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Thymic cyst: Is attenuation
artifactually increased on
contrast-enhanced CT?
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Background: Thymic cysts are often misinterpreted as thymomas or lymph

nodes, then leading to unnecessary thymectomy. The purpose of this study

was to investigate how the adjacent large vessels artifactually affected

attenuation values of thymic cysts on contrast–enhanced CT (CE-CT).

Methods: In this retrospective study, a total of 84 patients were included with

pathological diagnosis of thymic cysts and preoperative CE-CT. Quantitative

measurements of the size, CT attenuation of thymic cysts and CT attenuation

of adjacent large vessels were performed on preoperative CE-CT. According to

the absolute change in attenuation of the cysts between contrast-enhanced

and nonenhanced CT, the patients were classified into the groups of artifactual

hyper-density, unchanged density, and artifactual hypo-density. CT

characteristics were compared between the three groups. Furthermore,

multivariable logistic regression analysis was performed to determine the

independent factors for artifactual hyper-density.

Results: The group of artifactual hyper-density had smaller short diameter of

the cysts, higher postcontrast attenuation values and lower nonenhanced

attenuation values of the adjacent large vessel. Furthermore, the

multivariable logistic analysis showed that artifactual hyper-density of thymic

cysts was negatively associated with nonenhanced attenuation of adjacent

large vessel, and positively associated with postcontrast attenuation of adjacent

large vessel and postcontrast attenuation of cysts.

Conclusions:Most cases with >20 HUnonenhanced CT attenuation in surgically

resected cases. Artifactual hyper-density─pseudo-enhancement phenomenon

of thymic cysts was more apparent in higher increasing attenuation of adjacent

large vessels on CE-CT. A well understanding of this phenomenon can help

reduce preoperative misdiagnosis and unnecessary thymectomy.
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Introduction

With the widespread use of computed tomography (CT) in

thoracic imaging, detection of incidental mediastinal lesions has

become very common. However, CT showed a low diagnostic

accuracy in differentiating thymic cysts from thymic tumors (1).

Despite advances in CT techniques, the evaluation of the solitary

thymic cyst, especially the cyst of non-water attenuation, is still a

diagnostic challenge for radiologists (2). A previous study

reported there were > 25% unnecessary thymectomy rates (3).

Thymic cysts are often misinterpreted as thymomas or lymph

nodes because of attenuation values greater than that of water

with its “solid” appearance (3, 4). Furthermore, one of the

important CT features applied to distinguish thymic cysts

from thymomas or lymph nodes is an increase in the

attenuation of the mass after intravenous contrast medium

administration. Pseudo-enhancement phenomenon of renal

cysts on contrast–enhanced CT (CE-CT) has been widely

observed and fully acknowledged to be artifactually increased

by marked enhancement of peripheral renal parenchyma (5, 6).

However, little is known about how the dense contrast medium

passing through mediastinal large vessels affects attenuation

values of thymic cysts on contrast-enhanced CT. The purpose

of this study was to investigate how the adjacent large vessels

artifactually affected attenuation values of thymic cysts and its

influencing factors on CE-CT.
Methods

This retrospective study was approved by the ethics

commission of the Second Affiliated Hospital of Zhejiang

University School of Medicine, and our institutional ethics

commission waived the requirement for informed consent. We

searched our retrospectively the pathology patient database for

consecutive patients who underwent preoperative CE-CT

between January 2010 and November 2021, which resulted in

a total of 84 patients with pathological diagnosis of thymic cysts

and preoperative CE-CT.

Chest CE-CT was performed on inspiration with the

standard chest CT protocol. In general, patients were scanned

in the supine position from the cranial to caudal direction from

the clavicles to the adrenal gland, using multidetector scanners

with 16 or 64 detector rows, with 120 kVp and 120–250 mAs

(automatic dose modulation). For CE-CT imaging, about 1.2

mL/kg of iodinated contrast material (Iohexol, GE Healthcare,

USA; Ultravist, Bayer, Germany; Iopamidol, Bracco Diagnostics,

Italy) was injected intravenously at a rate of 3.0 mL/s. A total of

56 patients were performed arterial and venous phase scans, and

28 patients were performed only arterial phase scans. Arterial

phase was obtained after 30 seconds of delay after intravenous

injection of contrast material, and venous phase was performed
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after 60 seconds of delay. Then, axial images of 5 mm thickness

were reconstructed. Finally, the reconstructed images were

transferred to the picture archiving communication system

(PACS) workstation.

Quantitative measurements of the size and CT attenuation

of the thymic cysts were performed on the PACS by a board-

certified radiologist (SW) with 6 years of experience in chest

imaging. This radiologist independently measured the sizes and

attenuation of the cysts, and she was blinded to any information

about the purpose of the study to reduce a potential bias in

measurement. The longest long diameter and the longest short

diameter perpendicular to the long diameter of the lesion were

obtained at the same largest cross-sectional area (Figure 1). CT

attenuation values of cysts were measured by placing an

oval region of interest (ROI) within the cysts. The ROIs used

for the pre- and postcontrast evaluation of a given cyst were

obtained at the same cross-sectional location. The mean

CT attenuation of each cyst were recorded. The change

in attenuation of the cysts were calculated as the absolute

difference between the mean contrast-enhanced and

nonenhanced attenuation values. Postcontrast CT attenuation

values of the adjacent large vessels in both arterial and venous

phase were measured by placing an oval ROI within the adjacent

large vessels. Then, according to the absolute change in

attenuation of the cysts between contrast-enhanced and

nonenhanced CT, the patients were classified into three

groups, including the groups of > 5 HU (n=27), -5~5 HU

(n=38), and <-5 HU (n=19).

Statistical analyses were performed using IBM SPSS

Statistics 23 software (IBM Corporation, New York). The

normality of the data was tested using Kolmogorov‐Smirnov

tests. Normally distributed data were assessed using parametric

one‐way analysis of variance (ANOVA) or t test. Post hoc

tests were performed after ANOVA. If the assumption of

normality was not met, non-parametric Kruskal‐Wallis H

tests or Mann–Whitney U tests were used to assess between-

group differences. In addition, chi-square tests were used to

evaluate categorical variables. Post-hoc analysis with the least

significant difference method was performed to further

identify where the difference came from. Moreover, Pearson’s

correlation analysis was performed to assess correlations

between nonenhanced CT attenuation of the cysts and cysts

size, and between postcontrast CT attenuation change of

thymic cysts and nonenhanced/postcontrast attenuation

values of adjacent large vessel. Furthermore, the factors

with p < 0.05 were included in the multivariable binary

logistic regression analysis to determine the independent

factors to differentiate artifactual hyper-density from

unchanged- and artifactual hypodensity density. The

accuracy odds ratio (OR) and 95% confidence interval (CI)

were recorded. All tests were two-tailed and results were

considered significant at p<0.05.
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Results

The study group consisted of 84 patients (33 men, 51

women; mean age, 54 ± 11 years; range, 33–82 years). The

diagnosis-treatment interval time ranged from 1 to 17 days

(mean, 5.2 ± 3.2 days). Nonenhanced CT attenuation of the

cysts ranged from 0.6 to 69.2 HU (mean, 33.0 ± 17.5 HU)

(Table 1). In 62 out of 84 patients (73.8%), the nonenhanced CT

attenuation was >20 HU, the threshold usually used to

differentiate fluid from soft tissue (Figure S1). The thymic

cysts ranged from 5.9 to 135.2 mm in long diameter (mean,

31.8 ± 23.4 mm), and from 5.3 to 72.4 mm in short diameter

(mean, 20.3 ± 13.2 mm). Nonenhanced CT attenuation of cysts

was negatively correlated with the long diameter (r=-0.400,
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p<0.001) and short diameter (r=-0.396, p<0.001). The change

in attenuation of the cysts between contrast-enhanced and

nonenhanced CT ranged from -27.4 to 44.3 HU (mean, 2.3 ±

11.2 HU).

In addition, according to the change in attenuation of the

cysts between contrast-enhanced and nonenhanced CT, the

patients were classified into three groups, including the groups

of > 5 HU (artifactual hyper-density), -5~5 HU (unchanged

density), and <-5 HU (artifactual hypo-density) (Table 2). There

was significant difference of short diameter among these three

groups (p=0.025). Then, post hoc tests showed the group

of artifactual hyper-density had smaller short diameter

than the group of unchanged density (p=0.008) (Figure 2A).

Furthermore, there were significant differences of nonenhanced
FIGURE 1

(A-D) Images of a thymic cyst with increased postcontrast attenuation values on CE-CT in 62-year-old woman (age in 2018). Imaging shows
(A) a thymic cyst measuring 11.6×8.8 mm, (B) 12.9HU with aortic arch measuring 51.3HU on nonenhanced CT, (C) 28.2HU with aortic arch
measuring 337.7HU on arterial phase, and (D) 24.1HU with aortic arch measuring 197.0HU on venous phase of CE-CT. (E-H) Images of a thymic
cyst with stable postcontrast attenuation values on CE-CT in 65-year-old man (age in 2017). Imaging shows (E) a thymic cyst measuring
78.3×34 mm, (F) 9.0HU with main pulmonary artery measuring 40.5HU on nonenhanced CT, (G) 9.0HU with main pulmonary artery measuring
233.8HU on arterial phase, and (H) 10.0HU with main pulmonary artery measuring 105.6HU on venous phase of CE-CT. (I-L) Images of a thymic
cyst with decreased postcontrast attenuation values on CE-CT in 53-year-old woman (age in 2018). Imaging shows (I) a thymic cyst measuring
20.1×17.0 mm, (J) 45.4HU with brachiocephalic trunk measuring 54.1HU on nonenhanced CT, (K) 29.0HU with brachiocephalic trunk measuring
288.5HU on arterial phase, and (L) 38.8HU with brachiocephalic trunk measuring 148.6HU on venous phase of CE-CT.
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attenuation values of adjacent large vessel (p<0.001),

postcontrast attenuation values of adjacent large vessel

(p<0.001) and postcontrast attenuation values of cysts

(p<0.001) among the three groups. Then, post hoc tests

showed the group of artifactual hyper-density had lower

nonenhanced attenuation values of adjacent large vessel than
Frontiers in Oncology 04
the group of unchanged density (p<0.001) and the group of

artifactual hypo-density (p=0.001) (Figure 2B); the group of

artifactual hyper-density had higher postcontrast attenuation

values of adjacent large vessel than the group of unchanged

density (p<0.001) (Figure 2C); and the group of artifactual

hyper-density had higher postcontrast attenuation values of
TABLE 2 Comparison of clinical characteristics and CT findings between the groups with different absolute difference between the mean
contrast-enhanced and nonenhanced attenuation values of thymic cysts.

Parameter Group of Artifactual
Hyper-density

Group of Unchanged
density

Group of Artifactual
Hypo-density

P Value

Total No. of patients (n) 27 38 19

Age (years) 55.9 ± 9.1 51.0 ± 10.6 59.0 ± 12.5 0.023

Sex 0.025

Men 5 18 10

Women 22 20 9

Diagnosis-treatment interval time 5.2 ± 2.5 5.3 ± 3.7 4.9 ± 3.0 0.833

Cyst Size

Total No. of cysts (n) 27 38 19

Long diameter (mm) 23.7 ± 12.6 36.4 ± 24.7 34.3 ± 29.7 0.086

Short diameter (mm) 15.5 ± 8.2 24.3 ± 15.4 19.2 ± 11.9 0.025

Nonenhanced CT attenuation

Total No. of plain scans (n) 27 38 19

CT attenuation of cysts (HU) 30.7 ± 16.9 32.1 ± 17.6 38.2 ± 17.9 0.322

CT attenuation of adjacent large vessel (HU) 42.8 ± 7.0 48.7 ± 5.1 48.5 ± 3.9 <0.001

Contrast-enhanced CT attenuation of both arterial and venous phase

Total No. of arterial and venous phase scans (n) 47 68 25

CT attenuation of cysts (HU) 46.2 ± 21.7 30.9 ± 18.0 26.6 ± 20.4 <0.001

CT attenuation of adjacent large vessel (HU) 280.3 ± 68.8 222.5 ± 78.88 249.6 ± 74.2 <0.001
fron
According to the absolute difference in attenuation of the cysts between contrast-enhanced and nonenhanced CT, the patients were classified into the three groups of artifactual hyper-
density (> 5 HU), unchanged density (-5~5 HU), and artifactual hypo-density (<-5 HU).
TABLE 1 Cyst size, attenuation of thymic cysts and attenuation of the adjacent large vessel.

Parameter Total No. of Measurement Value

Cyst size (mm)

Long diameter 84 31.8 ± 23.4 (24.2) [5.9 to 135.2]*

Short diameter 84 20.3 ± 13.2 (15.9) [5.3 to 72.4]*

CT attenuation of cysts (HU)

Nonenhanced CT 84 33.0 ± 17.5 (36.2) [0.6 to 69.2]*

Contrast-enhanced CT in arterial phase 84 34.1 ± 19.9 (36.1) [-17.8 to 74.1]*

Contrast-enhanced CT in venous phase 56 37.0 ± 22.9 (38.9) [-2.3 to 97]*

Contrast-enhanced attenuation change in arterial phase 84 1.1 ± 11.3 (0.3) [-27.4 to 39.2]*

Contrast-enhanced attenuation change in venous phase 56 4.2 ± 10.8 (1.8) [-14.0 to 44.3]*

Contrast-enhanced attenuation change in arterial and venous phase† 140 2.3 ± 11.2 (0.5) [-27.4 to 44.3]*

CT attenuation of adjacent large vessel (HU)

Nonenhanced CT 84 46.8 ± 6.2 (46.9) [19.0 to 57.9]*

Contrast-enhanced CT in arterial phase 84 286.2 ± 58.8 (289.9) [140.5 to 492.3]*

Contrast-enhanced CT in venous phase 56 150.6 ± 24.7 (150.8) [94.3 to 210.3]*
*Numbers are means ± standard deviations, with medians in parentheses and ranges in brackets.
†The absolute difference between the mean contrast-enhanced and nonenhanced attenuation values of cysts in both arterial and venous phase.
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cysts than the group of unchanged density (p<0.001) and the

group of artifactual hypo-density (p<0.001) (Figure 2D). In

addition, the multivariable logistic analysis showed that

nonenhanced attenuation of adjacent large vessel (OR: 0.731,

95% CI: 0.611, 0.875), postcontrast attenuation of adjacent large

vessel (OR: 1.015, 95% CI: 1.003, 1.027) and postcontrast

attenuation of cysts (OR: 1.048, 95% CI: 1.006, 1.092) were

identified as independent predictors of artifactual hyper-density

(Table S1). Correlation analysis showed postcontrast attenuation

change of thymic cysts was negatively correlated with

nonenhanced attenuation values of adjacent large vessel

(r=-0.299, p=0.006), and postcontrast attenuation change of

thymic cysts was positively correlated with postcontrast

attenuation values of cysts (r=0.488, p<0.001).
Discussion

This study provided the clinical, radiological features of

surgically resected and histopathologically confirmed thymic

cysts. Moreover, this study investigated the influencing factors

of artifactually affecting attenuation values of thymic cysts on

CE-CT. This study showed most cases (73.8%) with >20 HU

nonenhanced CT attenuation, the threshold usually used to

differentiate fluid from soft tissue. Nonenhanced CT

attenuation of cysts was negatively correlated with cysts size.

In addition, the results showed that artifactual hyper-density of

thymic cysts was negatively associated with nonenhanced

attenuation of adjacent large vessel, and positively associated

with postcontrast attenuation of adjacent large vessel and

postcontrast attenuation of cysts.

In this study, patients showed a mean age of 54 years with a

range of 33 to 82 years, which is similar to the previously

reported age range of patients with thymic tumors (7–10).

Therefore, age is not a reliable diagnostic factor for

differentiating thymic cysts from thymic tumors. This cohort
Frontiers in Oncology 05
showed female predominant with 51 females and 33

males, which is similar to the previously reported gender

predominant (4).

In this study cohort, 73.8% of patients showed nonenhanced

CT attenuation was >20 HU, with a mean attenuation of 33 HU

range from 0.6 to 69.2 HU. On nonenhanced CT, CT

attenuation is much higher than “water/fluid attenuation”

which is often used to describe the characteristic appearance

of cysts (11). In this study, we found CT attenuation of most

thymic cysts were comparable to that of soft tissue lesions rather

that water/fluid, which is consistent with the finding of another

previous study (4). Among thymic lesions, thymic epithelial

tumors and other thymic malignancy is typically considered CT

attenuation of soft tissue lesions (>20 HU). As a result, a thymic

lesion with a high CT attenuation may be suspicious for solid

tumors than cysts by an inexperienced radiologist or thoracic

surgeon, then resulting in unnecessary thymectomy.

Both hyper- and hypodense artifacts are common CT

artifacts after contrast media injection in chest imaging. In this

study, we found that both hyper- and hypodense artifacts

affected the attenuation values of the thymic cysts. This study

showed that artifactual hyper-density ─ the pseudo-

enhancement of thymic cysts was associated with smaller short

diameter of the cysts, higher postcontrast attenuation values, and

lower nonenhanced attenuation values of the adjacent large

vessel. A host of technical factors such as partial volume effect

and beam hardening effect due to marked enhancement of

adjacent tissue can cause the attenuation change of lesions and

result in pseudo-enhancement on CE-CT (5, 12). Maki et al.

found renal cyst attenuation increased consistently with

increasing background attenuation (12). Similarly, our results

firstly confirmed that thymic cysts attenuation increased

consistently with increasing attenuation of the adjacent large

vessel. Furthermore, our results showed postcontrast attenuation

change of thymic cysts was negatively correlated with

nonenhanced attenuation values of adjacent large vessel.
B C DA

FIGURE 2

The group difference between the groups of artifactual hyper-density, unchanged density, and artifactual hypo-density according to the CT
attenuation change of thymic cysts between contrast-enhanced and nonenhanced CT. (A) The group of > 5 HU had smaller short diameter
(p=0.008), (B) lower nonenhanced attenuation values of adjacent large vessel than the group of -5~5 HU (p < 0.001) and the group of <-5 HU
(p=0.001), (C) higher postcontrast attenuation values of adjacent large vessel than the group of -5~5 HU (p < 0.001), and (D) higher postcontrast
attenuation values of cysts than the group of -5~5 HU (p < 0.001) and the group of <-5 HU (p < 0.001). * indicates significant differences.
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Additionally, Bae et al. found pseudo-enhancement

phenomenon was more apparent in small renal cysts than in

large renal cysts (5). Although the multivariable logistic analysis

showed small short diameter was not an independent predictor

of artifactual hyper-density, ANOVA analysis between groups

found the group of artifactual hyper-density had smaller short

diameter than the group of unchanged density. The long axis of

thymic cysts is usually appressed against adjacent mediastinal

large vessels. So, the smaller the diameter of thymic cysts, the

closer it is to the adjacent large vessels. Thus, pseudo-

enhancement phenomenon of thymic cysts may be more

apparent in small short diameter.

As a study limitation, as this study focused on the population

of thymic cysts that were histopathologically confirmed after

thymectomy, the study population is certainly skewed and

represented one end of the spectrum of thymic cysts where the

imaging diagnosis suspected to be solid tumors rather than cysts.

However, this study was designed to focus on the pathologically

confirmed cases, as there has been no specialized study focusing

on the CT artifacts findings of histopathologically confirmed

thymic cysts.
Conclusion

This study showed most cases (73.8%) with >20 HU

nonenhanced CT attenuation in surgically resected cases, the

threshold usually used to differentiate fluid from soft tissue.

Nonenhanced CT attenuation of cysts was negatively correlated

with cysts size. In addition, artifactual hyper-density─pseudo-
enhancement phenomenon of thymic cysts was more apparent

in higher increasing attenuation of adjacent large vessels on CE-

CT. Pseudo-enhancement phenomenon of thymic cysts is still

not well understood. A well understanding of the pseudo-

enhancement phenomenon can help reduce preoperative

misdiagnosis and reduce unnecessary thymectomy. If pseudo-

enhancement phenomenon of thymic cysts is suspected, further

MRI or regular CT follow-up should be recommended.
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