)

Absent 473 (97.9%) 10 (2.1%) 483 (94.2%)

Lymph node growth

Present 17 (85%) 3 (15%) 20 (3.9%)

Absent 481 (97.6%) 12 (2.4%) 493 (96.1%)

Subgroups of hypoechoic nodules

Solitary hypoechoic 45 (86.5%) 7 (13.5%) 52 (10.1%)

Multiple hypoechoic 453 (98.3%) 8 (1.7%) 461 (89.9%)

Solitary hypoechoic 
with growth 23 (76.7%) 7 (23.3%) 30 (5.8%)

Solitary hypoechoic 
without growth 475 (98.3%) 8 (1.7%) 483 (94.2%)

Notes: Percentage distribution of ultrasound findings and gender in benign and malignant groups

Table 2. Logistic regression analysis of significant ultrasound findings and risk of malignancy

Ultrasound finding Sensitivity (%) Specificity (%) PPV (%) NPV (%) p value Odds ratio

Hypoechoic nodule 86.7 35.8 5.2 99.5 0.021 3.2

Solitary nodule 46.7 81.9 7.2 98.1 0.014 3.96

Hypoechoic solitary nodule 46.7 91 13.5 98.3 0.001 5.01

Nodule growth present 53.3 82.3 8.3 98.3 0.003 5.31

Growing hypoechoic solitary nodule 46.7 95.4 23.3 98.3 <0.001 13.3

Microcalcification 60 74.5 6.6 98.4 0.005 4.86

Lymphadenopathy 33.3 95 16.7 97.9 0.001 10.96

Lymph node growth 20 96.6 15 97.5 0.017 –

Notes: Statistically significant results (p<0.05), Abbreviations: PPV: Positive predictive value, NPV: Negative predictive value
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plays a key role in identifying nodules with an increased 
risk of malignancy. Solid hypoechoic structure, absence of 
a hypoechoic halo, irregular margins, a taller-than-wide 
shape, microcalcifications, marked intranodular vascularity, 
and accompanying cervical lymphadenopathy are among 
the main features associated with a higher likelihood of 
malignancy.2,15 However, the significance of these US findings 
in distinguishing between benign and malignant nodules has 
been reported to vary across different studies.16

This study found that solid echo-structure was not 
significantly associated with malignancy, whereas cystic 
echo-structure was strongly correlated with benign 
cytology (p<0.001). Similarly, hypoechogenicity alone was a 
significant US feature for malignancy, while isoechogenicity 
and hyperechogenicity were significantly associated with 
benign cytology (p<0.001). Although some previous studies 
have reported hypoechogenicity as a significant predictor of 
malignancy, others have not.12,13 Therefore, cystic nodules and 
non-hypoechoic solid nodules without additional suspicious 
US features may not require repeat FNA during follow-up.

Hypoechoic solitary nodules and growing hypoechoic 
solitary nodules both demonstrated a significantly increased 
risk of malignancy. Hypoechoic solitary nodules increased 
the specificity for malignancy to 91%. Although they 
comprised only 10.1% of all nodules in the study population, 
they accounted for 46.7% of malignant nodules and only 
9% of benign nodules. When accompanied by growth, 
specificity further increased to 95.4%. These findings suggest 
that hypoechoic solitary nodules, and especially those that 
are growing, should be closely monitored with repeat FNA 
biopsy to avoid missing malignancies.

Consistent with previous studies, our findings demonstrated 
that the presence of microcalcifications is highly specific 
and significantly associated with an increased risk of 
malignancy.1,2,12,13 Moreover, our results indicate that repeat 
FNA should be considered mandatory during the follow-up 
of initially benign nodules exhibiting microcalcifications to 
ensure early detection of malignant transformation.

Our study also showed that there was no significant 
difference among infracentimetric and supracentimetric 
nodules regarding malignancy in FNA repetition. US features 
of echogenicity, structure and microcalcification were 
superior criteria for FNA repetition compared to nodule size. 
This aligns with previous research showing no significant 
difference in size between benign and malignant nodules.17,18 

In contrast to nodule size, growth was significantly more 
common in malignant (53.3%) than benign nodules (17.7%) 
and was found to be highly specific for malignancy if present 
in hypoechoic solitary nodules. Like previous studies, our 
study showed that nodule growth without other specific US 
features was not a significant factor in increased malignancy 
risk.5,12,13

In our study, the presence of lymphadenopathy demonstrated 
high specificity (95%) and a significant association with 
malignancy (p=0.001), indicating its strong predictive value. 
Lymph node growth also showed high specificity (96.6%) 

and a significant correlation with malignancy (p=0.017), 
although its sensitivity was lower. These findings support 
the role of lymphadenopathy as an important US feature 
in evaluating malignancy risk in thyroid nodules. Similar 
results have been reported in the literature, emphasizing that 
lymph node enlargement and structural changes are closely 
linked to malignancy.19,20 Therefore, patients with detected 
lymphadenopathy or lymph node growth should be closely 
monitored and considered for repeat FNA when necessary.

Limitations
US evaluations were performed by different radiologists, 
which may have introduced interobserver variability in 
imaging findings. Furthermore, certain sonographic features 
strongly associated with malignancy—such as margin 
irregularity, taller-than-wide shape, and intranodular 
vascularity—were not assessed due to inconsistent 
availability in retrospective records. Malignancy diagnoses 
were based solely on FNA cytology, and histopathological 
confirmation through surgical specimens was not available 
for all cases. Lastly, the low number of malignant cases (n=15; 
2.9%) limited the statistical power, necessitating cautious 
interpretation of the results.

CONCLUSION

This study suggests that FNA repetition to all nodules 
with initially benign cytology is not justified. FNA 
repetition should not be performed in cystic, isoechoic 
and hyperechoic nodules. Solitary hypoechoic nodules, 
nodules with microcalcification and accompanying cervical 
lymphadenopathy have increased risk of malignancy and 
should always undergo FNA repetition within 12 months 
despite initially benign cytological diagnosis.
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ABSTRACT
Aims: Neoadjuvant chemotherapy (NAC) has become a standard of care for locally advanced gastric cancer (LAGC), but a 
significant portion of patients do not respond to treatment, leading to unnecessary toxicity and delayed definitive surgery. 
Non-invasive, predictive tools are urgently needed to identify these non-responders prior to treatment. This study aimed 
to develop and validate a predictive model using an integrated approach of clinical factors and radiomic features extracted 
from pretreatment computed tomography (CT) scans to classify patients with LAGC as responders or non-responders to the 
neoadjuvant FLOT protocol.
Methods: This retrospective study utilized 163 patients. A comprehensive feature set, including 11 patient biomarkers and 101 
radiomic features, was used to train various machine learning algorithms via the pyCaret library. The Light Gradient Boosting 
Machine (LightGBM) was identified as the top-performing model. 
Results: On the internal validation, the LightGBM model achieved an accuracy of 80% with an AUC of 0.7926. Key features 
contributing to the model’s prediction included albumin, CA 19-9, age, and specific radiomic features such as Robust Mean 
Absolute Deviation. However, the model’s performance decreased in the independent external validation, with an accuracy of 
54.59% and an AUC of 0.5409, highlighting challenges in generalizability.
Conclusion: This study demonstrates the potential of an integrated clinical and radiomic approach using a LightGBM model 
to non-invasively predict treatment response to FLOT in LAGC. While the model showed strong internal performance, the 
decreased performance on an external validation set underscores the critical need for larger, multi-institutional, prospective 
studies with standardized data collection to establish clinical generalizability and widespread utility.
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INTRODUCTION

Gastric cancer is a serious global health challenge, ranking 
among the leading causes of cancer-related mortality 
worldwide, with its incidence being particularly high in Asia 
and Eastern Europe.1 Locally advanced gastric cancer (LAGC) 
presents a substantial clinical challenge, characterized by a 
heterogeneous prognosis and a significant risk of recurrence 
even after aggressive therapeutic interventions.2 The standard 
of care for resectable LAGC has evolved to a multimodal 
approach that incorporates neoadjuvant chemotherapy 
(NAC) as a pivotal component. The primary goals of NAC 
include improving surgical outcomes, achieving tumor 

downstaging, eradicating micrometastases, and ultimately 
enhancing resection rates and long-term patient survival.2-4

Among various regimens, the FLOT (Fluorouracil, 
Leucovorin, Oxaliplatin, and Docetaxel) protocol has 
emerged as a preferred NAC regimen, consistently 
demonstrating superior survival outcomes compared to 
other approaches in randomized clinical trials.3,4 However, 
a significant proportion of patients exhibit a poor or non-
existent response to FLOT, rendering them susceptible to 
unnecessary toxicities and detrimental delays in definitive 
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surgical intervention.5 Identifying these non-responders 
before treatment initiation is of paramount importance for 
optimizing patient care. Such a predictive tool would enable 
clinicians to personalize therapeutic strategies, potentially 
directing non-responsive patients to alternative therapies or 
appropriate clinical trials, thereby optimizing outcomes and 
reducing treatment-related morbidity.6,7

Traditional methods for assessing treatment response are 
broadly categorized into radiological and pathological 
approaches. Radiological assessments, performed non-
invasively, have historically relied on methods such as the 
response evaluation criteria in solid tumors (RECIST). 
However, RECIST, which primarily focuses on macroscopic 
tumor size changes, has demonstrated significant limitations 
in accurately predicting patient outcomes. For instance, it 
has been shown to fail in identifying a substantial portion of 
patients who progress to metastatic disease and cannot reliably 
stratify patients by long-term survival.8,9 A more effective 
radiological approach involves TNM re-staging, which 
compares the baseline CT stage to the post-NAC pathological 
stage (downstaging). This method has been demonstrated 
to successfully stratify patients into distinct groups with 
different long-term survival rates and is recommended for 
routine clinical use.10 Pathological evaluation of the surgical 
specimen provides the most definitive assessment of treatment 
response. Key pathological indicators include pathological 
complete response (pCR) and graded histological regression 
(GHR). Achieving pCR after NAC is a promising prognostic 
factor, strongly correlated with significantly improved overall 
survival and disease-free survival compared to non-pCR 
patients.3,11 The survival benefit is particularly pronounced 
in patients who also achieve ypN0 status (no residual nodal 
disease).5 Furthermore, a GHR of ≥50% is considered 
a reliable criterion for predicting a favorable prognosis 
and can inform postoperative chemotherapy decisions.3 
The post-NAC pathological stage (ypTNM) and Lauren 
classification also serve as independent prognostic factors.3 
Indeed, response to NAC is widely considered the strongest 
independent predictor of survival after curative resection for 
gastric cancer.12

Given the inherent limitations of conventional radiological 
downsizing methods and the pressing need for more precise, 
non-invasive predictive tools, there is growing interest in 
integrating advanced computational approaches. Radiomics, 
a promising field, extracts high-dimensional quantitative 
features from standard medical images such as CT scans, 
which can capture subtle phenotypic characteristics of tumors 
not discernible by the naked eye.13,14 When combined with 
sophisticated machine learning algorithms, radiomics-based 
models have shown considerable promise in non-invasively 
predicting NAC response and survival, often with improved 
accuracy when integrated with clinical data.14,15 Furthermore, 
the rise of advanced machine learning algorithms, such as 
the Light Gradient Boosting Machine (LightGBM), provides 
a powerful framework for integrating and analyzing these 
complex, high-dimensional, multi-modal datasets. These 
models can uncover intricate, non-linear relationships 
between a multitude of features and the final treatment 
outcome, surpassing the limitations of traditional statistical 
methods.16-18  

Therefore, this study aims to develop and thoroughly 
validate a promising  predictive model using the LightGBM 
algorithm to accurately classify LAGC patients as responders 
or non-responders to the neoadjuvant FLOT protocol. By 
comprehensively integrating patient clinical, demographic, 
and laboratory data with quantitative features derived from 
pre-treatment CT scans, we seek to provide a novel, data-
driven tool. This tool is intended to improve personalized 
treatment decision-making, enhance risk stratification, and 
ultimately optimize the clinical management of LAGC.

METHODS

Ethics
The study was approved by the Adana City Training and 
Research Hospital Clinical Researches Ethics Committee 
(Date: 07.11.2024, Decision No: 220) and was conducted in 
accordance with the Declaration of Helsinki.

Study Design and Patient Cohorts
This retrospective analysis included a total of 163 consecutive 
patients with LAGC who received neoadjuvant FLOT 
chemotherapy followed by total or subtotal gastrectomy with 
D2 lymph node dissection. 

The inclusion criteria for the study were as follows: a diagnosis 
of LAGC, the availability of a pre-treatment (baseline) 
contrast-enhanced CT examination, and the receipt of the 
neoadjuvant FLOT protocol followed by surgical resection.

Patients were excluded if they did not complete the FLOT 
regimen (n=12), did not undergo surgical resection (n=10), or 
had CT examinations with insufficient image quality (n=20).

The final study population of 163 eligible patients was divided 
into two distinct cohorts:

Internal cohort: A total of 126 patients were used for 
model training and internal validation. The training cohort 
consisted of 46 responders and 54 non-responders, while the 
internal validation test cohort consisted of 10 non-responders 
and 16 responders.

External cohort: A total of 37 patients were used for 
independent external validation. This cohort consisted of 
18 responders and 19 non-responders. These patients met 
the inclusion criteria but their pre-treatment CT scans were 
performed at external imaging centers, providing a source of 
independent data for testing the model’s generalizability.

Data Collection and Preprocessing
Baseline assessments were conducted for all patients before 
the initiation of neoadjuvant therapy. Data were collected on 
patient age, gender, tumor grade, carcinoembryonic antigen 
(CEA) level, CA 19-9 level, albumin and hemoglobin levels, 
tumor location, dysphagia, vomiting, and weight loss.

The final pathological response was determined by a 
pathologist’s examination of the surgical specimen using the 
Ryan Tumor Regression Grade system (RRR). Patients were 
categorized into two groups for the purpose of this study: 
responders (partial or complete response, RRR=1) and non-
responders (no response, RRR=0).
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Radiomics Feature Extraction
Radiomics features were extracted from the pre-treatment 
contrast-enhanced CT scans. Tumor regions of interest 
(ROIs) were manually delineated by a single experienced 
gastroenterological surgeon on all relevant axial slices. It is 
important to note that a formal assessment of inter-observer 
and intra-observer variability was not conducted. To facilitate 
the feature extraction process, these delineated ROIs were 
used to create a binary mask for each image.

Prior to feature extraction, the CT images and corresponding 
masks were processed using the pyRadiomics open-source 
package (version 3.0). No image-specific preprocessing steps, 
such as intensity normalization or resampling, were applied.

A total of 101 radiomics features were extracted using the 
default settings of the pyRadiomics package. These features 
included:

•	 First-order statistics (e.g., Mean, Skewness, Kurtosis)

•	 Shape features

•	 Gray-Level Co-occurrence Matrix (GLCM) features

•	 Gray-Level Run-Length Matrix (GLRLM) features

•	 Gray-Level Size Zone Matrix (GLSZM) features

•	 Gray-Level Dependence Matrix (GLDM) features

These 101 radiomics features were then combined with the 11 
patient-specific clinical and laboratory biomarkers, creating a 
comprehensive feature set of 112 variables for model training 
and evaluation.

Feature Selection
To mitigate the risk of overfitting due to high dimensionality, 
we applied a feature selection step prior to model 
development. A classical recursive feature elimination (RFE) 
strategy was used, employing LightGBM as the base estimator 
to iteratively remove features with the lowest importance 
weights. The selection process was guided by cross-validation 
performance, and the procedure ultimately identified 21 
features (a combination of clinical biomarkers and radiomic 
descriptors) as the optimal subset for model training. These 
selected features were then used to construct the predictive 
models.

Predictive Model Development and Evaluation
A LightGBM model was trained on the internal cohort 
to classify patients as responders or non-responders. The 
model’s performance was evaluated using standard metrics, 
including:

Accuracy: The proportion of correctly classified patients.

AUC: The area under the receiver operating characteristic 
curve.

Recall: The ability of the model to correctly identify 
responders.

Precision: The proportion of positive identifications that 
were actually correct.

F1 score: The harmonic mean of precision and recall.

Feature importance was calculated to determine the relative 
influence of each variable on the model’s predictions. The 
final trained model was then applied to the independent 
external validation cohort to assess its generalizability.

RESULTS

Performance of the Predictive Models
After training, various machine learning models were 
evaluated on a dedicated test dataset. The LightGBM model 
demonstrated the highest overall performance, achieving an 
accuracy of 0.80 and an AUC of 0.7926. The model’s recall 
was 0.825, its precision was 0.8461, and its F1-score was 
0.8354. Performance metrics for all models are summarized 
in Table 1.

Feature Importance Analysis
Following training with the LightGBM method, a feature 
importance analysis was conducted to identify the most 
influential variables in the model’s decision-making process. 
The top five features, ranked by their importance scores, were 
albumin, CA 19-9, age, hemoglobin, and CEA. These are 
often clinically relevant markers, which add credibility to the 
model’s findings. Other features, including weight loss, grade, 
and several image diagnostics features, also showed some 
level of influence. The detailed feature importance scores are 
presented in Table 2.

External Validation Results
The pre-trained LightGBM model was then tested on the 
independent external validation dataset (n=37). The model 
achieved an accuracy of 0.5459, an AUC of 0.5409, a recall 
of 0.5312, and a precision of 0.5666. The F1-score was 0.5483. 

Table 1. Performance metrics of the models on the test dataset after training

Model Accuracy AUC Recall Prec. F1

Light gradient 
boosting machine 0.8 0.7926 0.825 0.8461 0.8354

Gradient boosting 
classifier 0.7538 0.7852 0.7875 0.8077 0.7975

Ada boost classifier 0.7308 0.736 0.7 0.8358 0.7619

Extreme gradient 
boosting 0.6538 0.7492 0.6625 0.7465 0.702

Extra trees classifier 0.5692 0.6652 0.5125 0.7069 0.5942

Decision tree 
classifier 0.5462 0.5562 0.5125 0.6721 0.5816

SVM-Linear Kernel 0.6308 0.5875 0.775 0.6739 0.7209

Logistic regression 0.6692 0.6812 0.775 0.7126 0.7425

K neighbors classifier 0.5692 0.6347 0.4375 0.7609 0.5556

Linear discriminant 
analysis 0.6462 0.6842 0.7 0.7179 0.7089

Quadratic 
discriminant analysis 0.6615 0.662 0.8 0.6957 0.7442

Dummy classifier 0.3846 0.5 0 0 0

Naive bayes 0.6615 0.7547 0.9 0.6667 0.766
AUC: Area under the curve
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DISCUSSION

The accurate prediction of pathological response to NAC is 
a critical step towards personalized medicine in LAGC. Our 
study aimed to address this challenge by developing a machine 
learning model, specifically a LightGBM classifier, which 
integrates both clinical and quantitative radiomic features 
from pre-treatment CT scans to predict treatment response 
to the neoadjuvant FLOT regimen. The model demonstrated 
promising predictive performance in internal validation, 
suggesting potential value of a multi-modal approach, 
though this was not replicated externally in identifying 
patients most likely to benefit from NAC.The prognostic 
significance of pathological response, particularly pCR and 
good histologic response, is well-established in gastric cancer 
literature, correlating strongly with improved long-term 
outcomes.19 However, conventional radiological response 
assessments, such as RECIST, often show poor consistency 
with pathological findings.20,21 Furthermore, their predictive 
value for overall survival can be limited.21 Our study bypasses 
this limitation by directly predicting pathological response, 
which is a more reliable prognostic marker. By identifying 
patients who will not respond to treatment preoperatively, 
our model could potentially guide clinicians to alternative 
strategies, such as upfront surgery or different neoadjuvant 
regimens, thereby avoiding unnecessary treatment toxicity 
and delaying definitive surgery.

The integration of radiomic features into our model proved 
to be highly effective. Radiomics allows for the extraction 
of high-dimensional, quantitative data from medical 
images that are imperceptible to the human eye, providing 
a “non-invasive biopsy” of the tumor’s phenotype and 

microenvironment.22 The fact that features such as mean 
intensity and zone variance were identified as important by 
our model highlights their potential as imaging biomarkers. 
Several studies have similarly demonstrated the power of 
radiomics in predicting treatment response and survival in 
gastric cancer, often outperforming traditional methods.20,23 

Moreover, our use of LightGBM, a powerful and efficient 
gradient-boosting framework, is also noteworthy. It is well-
suited for handling complex, high-dimensional data and has 
shown superior performance compared to other machine 
learning algorithms in similar predictive tasks.24

Our findings are consistent with previous reports suggesting 
that multi-modal, AI-driven approaches may have potential 
to may enhance precision medicine in oncology, although our 
failed external validation emphasizes that their clinical utility 
remains unproven.

For instance, recent studies have shown that machine learning 
models combining clinical data, radiomics, and even genomic 
biomarkers can accurately predict pathological response 
to both chemotherapy and immunotherapy in gastric 
cancer.24 This multi-omics approach represents a promising 
future direction for a more comprehensive understanding 
of tumor biology and patient-specific response. While our 
study focused on a single institution and a specific treatment 
regimen, the methodology provides a strong foundation for 
future research, including prospective, multicenter trials 
needed to validate the model’s clinical utility and establish its 
role in routine clinical practice.

A key methodological consideration in our study is the 
manual delineation of the tumor regions, which was 
performed by a single gastroenterological surgeon. The 
rationale for this approach was to develop a practical 
predictive tool specifically tailored for the primary 
treating physician in high-volume clinical settings, where 
the opportunity for extensive multidisciplinary council 
discussions on every patient may be limited. While this 
method benefits from expert clinical knowledge, it inherently 
introduces the potential for inter-observer and intra-observer 
variability. We acknowledge that a formal assessment of 
this variability was not conducted, which represents a 
limitation on the reproducibility and generalizability of 
our findings. This potential for inconsistency in radiomics 
feature extraction may have contributed to the performance 
discrepancy between our internal and external cohorts. 
This limitation highlights a critical area for future research, 
where the implementation of standardized, multi-reader 
delineation protocols or the development of robust automated 
segmentation algorithms could significantly improve 
reproducibility. For the present study, the manual delineation 
represents a potential source of bias, reinforcing the need for 
further validation with data from diverse institutions and 
standardized imaging workflows.

The notable decrease in predictive performance observed 
during the independent external validation, as evidenced 
by the drop in accuracy from 0.80 to 0.5459 and AUC from 
0.7926 to 0.5409, represents a critical challenge for the 
broader applicability of our model. This significant drop in 
predictive performance is a well-recognized issue in machine 
learning and is often attributed to several factors. The most 

Table 2. Feature importances for the LightGBM model after training

Feature Importance score

Albumin 0.1484

CA 19-9 0.1391

Age 0.1251

Hemoglobin 0.1158

CEA 0.1033

Weight loss 0.0420

Grade 0.0420

Robust mean absolute deviation (first-order) 0.0404

Mean intensity (image diagnostics) 0.0311

Zone variance (GLSZM) 0.0256

Skewness (first-order) 0.0241

Gray level non-uniformity normalized (GLRLM) 0.0218

Dependence non-uniformity normalized (GLDM) 0.0202

Gray level non-uniformity (GLRLM) 0.0186

Gray level non-uniformity (GLSZM) 0.0186

Tumor location 0.0186

Dependence variance (GLDM) 0.0171

Minimum intensity (first-order) 0.0163

Gender 0.0140

Kurtosis (first-order) 0.0093

Energy (first-order) 0.0085
LightGBM: Light Gradient Boosting Machine, CEA: Carcinoembryonic antigen



J Radiol Med. 2025;2(4):64-70
Radiomic and clinical prediction of FLOT response

Özdemir et al.

68

likely reason is that the external dataset of 37 patients is 
fundamentally different from the training cohort.

This could be due to differences in CT image acquisition 
protocols. Moreover, demographics, disease stage 
distribution, or comorbidities may affect the results. Radiomic 
features are highly sensitive to variations in image acquisition. 
Even subtle differences in the CT scanner manufacturer, 
model, slice thickness, reconstruction algorithm, or contrast 
injection protocol between the original institution and 
the source of the external dataset could lead to different 
feature values. This “batch effect” can severely degrade a 
model’s performance. Our model, trained on data from a 
single institution, may have learned patterns specific to that 
population and failed to generalize to the new, unseen cohort. 
Furthermore, the model may have overfit to the training 
data. While it performed well on the internal validation set, 
it might have learned noise or specific characteristics of the 
training data rather than true underlying biological signals. 
The external dataset then exposes this weakness, revealing 
that the model is not robust enough for a different population. 
Additionally, with only 37 patients in the external validation 
set, the performance metrics (accuracy, AUC, etc.) are highly 
susceptible to individual patient outcomes. This small sample 
size makes it difficult to draw a definitive conclusion about 
the model’s true performance on a larger, more representative 
external population. The reported values might not be a stable 
or reliable measure of the model’s capability.

A critical consideration in evaluating the generalizability 
of our predictive model is the relatively small size of the 
independent external validation cohort. While the inclusion 
of an external validation set is a significant strength of 
this study, a cohort of this size is inherently susceptible to 
individual patient variations, which can disproportionately 
influence performance metrics such as accuracy and AUC. 
This limited sample size complicates drawing definitive 
conclusions about the model’s true generalizability and robust 
performance across diverse populations. Consequently, these 
external validation results, while indicative, underscore the 
crucial need for further validation in significantly larger, 
multi-institutional, and prospectively collected cohorts to 
establish the model’s widespread clinical utility and broader 
applicability.

While acknowledged contributing factors include inherent 
dataset shift, variations in clinical practices, and potential 
overfitting to the internal cohort, this finding underscores 
the paramount importance of data harmonization. Moving 
forward, standardization of imaging protocols (e.g., scanner 
type, acquisition parameters, contrast injection timing) and 
detailed clinical definitions across different institutions will 
be crucial to mitigate these discrepancies. Furthermore, this 
finding strongly reinforces the necessity for larger, multi-
institutional, prospective studies, which are essential to 
thoroughly  validate the model’s generalizability, minimize 
the impact of small sample size variability, and establish its 
consistent clinical utility across diverse patient populations 
and healthcare settings. Such collaborative efforts will be 
fundamental in transitioning this promising predictive tool 
into routine clinical practice. While our model demonstrated 
robust performance within the internal cohort, its failure to 
replicate this success on the external dataset can be attributed 

to several factors. These likely include subtle but impactful 
differences in CT imaging protocols across institutions, 
variations in clinical practices, and inherent dataset shift. 

The feature importance analysis revealed that clinical 
variables such as albumin, CA 19-9, age, hemoglobin, and 
CEA were consistently ranked higher than most radiomic 
features. This pattern suggests that the predictive power of the 
model may be primarily driven by easily accessible clinical 
markers, with radiomics contributing minimally. While this 
does not reduce the potential role of radiomics, it highlights 
the need to systematically evaluate whether their integration 
provides significant incremental value over clinical features 
alone. Future work should include direct comparisons 
between models based solely on clinical data and those that 
integrate radiomic features, to determine the true added 
value of radiomics in predictive modeling for gastric cancer.

Limitations
This study has several key limitations. Its retrospective, 
single-center design may introduce selection bias and limit 
generalizability, and the relatively small sample size, 

increases the risk of overfitting. Manual segmentation by 
a single observer also represents a potential source of bias, 
as radiomics features are sensitive to variations in both 
delineation and imaging protocols. Future multicenter studies 
with larger cohorts, standardized imaging, and automated or 
multi-reader segmentation approaches are needed to improve 
reproducibility and validation.

Another limitation of our study is the absence of a formal 
intra-observer and inter-observer reliability analysis of 
manual tumor segmentation. The manual delineations 
were performed by a single experienced gastroenterological 
surgeon, which provided clinical expertise but potentially 
introduces the possibility of intra-observer variability. Since 
repeated segmentations by the same observer or a radiologist 
were not available, an intraclass correlation coefficient 
(ICC) analysis could not be performed. This methodological 
limitation underscores the need for future research 
employing standardized multi-reader protocols or automated 
segmentation tools, which could enhance reproducibility and 
minimize observer-related variability in radiomics studies.

Another limitation of our study is the absence of image 
preprocessing or harmonization across datasets. The external 
validation cohort included scans from multiple centers with 
varying scanners, acquisition parameters (slice thickness, 
kVp, mAs), and contrast protocols, but detailed parameter-
level information was not available for all patients. This 
heterogeneity likely contributed to the performance decline in 
external validation. While such variability reflects real-world 
clinical conditions, future studies should adopt standardized 
acquisition protocols or apply harmonization techniques (e.g., 
ComBat, intensity normalization) to improve reproducibility 
and generalizability of radiomics-based models.

A further methodological challenge concerns the 
generalizability of the selected features. Although we applied 
recursive feature elimination (RFE) with a LightGBM 
estimator and reduced the initial 112 features to 21, the 
external validation still showed a notable drop in accuracy 
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and AUC. This indicates that while feature selection reduced 
overfitting within the internal cohort, the chosen features 
may not have been sufficiently reliable across different 
institutions and imaging protocols. Future studies with 
larger, multi-institutional datasets and standardized imaging 
workflows are needed to validate the stability of selected 
features and improve reproducibility.

Furthermore, the predictive model is specific to the 
neoadjuvant FLOT regimen, and its applicability to other 
treatment protocols is not established. Lastly, while the 
LightGBM model is effective, its “black box” nature offers 
limited biological insight, suggesting a need for future studies 
that integrate radiomic findings with molecular data and 
confirm clinical utility through prospective trials.

CONCLUSION

This study explored the development of a LightGBM-based 
predictive model that showed potential in internal validation, 
but failed to generalize to an external cohort in classifying 
LAGC patients as responders or non-responders to 
neoadjuvant FLOT chemotherapy. These findings highlight 
both the opportunities and challenges of radiomics-based 
predictive modeling, and underscore the necessity of larger 
multicenter prospective validation before clinical application.
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ABSTRACT
Aims: This study aims to evaluate cerebellar atrophy findings in epilepsy patients using long-term antiepileptic drugs by 
calculating cerebellum/brain volume ratios with the Cavalieri principle and comparing this method with other volumetric 
measurement techniques.
Methods: A total of 30 patients diagnosed with epilepsy and receiving long-term phenytoin or carbamazepine treatment 
between January 2004 and May 2005, along with a control group of 15 individuals, were included in the study. Magnetic 
resonance imaging (MRI) was performed using a 0.2 Tesla open MRI system. Brain volumes and cerebellum/brain volume 
ratios were calculated using the point-counting method based on the Cavalieri principle.
Results: No statistically significant difference was found between the calculated volume values of the phenytoin, carbamazepine, 
and control groups (p>0.05). However, in one patient using phenytoin, the cerebellum volume was found to be significantly 
low, consistent with cerebellar atrophy. 
Conclusion: Larger studies are needed to determine whether long-term use of phenytoin and carbamazepine leads to cerebellar 
atrophy. The point-counting method based on the Cavalieri principle may offer a practical and applicable alternative for routine 
clinical use.
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INTRODUCTION

Epilepsy is one of the most common chronic neurological 
disorders affecting millions of people worldwide. 
Antiepileptic drugs (AEDs) form the cornerstone of epilepsy 
treatment; however, their long-term use has been associated 
with certain neurotoxic effects. Some studies suggest that 
AEDs, such as phenytoin and carbamazepine, may contribute 
to cerebellar atrophy (shrinkage of the cerebellum), leading 
to motor coordination deficits and balance issues. However, 
it remains unclear whether cerebellar atrophy is solely related 
to drug use or whether the frequency and duration of seizures 
also play a role.

The primary aim of this study is to assess the presence and 
degree of cerebellar atrophy in epilepsy patients on long-
term phenytoin and carbamazepine therapy. To achieve 

this, cerebellar volume and cerebellum-brain ratios were 
calculated using magnetic resonance imaging (MRI) 
combined with the Cavalier principle-based point-counting 
technique and compared to a control group. This study aims 
to objectively assess the effects of epilepsy medications on 
cerebellar volume and contribute to more reliable diagnostic 
methods in clinical practice. Furthermore, the findings may 
highlight the importance of personalized approaches in 
epilepsy treatment.

METHODS

Ethics
This article is derived from the medical specialty thesis of 
Dr. Mustafa Yalçın, conducted at Isparta Süleyman Demirel 
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University in 2005. All procedures were carried out in 
accordance with the ethical rules and the principles of the 
Declaration of Helsinki.

This retrospective study examines epilepsy patients who have 
been on phenytoin or carbamazepine therapy for at least 
five years. Individuals without other neurological disorders, 
metabolic conditions, or structural brain pathologies, and 
who had complete MRI scans, were included. A total of 45 
individuals participated: 15 on phenytoin therapy, 15 on 
carbamazepine therapy, and 15 healthy controls. Participants 
were matched for age, gender, and body-mass index (BMI).

Imaging Protocol
All patients and the control group underwent sagittal T1-
weighted MRI scans using a 0.2 Tesla open MRI system. A 
standard neuroimaging protocol was followed during the 
MRI scans. Head supports were used to standardize head 
positioning, and participants were instructed to remain 
still during the scan. Individuals with motion artifacts in 
their scans were excluded from the study. Additionally, all 
participants underwent a neurological examination prior to 
imaging and were assessed for signs of cerebellar dysfunction.

Volume Calculation and Applied Formulas
Cerebellum and brain volumes were calculated using the 
Cavalier principle-based point-counting method. The brain 
and cerebellum areas were analyzed across predefined slice 
intervals to obtain the total volumes. The point-counting 
method relies on counting the number of grid points that 
intersect the target region in each slice. The point-counting 
method based on the Cavalieri principle was applied (Figure 1).

The formula used for volume calculation is as follows: 
V=t×∑P×a(p)

Where:

•V=Volume (mm³)

•t=Slice thickness and slice interval (mm)

•P=Number of points in each slice

•a(p)=Area represented by each point (mm²)

This formula allows the volume estimate to account for the gap 
between slices and the total area calculated in each slice. The 
point-counting process involves determining the number of grid 
points in each slice that cover the cerebellum.

The cerebellum-brain volume ratio was calculated as: Ratio=V_
cerebellum/V_brain×100

This ratio was used as a comparative metric in cerebellar atrophy 
assessment and helped identify differences among patients.

Measurements were performed by two independent observers, 
and intra-observer and inter-observer reliability were assessed. 
Bland-Altman analysis was applied to determine statistical 
consistency.

Statistical Analysis
The data analyses were performed using SPSS 22.0 software. 
Volume differences between groups were analyzed using 
the Kruskal-Wallis test. Pairwise comparisons were made 
using the Mann-Whitney U test. The correlation between 
cerebellar volume and cerebellum-brain ratios was evaluated 
using Spearman correlation analysis. A p-value of <0.05 was 
considered statistically significant. Additionally, multivariate 
logistic regression analysis was conducted to control for the 
effects of age and gender.

RESULTS

Cerebral and cerebellar volumes, as well as cerebellum-to-brain 
volume ratios, were calculated in patients receiving phenytoin or 
carbamazepine and in healthy controls using the point-counting 
method based on the Cavalieri principle. The mean cerebellar 
and total brain volumes, along with cerebellum-to-brain ratios 
and standard deviations, are presented below. The calculated 
cerebellar and total brain volumes of patients receiving 
phenytoin are presented in Table 1.

Comparative analysis revealed no statistically significant 
differences in volume parameters among the phenytoin, 
carbamazepine, and control groups (p>0.05). However, one 

Figure 1. Random point grid superimposed on cross-sections for area 
estimation

Table 1. Calculated cerebellar and total brain volumes and cerebellum/brain 
ratios for phenytoin users

Patient Cerebellum 
volume (mm3)

Total brain 
volume (mm3)

Cerebellum/ 
brain ratio, (%)

1 165 1684 9.79

2 147 1287 11.43

3 133 1100 12.11

4 130 1308 9.96

5 123 1313 9.34

6 150 1349 11.16

7 137 1406 9.76

8 120 1195 10.05

9 125 1283 9.74

10 119 1135 10.51

11 96 1048 9.19

12 123 909 13.52

13 130 1135 11.46

14 155 1202 12.86

15 124 1082 11.46
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individual in the phenytoin group demonstrated a markedly 
reduced cerebellum-to-brain ratio (7.7%), the lowest observed 
across all cohorts and consistent with radiological evidence of 
atrophy. Visual inspection of MR images demonstrated widened 
cerebrospinal fluid spaces consistent with cerebellar atrophy. 
Corresponding values for carbamazepine users are shown in 
Table 2.

No statistically significant differences were found between 
the carbamazepine group and either the phenytoin or control 
groups (p>0.05). Group comparisons of cerebellar volume, 
brain volume, and cerebellum-to-brain ratio are summarized in 
Figure 2.

Comparison of cerebellar volume, total brain volume, and 
cerebellum-to-brain ratio among the study groups. The 
chart displays mean values±standard deviations for each 
parameter across the phenytoin group, carbamazepine group, 
and healthy controls. While total and regional brain volumes 
differ among groups, the cerebellum-to-brain volume ratio 
remains relatively stable, indicating proportional preservation 
despite overall volumetric variations.

There were no statistically significant differences among 
groups in cerebellum-to-brain volume ratios (p>0.05).

Cerebellar atrophy is a frequent finding in chronic epilepsy 
patients and has been associated with long-term phenytoin 
usage. Multiple pathophysiological mechanisms have 
been proposed, including direct toxicity to Purkinje cells, 
degeneration of cerebellar afferent pathways, and seizures 
themselves leading to hypoxia-induced injury. Some 
studies suggest a synergistic role of genetics in increasing 
susceptibility to these effects.1-3

Imaging modalities such as CT, MRI, MR volumetry, MR 
spectroscopy, and diffusion tensor imaging have all been used 
to assess cerebellar atrophy.4-7 Notably, cerebellar atrophy is 
considered a marker of poor prognosis in epilepsy and may 
influence surgical decision-making, including temporal 
lobectomy.8,9

In our study, no significant differences were observed 
between the phenytoin, carbamazepine, and control groups. 
However, one subject on phenytoin therapy exhibited both 
a reduced cerebellum/brain volume ratio and radiological 
signs of cerebellar atrophy, in the absence of confounding 
variables. This supports the potential of phenytoin to induce 
isolated cases of cerebellar atrophy, in line with previous 
literature.10-13

Multivariate logistic regression analysis, adjusted for age 
and gender, showed no significant association between 
antiepileptic drug type (phenytoin vs. carbamazepine) and 
cerebellum-to-brain volume ratio (p>0.05). Similarly, neither 
age nor gender independently predicted cerebellar volume 
reduction in this cohort.

Carbamazepine showed no such effect, aligning with prior 
findings that it does not independently cause cerebellar 
atrophy, although caution is advised in patients with pre-
existing cerebellar degeneration.8-14

Our results reinforce the utility of the Cavalieri principle in 
delivering reliable volumetric assessments, with coefficients 
of error remaining below 5% in all cases. The technique offers 
a cost-effective, efficient alternative for tracking volumetric 
changes in neurological patients.

An important limitation of the present study is the relatively 
small sample size (n=45). This limited number of participants 
reduces the statistical power of the analyses and may have 
obscured subtle volumetric differences among the groups. 
Therefore, the absence of significant findings should be 
interpreted with caution. Larger, prospective, multicenter 
studies are warranted to provide more definitive conclusions.

DISCUSSION

This study aimed to evaluate the effects of commonly used 
AEDs, phenytoin and carbamazepine, on cerebellar volume. 
The results revealed no statistically significant difference 
between groups. However, cerebellar atrophy was detected in 
a phenytoin user, indicating potential long-term neurotoxic 
effects of phenytoin. The outlier case with a markedly low 

Table 2. Cerebellar and brain volumes and their ratios for carbamazepine 
users

Patient Cerebellum 
volume (mm3)

Total brain 
volume (mm3)

Cerebellum/
brain ratio (%)

1 132 1119 11.80

2 119 1156 10.32

3 118 1134 10.44

4 140 1153 12.14

5 138 1390 9.94

6 134 1218 10.99

7 127 1097 11.55

8 123 1230 9.98

9 131 1221 10.71

10 123 1101 11.00

11 121 1165 10.41

12 105 1254 8.37

13 94 853 11 03

14 101 1028 9.81

15 107 1050 10.17

Figure 2. Mean cerebellar and brain volumes, and cerebellum/brain volume 
ratios with standard deviations across groups
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cerebellum-to-brain ratio (Table 1) supports the potential for 
phenytoin-related neurotoxicity.

Previous studies have shown that phenytoin use may 
contribute to dose-dependent cerebellar atrophy. Long-term 
phenytoin use can lead to Purkinje cell loss, significantly 
reducing cerebellar volume. Animal studies suggest that 
phenytoin may trigger neuronal degeneration by increasing 
oxidative stress levels. Human studies have reported that 
neurodegenerative effects are dose-dependent.

Cerebellar atrophy in epilepsy patients may not solely be due 
to medication use; the frequency and duration of seizures 
could also play a significant role. Chronic seizure activity 
may lead to neuronal loss in cerebellar structures through 
hypoxia and inflammation. Some studies suggest that 
although cerebellar volume reduction is observed in epilepsy 
patients, these changes may be more strongly associated with 
drug effects rather than seizure frequency.

In this study, the Cavalier principle-based point-counting 
technique was used for cerebellar volume assessment. This 
technique provides more precise volume measurements 
compared to manual or visual evaluations. Both phenytoin 
and carbamazepine users were analyzed separately 
and compared with the control group, enabling a more 
comprehensive evaluation of the effects of different drugs on 
cerebellar structures. The analysis of patients who have been 
on AEDs for at least five years is crucial for determining the 
long-term neurological effects of these medications.

When comparing our findings to the existing literature, some 
inconsistencies were noted. For instance, earlier research 
has demonstrated cerebellar volume loss associated with 
long-term phenytoin use, although our findings did not 
show a statistically significant difference among groups. 
This discrepancy may be due to sample size, MRI resolution, 
and individual patient variability. Other studies have also 
examined the effects of multiple AEDs on cerebellar volume, 
with carbamazepine being suggested to have less neurotoxic 
effect.

Recent evidence has reinforced the association between long-
term antiepileptic drug exposure and cerebellar structural 
alterations. Prolonged use of phenytoin has been linked to 
irreversible cerebellar damage, particularly due to Purkinje 
cell vulnerability.15 Mechanistic pathways underlying 
chronic drug exposure and cerebellar degeneration have 
also been described.16 From a methodological standpoint, 
normative modeling approaches have been introduced to 
improve volumetric MRI biomarkers, thereby enhancing 
sensitivity in heterogeneous epilepsy cohorts.17 Furthermore, 
structural and functional cerebellar abnormalities have been 
demonstrated in temporal lobe epilepsy using volumetric, 
diffusion, and connectivity-based analyses.18 A systematic 
review additionally emphasized that phenytoin exposure, 
poor seizure control, and long disease duration remain 
consistent risk factors for cerebellar degeneration.19 Taken 
together, these contemporary findings suggest that our results 
should be interpreted within the context of technological 
advances and larger datasets that have emerged since the 
time of data collection. Although the use of a low-field MRI 

scanner and limited sample size may have prevented the 
detection of subtle changes, the Cavalieri principle remains 
a valuable volumetric method that can complement modern 
imaging approaches.

The use of a low-field MRI scanner in our study may have 
limited the detection of subtle morphological changes. Future 
studies using high-field MRI systems could provide clearer 
insights into the relationship between cerebellar atrophy 
and AED use. Moreover, long-term prospective studies are 
needed to assess the progressive nature of cerebellar atrophy 
over time.

Another limitation of this study is the sample size. Larger, 
multicenter studies would improve the generalizability of the 
findings. Furthermore, future research should consider the 
detailed neurological histories of patients, including seizure 
type and duration, to evaluate their effects on cerebellar 
atrophy more comprehensively. Genetic factors may also 
contribute to cerebellar atrophy in epilepsy patients, and 
pharmacogenetic studies could help identify individuals 
more susceptible to phenytoin’s neurotoxic effects.

Limitations
A major limitation of our study is that the data were 
collected nearly two decades ago using low-field MRI 
technology. Since then, substantial progress has been made 
in neuroimaging, including automated volumetric methods, 
radiomics, and ultra–high-field (7T) MRI, which enable 
more sensitive and reliable assessment of subtle volumetric 
changes. Nevertheless, by applying the Cavalieri principle 
to this historical dataset, our study provides methodological 
insights that remain relevant, especially for centers where 
advanced imaging resources are limited. When considered in 
the context of more recent investigations,15,16,18 our findings 
underscore the need for large-scale, prospective studies to 
confirm the long-term neurotoxic effects of phenytoin and to 
further elucidate the role of the cerebellum in epilepsy.

Although there is strong evidence supporting phenytoin’s 
neurotoxic effects, the absence of cerebellar atrophy in some 
patients suggests that individual genetic and metabolic 
differences may play a role. Future research focusing on 
pharmacogenetics could help identify patients at higher 
risk for neurological side effects and enhance personalized 
epilepsy treatment. As this study is retrospective, long-term 
prospective follow-up studies are needed to evaluate the 
The retrospective nature of our study constitutes another 
limitation, as it prevents us from establishing causal 
relationships and from monitoring progressive changes over 
time. Prospective, longitudinal follow-up studies would 
be more suitable for clarifying the temporal relationship 
between long-term antiepileptic drug exposure and cerebellar 
atrophy. Progressive nature of cerebellar atrophy over time.

CONCLUSION

The Cavalier principle-based point-counting technique is an 
objective and feasible method for assessing cerebellar atrophy 
in epilepsy patients. However, further large-scale, long-term 
studies using high-field MRI scanners are necessary to clarify 
the relationship between AED use and cerebellar atrophy. 
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Future research should also examine the effects of seizure 
duration and frequency on cerebellar atrophy. Personalized 
drug selection and seizure management are critical strategies 
for minimizing cerebellar degeneration in epilepsy patients.

Finally, it should be acknowledged that this study was 
conducted nearly 20 years ago using a low-field MRI scanner, 
which limits its applicability to current clinical practice. 
Advances in high-field MRI, automated volumetry, and 
radiomics now provide superior methods for assessing 
cerebellar atrophy. Nonetheless, our findings demonstrate 
the feasibility and reproducibility of the Cavalieri principle 
and emphasize the importance of historical data in shaping 
contemporary research directions.

This study demonstrated that long-term use of phenytoin 
and carbamazepine did not result in statistically significant 
differences in cerebellar or total brain volumes when 
compared to healthy controls. However, an isolated case 
of cerebellar atrophy was observed in a patient receiving 
phenytoin, suggesting that individual susceptibility or drug-
specific neurotoxic effects may still play a role. The Cavalieri 
principle-based point-counting method proved to be a 
reliable and practical approach for volumetric assessment, 
with low measurement error and consistent reproducibility. 
While our findings do not support a generalized association 
between long-term carbamazepine or phenytoin use and 
cerebellar volume reduction, they highlight the importance of 
monitoring individual patients for potential neuroanatomical 
changes. Larger, prospective, and high-resolution imaging 
studies are warranted to clarify the long-term neurological 
effects of AEDs and to further evaluate the contribution of 
seizure frequency, genetic predisposition, and treatment 
duration. Personalized treatment strategies remain essential 
in minimizing neurological side effects and optimizing 
outcomes in patients with chronic epilepsy.

Another limitation of our study is the use of a low-field 
(0.2 Tesla) MRI scanner, which inherently restricts spatial 
resolution and sensitivity to subtle volumetric alterations. 
This technical limitation may have reduced the ability to 
detect mild degrees of cerebellar or cerebral volume loss. 
Future investigations should utilize high-field MRI systems 
(≥1.5 Tesla or 3 Tesla), which provide superior image quality 
and volumetric precision.
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ABSTRACT
Aims: This study aims to radiologically evaluate the impact of chronic obstructive pulmonary disease (COPD) on the 
diameter of the AsAo in individuals diagnosed with hypertension and to assess potential structural effects of COPD on the 
cardiovascular system.
Methods: This retrospective cross-sectional study was conducted at Yozgat Bozok University Research and Training Hospital. 
Clinical and radiological data of 60 hypertensive individuals who underwent thoracic computed tomography (CT) between 
January 1, 2023, and June 1, 2025, were analyzed. Participants were divided into two groups based on the presence or absence 
of a COPD diagnosis. AsAo and aortic arch (Arcus Ao) diameters were measured from CT images. Clinical variables, 
comorbidities, and lipid profiles were statistically evaluated.
Results: The mean age of participants was significantly higher in the COPD group (73.8±7.92 years) compared to the control 
group (67.93±12.59 years) (p=0.036). The mean AsAo diameter was 40.40±4.90 mm in the COPD group and 36.01±3.79 mm in 
the control group, revealing a statistically significant difference (p=0.00028). No significant difference was found between the 
groups regarding Arcus Ao diameter (p=0.103). Among lipid parameters, there were no significant differences in HDL, LDL, or 
total cholesterol levels; however, triglyceride levels showed a trend toward significance (p=0.069). 
Conclusion: The findings suggest that COPD is not merely a respiratory condition but also a systemic disease with notable 
vascular implications. The significant increase in AsAo diameter in the COPD group may be attributed to chronic inflammation, 
endothelial dysfunction, and degeneration of elastic fibers associated with the disease. The absence of a significant difference 
in Arcus Ao diameter may be related to the anatomically stable structure of this segment. The higher comorbidity burden and 
older age observed in COPD patients further support the systemic nature of the disease. Therefore, COPD should be regarded 
as a potential vascular risk modifier to be considered in hypertensive individuals.
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INTRODUCTION

Hypertension (HT) is recognized as one of the leading 
causes of cardiovascular morbidity and mortality worldwide. 
According to the 2018 guidelines jointly issued by the 
European Society of Cardiology (ESC) and the European 
Society of Hypertension (ESH), HT is defined as a systolic 
blood pressure ≥140 mmHg and/or a diastolic blood pressure 
≥90 mmHg.1 Over time, HT may lead to degeneration of 
elastic fibers and accumulation of collagen in the aortic wall, 
resulting in structural changes—particularly in the ascending 

aorta—which can ultimately cause aortic dilatation. This 
pathological process increases the risk of life-threatening 
complications such as aortic dissection and rupture.2

A meta-analysis has reported the prevalence of proximal 
aortic dilatation in hypertensive individuals to range between 
6.1% and 19%.2 Furthermore, a Mendelian randomization 
study revealed that genetically predicted increases in systolic 
and diastolic blood pressure were significantly associated 
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with greater ascending thoracic aorta diameter.3 This finding 
highlights the pronounced effect of HT on aortic morphology. 
A 2025 position paper also emphasized that HT may lead 
to remodeling of the proximal aortic wall, which is closely 
linked to clinically significant outcomes such as dissection 
and aneurysm formation.4

Chronic obstructive pulmonary disease (COPD), particularly 
in individuals with emphysematous phenotype, can also 
contribute to structural changes in the aortic wall. This is 
primarily due to systemic inflammation, oxidative stress, 
and increased proteolytic enzyme activity, which together 
result in elastic fiber loss and vascular remodeling.5 In the 
large-scale, multi-center MESA (Multi-Ethnic Study of 
Atherosclerosis) study conducted in 2021, individuals with 
COPD were shown to have significantly larger ascending 
aortic diameters compared to those without the disease.5

The coexistence of COPD and HT is commonly observed in 
clinical practice. A large cohort study covering the years 1999 
to 2018 reported a HT prevalence of 58.5% among individuals 
with COPD, with a particularly higher rate among adults 
under 60 years of age and heavy smokers.6 In addition, 
frequently observed features in COPD—such as arterial 
stiffness, endothelial dysfunction, and increased pulmonary 
vascular resistance—may contribute to a compounded 
cardiovascular burden through parallel dysfunctions in both 
systemic and pulmonary vascular systems.8

The coexistence of HT and COPD may serve as a dual risk 
factor for ascending aortic dilatation. In a retrospective study 
on individuals with COPD, the prevalence of aortic aneurysm 
was reported as 14.3%, and 56% of those affected also had 
HT.7 Nevertheless, studies specifically focusing on the impact 
of COPD on ascending aortic diameter in hypertensive 
individuals remain limited. Given the high likelihood of 
coexistence between COPD and cardiovascular disease—and 
the potential for more severe clinical outcomes—exploring 
this relationship in greater detail is essential for effective 
cardiovascular risk management.9

Recent radiological and prospective studies have 
demonstrated that COPD can lead to systemic vascular 
effects beyond the pulmonary system, such as increased 
aortic inflammation and arterial sclerosis.10 Moreover, 
systemic inflammation, hyperinflation, and intrathoracic 
pressure changes associated with COPD may increase wall 
stress in large vessels, including the ascending aorta, thereby 
promoting dilatation.5 Population-based imaging studies 
have further shown that advanced age, male sex, smoking, 
dyslipidemia, and obesity are significantly associated 
with age-related vascular remodeling processes and with 
ascending aortic enlargement.11,12

In this context, radiological evaluation of the effect of COPD 
on ascending aortic diameter in individuals diagnosed 
with HT may enhance our understanding of the combined 
impact of HT and respiratory disease on aortic morphology. 
Furthermore, it may contribute to the development of more 
personalized and targeted cardiovascular risk stratification 
strategies by incorporating individual risk factors.13,14

METHODS

Ethics
The study was conducted with the approval of the Non-
interventional Clinical Researches Ethics Committee 
of Yozgat Bozok University Faculty of Medicine 
(Date: 02.07.2025, Decision No: 2025-GOKAEK-
2513_2025.07.02_540). All procedures were carried out 
in accordance with the ethical rules and the principles of 
the Declaration of Helsinki. As a retrospective study, no 
diagnostic or therapeutic intervention was made in the course 
of patient care, and all data were obtained from existing 
clinical and radiological records.

Study Design and Participants
This study aimed to radiologically evaluate the impact 
of COPD on ascending aortic diameter in hypertensive 
individuals who presented to the Radiology, Pulmonology, 
and Cardiology departments of Yozgat Bozok University 
Research and Training Hospital. The study was based on 
clinical and radiological evaluations performed between 
January 1, 2023, and June 1, 2025.

The study sample consisted of individuals diagnosed with 
HT who had undergone thoracic CT. Participants were 
categorized into two groups based on the presence or 
absence of a clinical diagnosis of COPD. Only individuals 
aged 18 years and older were included. Patients with active 
infections, malignancies, systemic connective tissue diseases, 
a history of immunosuppressive therapy, or current use of 
pharmacological agents that could affect immune function 
were excluded.

Imaging Protocol
Measurements of the AsAo diameter were retrospectively 
evaluated using thoracic CT images obtained for clinical 
indications. CT scans were performed with a Philips Brilliance 
64 Slice CT scanner using a thoracic protocol with 1-mm slice 
thickness, 120–80 kV, and 180 mAs dose modulation, and 
were acquired without contrast. All scans were performed 
with ECG gating. Individuals with available imaging were 
included in the study. Measurements were performed using 
standard techniques at the level of the pulmonary artery 
bifurcation, with the maximum anteroposterior diameter on 
the axial plane taken as the reference. All measurements were 
independently conducted by a cardiovascular surgeon and a 
radiologist, both with clinical and radiological experience, 
and no significant interobserver variability was observed 
between the measurements.

Clinical and Demographic Data
Data were retrieved digitally through the hospital 
information management system (HIMS). Systematic 
records were collected for all participants, including age, sex, 
smoking status, and cardiovascular risk factors such as HT, 
diabetes mellitus (DM), dyslipidemia, obesity, and family 
history. In addition to clinical data, laboratory parameters 
were reviewed; however, the primary focus of the study was to 
examine the relationship between radiological measurements 
and accompanying clinical variables.
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Statistical Analysis

The data analyses were performed using IBM SPSS Statistics 
for Windows, Version 22.0 (IBM Corp., Armonk, NY, USA). 
Continuous variables were presented as mean±standard 
deviation (SD), and categorical variables as numbers and 
percentages (%). The distribution of variables was assessed 
using the Kolmogorov-Smirnov test. Independent samples 
t-test was used to compare normally distributed groups, while 
the Mann-Whitney U test was applied for non-normally 
distributed data. Categorical variables were analyzed using 
the Chi-square test. Pearson or Spearman correlation tests 
were employed to assess the relationship between the presence 
of COPD, ascending aortic diameter, and cardiometabolic 
risk factors. A p-value <0.05 was considered statistically 
significant.

RESULTS

Of the 60 individuals included in the study, 51.7% (n=31) were 
male and 48.3% (n=29) were female, indicating a relatively 
balanced gender distribution. No statistically significant 
difference was observed between the groups in terms of 
gender (p=1.000). The participants’ ages ranged from 38 to 92 
years. The mean age in the COPD group was 73.8±7.92 years, 
whereas it was 67.93±12.59 years in the non-COPD group. The 
independent samples t-test revealed a statistically significant 
age difference between the groups (p=0.036, p<0.05).

When evaluating comorbidities among participants, DM was 
the most commonly observed condition. DM was present in 
43.3% of the cohort, while heart failure (HF) was identified in 
13.3% of individuals.

Lipid parameters were compared between individuals with 
and without COPD. The mean HDL cholesterol level was 
45.96±11.55 mg/dl in the COPD group and 42.31±11.67 mg/
dl in the control group. LDL levels were 97.76±32.45 mg/dl 
and 110.09±40.12 mg/dl, respectively. The mean triglyceride 
levels were 128.83±60.03 mg/dl in the COPD group and 
159.63±68.50 mg/dl in the non-COPD group. Total cholesterol 
was measured at 167.65±37.24 mg/dl and 184.35±49.42 mg/dl, 
respectively. According to independent samples t-tests, there 
were no statistically significant differences in HDL (p=0.229), 
LDL (p=0.195), triglyceride (p=0.069), or total cholesterol 
(p=0.145) levels between the groups (p>0.05) (Table 1).

The AsAo diameter was compared between individuals with 
and without a diagnosis of COPD. In the COPD group, the 
mean AsAo diameter was measured as 40.40±4.90 mm, 
whereas in the non-COPD group it was 36.01±3.79 mm. This 
difference was evaluated using the independent Samples t-test 
and was found to be statistically significant (p=0.00028) 
(Figure, Table 2).

In this study, the diameter of the Arcus Ao was compared 
between individuals with and without a diagnosis of COPD. 
The mean Arcus Ao diameter in the COPD group was 
calculated as 32.32±3.48 mm, whereas in the non-COPD 
group it was 30.89±3.20 mm. The statistical significance of 
this difference was evaluated using an independent Samples 
t-test, yielding a p-value of 0.103 (Table 3).

DISCUSSION

Among the 60 individuals included in this study, 51.7% (n=31) 
were male and 48.3% (n=29) were female. No statistically 
significant difference was found in gender distribution 
between those with and without COPD (p=1.000), indicating 
that gender was not a significant determinant of COPD 
status in this sample. However, previous literature widely 
recognizes male sex as a risk factor for the development of 
COPD.14 Furthermore, studies have shown that ascending 
aortic diameters are significantly greater in men than in 
women.12 In our study, due to the relatively balanced gender 
distribution, the effect of gender on outcomes was not 
prominently observed.13

Participants’ ages ranged from 38 to 92 years. The mean age 
was 73.8±7.92 years in the hypertensive group with COPD 
and 67.93±12.59 years in the group without COPD. The age 

Table 1. Comparison of lipid profiles

Parameter COPD (+) 
mean±SD

COPD (−) 
Mean±SD p-value

HDL (mg/dl) 45.96±11.55 42.31±11.67 0.229

LDL (mg/dl) 97.76±32.45 110.09±40.12 0.195

Triglycerides (mg/dl) 128.83±60.03 159.63±68.50 0.069

Total cholesterol (mg/dl) 167.65±37.24 184.35±49.42 0.145
HDL: High-density lipoprotein, LDL: Low-density lipoprotein, SD: Standard deviation,                             
COPD: Chronic obstructive pulmonary disease

With COPD Without COPD
Figure. Comparison of ascending aortic diameter based on the presence of 
COPD
COPD: Chronic obstructive pulmonary disease

Table 2. Comparison of ascending aortic diameter (AsAo)

Group AsAo diameter (mm)±SD p-value

COPD present 40.40±4.90 0.00028

COPD absent 36.01±3.79 0.00028
COPD: Chronic obstructive pulmonary disease, AsAo: Ascending aorta, SD: Standard deviation

Table 3. Comparison of AsAo and aortic arch diameters by COPD group

Aortic segment COPD present 
(mm)±SD

COPD absent 
(mm)±SD p-value Statistical 

significance

AsAo 40.40±4.90 36.01±3.79 0.00028 Significant 
(p<0.05)

Aortic arch 
(Arcus Ao) 32.32±3.48 30.89±3.20 0.103

Not 
significant 
(p>0.05)

COPD: Chronic obstructive pulmonary disease, AsAo: Ascending aorta, Arcus Ao: Aortic arch,           
SD: Standard deviation
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difference between the groups was statistically significant 
(p=0.036), suggesting that individuals diagnosed with 
COPD were older, and that age may play a key role in the 
development of COPD.6 Piccari et al.8 reported that age is 
not only associated with COPD but also with cardiovascular 
complications. Similarly, Guo et al.13 highlighted a significant 
relationship between age and AsAo diameter, underscoring 
age-related vascular changes.

In the assessment of comorbidities among hypertensive 
individuals, DM was the most frequently reported condition, 
with a notable proportion of COPD patients also having DM. 
Additional comorbidities included congestive HF, asthma, 
coronary artery disease, hypothyroidism, benign prostatic 
hyperplasia, and chronic kidney disease. The higher number 
of comorbidities observed in the COPD group likely reflects 
the systemic inflammatory burden of COPD, which can 
affect multiple organ systems. These findings are in line with 
those of Ando et al.,7 who reported frequent co-occurrence 
of aortic aneurysm, HT, and HF in COPD patients. Polman 
et al.9 also described a strong association between COPD and 
cardiometabolic disorders. Piccari et al.8 further emphasized 
that vascular dysfunction in COPD may contribute to the 
overall comorbidity burden.

Regarding lipid profiles, no statistically significant differences 
were observed between groups in HDL, LDL, or triglyceride 
levels. In the COPD group, mean HDL was 45.96±11.55 
mg/dl, LDL was 97.76±32.45 mg/dl, and triglycerides 
were 128.83±60.03 mg/dl. In the non-COPD group, these 
values were 42.31±11.67 mg/dl, 110.09±40.12 mg/dl, and 
159.63±68.50 mg/dl, respectively. A borderline significance 
was observed for triglyceride levels (p=0.069), which may 
indicate a clinical tendency toward dyslipidemia in COPD. 
Polman et al.9 pointed to the high prevalence of metabolic 
syndrome among individuals with COPD. Fisk et al.10 

proposed that vascular inflammation and atherosclerotic 
mechanisms contribute to dyslipidemia in COPD. Labaki 
et al.24 also demonstrated that CT imaging can help 
identify dyslipidemia and other chronic diseases in COPD. 
Nonetheless, some studies have reported inconclusive effects 
of COPD on lipid profiles.25

When examining the AsAo, the diameter was significantly 
greater in individuals with COPD (40.40±4.90 mm) compared 
to those without COPD (36.01±3.79 mm) (p=0.00028). This 
suggests that COPD may contribute to ascending aortic 
dilatation. Known mechanisms in COPD, such as chronic 
hypoxemia, oxidative stress, endothelial dysfunction, 
and elastic fiber degeneration, may promote vascular 
remodeling.5,8,14 Fujikura et al.5 observed that thoracic aortic 
diameters are notably larger in individuals with COPD, 
potentially due to emphysematous lung changes. Xiong et al.15 

reported similar findings for abdominal aortic enlargement 
in COPD. Ng et al.16 proposed that the pulmonary artery-to-
aorta ratio may serve as an indicator of vascular alterations 
in COPD.

Regarding the Arcus Ao, the average diameter was 32.32±3.48 
mm in the COPD group and 30.89±3.20 mm in the non-
COPD group. However, the difference was not statistically 
significant (p=0.103). This suggests that the Arcus Ao may 
be less affected by COPD-related changes. Anatomically, the 

aortic arch is more stable and may carry less hemodynamic 
burden compared to the AsAo.12,14,17 Hatemi et al.14 found 
generalized aortic dilatation in individuals with COPD, but 
the changes were most prominent in the ascending segment. 
Similarly, Mensel et al.12 noted that Arcus Ao diameter is 
relatively stable despite age and other risk factors.

The overall findings of this study support the concept that 
COPD is not only a pulmonary disease but also a systemic 
and cardiovascular condition. In particular, the observed 
increase in AsAo diameter may reflect the vascular burden 
imposed by COPD. Additionally, studies have shown that the 
pulmonary artery-to-aorta ratio is associated with right heart 
function, underscoring the value of vascular imaging in this 
population.19,23 Labaki24 and Rueda-Ochoa et al.25 have clearly 
demonstrated associations between thoracic aortic diameter 
and both cardiovascular events and mortality.

Limitations
This study has several limitations. First, its retrospective 
design and relatively small sample size limit the 
generalizability of the results. In addition, the absence of 
longitudinal follow-up data and the inability to account for 
potential confounding factors such as smoking pack-years 
and medication use should be considered when interpreting 
the findings. Future prospective studies with larger cohorts 
are warranted to validate these results and to determine 
whether COPD should be incorporated into cardiovascular 
risk stratification models for hypertensive patients. In 
conclusion, the coexistence of COPD and HT should be 
carefully evaluated in terms of their effects on cardiovascular 
structures, and multidisciplinary follow-up strategies should 
be developed for these individuals.

CONCLUSION

In hypertensive individuals, the presence of COPD appears 
to negatively affect cardiovascular structures, particularly 
through the significant enlargement observed in the 
ascending aorta. This finding underscores that COPD is not 
solely a respiratory disease, but rather a systemic condition 
with notable vascular implications. The absence of a 
significant difference Arcus Ao diameter may be attributed 
to the anatomically more stable nature of this segment. 
Continued radiological monitoring and a multidisciplinary 
approach are essential in individuals with COPD for the early 
detection of potential cardiovascular complications and for 
improving clinical outcomes.
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ABSTRACT
Radiology is one of the key departments in healthcare services. To provide effective healthcare to patients, solutions must be 
developed for the problems in the radiology system. In Turkiye, the demand for radiology is increasing at a rate above the 
global average. The Turkish healthcare system, which lacks an adequate number of radiology specialists, faces a significant 
increase in workload. In Turkiye, there are 5 radiologists per 100.000 people, which is below the average of developed countries. 
According to a 2022 report by the Republic of Turkey’s Ministry of Health, there are 295 computed tomography (CT) scans and 
207 magnetic resonance imaging (MRI) scans performed per 1.000 people. When compared to organisation for economic co-
operation and development (OECD) countries, Turkiye ranks first in the number of radiological examinations per capita. The 
increasing number of examinations means a higher workload for radiologists. Health policies aim to address these issues, but 
sufficient progress has not yet been achieved. In this review, we will attempt to identify the causes of this situation and propose 
solutions.
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INTRODUCTION

Turkiye’s growing population, increasing hospital admissions, 
efforts to provide healthcare services to more people, and 
rising healthcare investments are among the main reasons 
for the increase in radiological examinations. Additionally, 
clinicians’ concerns about malpractice have increased the 
need and number of imaging studies. Recently, the time 
allocated per patient has significantly decreased, which is 
seen as the biggest obstacle to detailed patient evaluation. For 
all these reasons, the number of radiological examinations is 
progressively increasing under current conditions.

METHODS

Statistical data obtained from the databases of official 
institutions in Turkiye and worldwide were retrospectively 
analyzed. A literature review was conducted on education, 
healthcare services, and current operations in Turkiye and 
other countries.

FINDINGS

Healthcare services in Turkiye are provided by both public 
and private sectors. Until January 25, 2025, healthcare services 
obtained from public institutions were free of charge except 

for a $0.20 copayment. In 2022, there were 1.555 hospitals 
nationwide. Of these, 915 belonged to the Ministry of Health, 
68 to universities, and 572 to the private sector. Healthcare 
services are primarily provided by institutions affiliated with 
the Ministry of Health. The facilitation of access to healthcare 
services by the government led to a significant increase in 
hospital admissions. The number of hospital admissions per 
capita was recorded as 4.5 in Ministry of Health institutions, 
0.5 in universities, and 0.9 in the private sector.

According to the 2022 report, of the total 973 magnetic 
resonance imaging (MRI) devices, 480 were in the private 
sector, 379 in the Ministry of Health, and 114 in university 
hospitals. Similarly, of the total 1.331 computed tomography 
(CT) devices, 545 were in the private sector, 636 in the 
Ministry of Health, and 150 in university hospitals. 
Additionally, of the total 6.255 ultrasonography (USG) 
devices, 2.431 were in the private sector, 2.715 in the Ministry 
of Health, and 1.109 in university hospitals.1

Basic medical education in Turkiye lasts 6 years. Basic 
radiology training generally varies and is typically in the 
form of 1-2 week seminars. In some educational institutions, 
radiology rotations are not included in the curriculum. In 
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such cases, newly graduated physicians request unnecessary 
and incorrect examinations without awareness of radiological 
tests.

Radiology specialty training is generally provided by different 
institutions worldwide. As shown in a study conducted in 17 
countries, it is provided by local hospitals (23%), universities 
(36%), national boards (36%), and ministries of health (6%).2 

In Turkiye, radiology specialty training is provided through 
state universities, foundation universities, and city hospitals.

In Turkiye, radiology specialty training is conducted within 
a systematic training program framework that defines 
general and discipline-specific components. The Turkish 
Radiology Association Competency Board has prepared 
a comprehensive guide aimed at regulating the quality of 
radiology specialty training in accordance with national and 
international standards. This guide specifies the objectives 
and goals of radiology specialty training.

In Turkiye, radiology specialty training has been implemented 
as a 5-year program since 2017.3 This duration varies among 
countries. For example, in South Korea, this period is 4 years, 
while in the United Kingdom, it is 5 years.4,5

Examinations are a common element in the training process 
worldwide. Theoretical and practical exams are administered. 
Pre-specialty structured examinations are conducted, and 
competency is granted by the academic board.

In Turkiye, residency training includes daily shifts and on-
call duties. On average, a resident works 5-8 on-call shifts 
per month in addition to weekday shifts. Post-call leave is 
utilized. In other countries, shift durations range from 5 to 
26 hours, while the number of monthly on-call shifts ranges 
from 3 to 6.2

Significant differences in radiologist salaries have been 
observed among countries. Annual salaries range between 
$8.000 and $75.000 US dollars.

In Europe, there are 13 radiologists per 100.000 people, while 
in the United Kingdom, this number is 8.5. In Turkiye, there 
are only 5 radiologists per 100.000 people.6

Population growth is one of the reasons for the increase in 
imaging numbers. According to the address-based population 
registration system, the country’s population was 76.667.864 
in 2013, while by the end of 2022, this number was recorded 
as 85.279.553.7

In 2013, the number of USG examinations was 24.819.662; 
Doppler USG , 8.098.999; CT, 11.039.694; and MRI, 9.073.582. 
In 2022, these numbers were 20.224.312 for USG, 21.163.138 
for Doppler USG, 25.178.827 for CT, and 17.634.202 for MRI 
(Table).1,8

The negative effects of increasing examination intensity 
include rising radiation exposure, increased malpractice risks 
for radiologists, and higher frequency of contrast agent side 
effects.

Due to this high demand increase, the Ministry of Health has 
felt the need to implement various methods. The first of these 
was to increase the number of radiologists. While the number 
of research assistants starting radiology specialty training 
was 1.191 between 2016 and 2021, this number increased to 
2.770 during the 2022–2024 period. Another method is to 
provide radiology services in regions without radiologists 
through teleradiology. The Teleradiology System enables 
access to patients’ radiological examinations via the internet, 
remote interpretation of images, exchange of ideas among 
radiologists, evaluation of image and report quality, transfer 
to the e-Nabız personal health system, and sharing with 
citizens and physicians via web and mobile platforms 24/7.9

Artificial intelligence (AI) applications, seen as a solution 
source worldwide and in our country, have gained 
momentum. Organizations such as the Radiological Society 
of North America (RSNA), medical image computing and 
computer-assisted intervention society (MICCAI), and 
aviation, space and technology festival (TEKNOFEST), or 
online platforms like grand-challenge, are undertaking 
various initiatives in this regard.10 Countries with aging 
populations, such as Singapore, are integrating AI and 
deep learning models into their healthcare systems.11 Our 
Ministry of Health has recently implemented mammography 
computer-aided detection (CAD) applications for calcification 
and early breast cancer detection in mammography.12

CONCLUSION

The role of radiology in healthcare services is of undeniable 
importance. To provide effective healthcare services to 
patients, solutions must be developed for the problems in 
the radiology system. The radiology crisis in Turkiye reflects 
broader healthcare system issues, such as increasing demand, 
inequalities in resource distribution, and delays in workforce 
policies.

Although recent steps such as teleradiology and AI pilot 
applications are promising, a sustainable and multi-
stakeholder approach is essential. Access to previously 
performed radiological examinations should be facilitated 
through digital platforms. Future studies should evaluate 
the cost-effectiveness of AI and teleradiology in Turkiye. 
Teleradiology use should be user-friendly at the national level.

Increasing health literacy in society may reduce the number 
of hospital visits. Enhancing clinicians’ knowledge about 
examinations and implementing malpractice reforms to 
create suitable working conditions for clinicians could 
decrease workload. Reducing the number of visits would 

Table. Changes in radiological examination numbers between 2013–2022

Imaging modality 2013 2022 Change

USG 24.819.662 20.224.312 -18.52%

Doppler USG 8.098.999 21.163.138 +161.31%

CT 11.039.694 25.178.827 +128.08%

MRI 9.073.582 17.634.202 +94.35%
USG: Ultrasonography, CT: Computed tomography, MRI: Magnetic resonance imaging
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increase the time clinicians allocate per patient. A freer 
working environment should be provided where clinicians 
do not feel the need to request radiological examinations for 
defensive purposes.

Radiology-focused education should be increased in medical 
curricula, and awareness of radiological tests should be 
raised. Studies targeting physicians receiving basic medical 
education suggest that educational activities in radiology can 
improve the clinical use of imaging.13

The number of radiologists per capita should be increased. 
However, the number of scientific meetings and studies should 
also be increased to enhance radiologists’ qualifications. 
Existing AI applications should be encouraged, and their 
integration into the system should be accelerated.
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