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Background In clinical practice, it is quite difficult to differentiate pathologic

adrenal hyperplasia from normal adrenal gland enlargement

especially in the elderly.  CT scan is so far the best technique to

detect and measure the size of the glands. We, hereby, try to

evaluate the volume of the adrenal gland through  CT scan in

several age groups of Thai people to identify its normal range.

Objective To establish age-specific ranges of the volume of a normal

adrenal gland in adult patients by using CT scan.

Setting Department of Radiology, Faculty of Medicine, Chulalongkorn

University.

Research Design Cross sectional descriptive study.

Material and Methods A total of 154 patients who underwent CT scan that included

bilateral adrenal glands from September 2012 to March 2013

were prospectively selected on a 320-MDCT scanner, using

KCMH CT protocol.  The volumes of the adrenal glands were

taken bilaterally, by hand outlining in axial post contrast image

on workstation.
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Results In total, 154 patients who underwent CT scan that included

adrenal glands were included in this study; 81 men, 73 women;

mean age, 62 years.  The right and left adrenal gland volumes

increased with age (r = 0.485, and 0.381, respectively in male

population and r = 0.572, and 0.441, respectively in female

population, all P <0.001). The volume of adrenal glands were

increased in male population as compared to female population,

scientific significant P <0.001.

Conclusion Normal range of adrenal volume in Thai populations was done

by CT scan and confirmed that adrenal volume gland volumes

increase by age and more larger in male population in the same

age group.

Keywords Adrenal gland volume, computed tomography (CT), sex, age

group.
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เกวลี ศศิว ิมลพันธุ ์ , พรอนงค์ อริยจ ินดา . การหาปริมาตรของต่อมหมวกไตปกติ

โดยใช้เอกซเรย์คอมพิวเตอร์ (Pilot study) โรงพยาบาลจุฬาลงกรณ์ ภาควิชารังสีวิทยา

คณะแพทยศาสตร ์ จุฬาลงกรณม์หาวทิยาลยั. จุฬาลงกรณเ์วชสาร 2558 พ.ค. – มิ.ย.; 59(3):

275 - 84

เหตุผลของการทำวิจัย จากการปฏิบัติงาน มีความยากในการแยกระหว่างต่อมหมวกไตที่มี

ขนาดใหญ่ขึ้นจากตัวโรคที่ทำให้ต่อมหมวกไตทำงานมากขึ้นผิดปกติ

ก ับภาวะต่อมหมวกไตขนาดใหญ่ข ึ ้นเองจากอายุท ี ่ เพ ิ ่มมากขึ ้น

โดยเครื่องเอกซเรย์คอมพิวเตอร์สามารถใช้วัดขนาดของต่อมหมวกไต

ไดอ้ยา่งแมน่ยำ  ซ่ึงการศกึษาของเราใชเ้อกซเรยค์อมพวิเตอรใ์นการหา

ปริมาตรของต่อมหมวกไตในแต่ละกลุ่มอายุของประชากรคนไทย

วัตถุประสงค์ เพือ่หาคา่ปรมิาตรของตอ่มหมวกไตซึง่แบง่ตามเพศและกลุม่อายตุา่ง ๆ

โดยใชเ้อกซเรยค์อมพวิเตอร์

รูปแบการวิจัย การศกึษาเชงิพรรณนา ณ เวลาจดุใดจดุหนึง่

สถานที่ทำการศึกษา โรงพยาบาลจฬุาลงกรณ ์จังหวดักรงุเทพมหานคร

ตัวอย่างและวิธีการศึกษา ผู้ป่วยจำนวน 154 ราย ที่มาตรวจเอกซเรย์คอมพิวเตอร์ด้วยเครื่อง

เอกซเรย์คอมพิวเตอร์รุ่น Aquilion ONE ของบริษัทโตชิบา (Toshiba)

ตั้งแต่เดือนกันยายน พ.ศ. 2555 ถึงเดือนมีนาคม พ.ศ. 2556 ซึ่งทำ

การตรวจครอบคลุมต่อมหมวกไตทั้ง 2 ข้าง การวัดปริมาตรของต่อม

หมวกไตใช้วิธีวาดที่ละภาพด้วยมือในภาพหลังฉีดสาร ทึบรังสีโดยใช้

โปรแกรมคำนวณหาปรมิาตรของบรษัิทจอีี (GE)

ผลการศึกษา ผู้ป่วยจำนวน 154 ราย ที่มาตรวจเอกซเรย์คอมพิวเตอร์ด้วยเครื่อง

เอกซเรยค์อมพวิเตอร ์ซ่ึงทำการตรวจครอบคลมุตอ่มหมวกไตทัง้ 2 ขา้ง

เพศชายจำนวน 81 คน เพศหญิงจำนวน 73 คน อายุเฉลี่ย 62 ปี

ปริมาตรต่อมหมวกไตทั้งข้างขวาและข้างซ้ายเพิ่มขึ้นตามอายุ โดย

r = 0.485 และ 0.381, ตามลำดับ ในกลุ่มประชากรเพศชาย และ

r = 0.572, และ 0.441, ตามลำดบั ในกลุม่ประชากรเพศหญงิ อย่างมี

นยัสำคญัทางสถติ ิ(P < 0.001) ทัง้เพศชายและหญงิ

สรุป ค่าปริมาตรของต่อมหมวกไตซึ ่งแบ่งตามเพศและกลุ ่มอายุต่าง ๆ

โดยใช้เอกซเรย์คอมพิวเตอร์มีประโยชน์อย่างยิ่งในการแยกระหว่าง

ตอ่มหมวกไตทีมี่ขนาดใหญข่ึน้  จากตวัโรคทีท่ำใหต้อ่มหมวกไตทำงาน

มากขึ้นผิดปกติ  กับภาวะต่อมหมวกไตขนาด ใหญ่ขึ้นเองจากอายุที่

เพิ่มมากขึ้น

คำสำคัญ ปริมาตรตอ่มหมวกไต, เครือ่งเอกซเรยค์อมพวิเตอร,์ เพศ, กลุม่อาย.ุ
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The adrenal gland, approximately the same

attenuation value as kidney, is delineated from its

adjacent structures by the surrounding retroperitoneal

fat.  CT can show abnormal size, shape and mass

of the glands, and also can safely, rapidly, and

effectively demonstrate their normal anatomy or

pathological enlargements. Previous studies that

analyzed the size and configuration of the adrenal

glands shown by CT were well correlated with the

data available from post-mortem studies. (1)

In clinical practice, to differentiate between

normal and adrenal enlargements in elderly in whom

abnormal enlargements are difficult to detect are

crucial. Vincent et al. (2) and Montagne et al. (3)

measured the size of normal adrenal glands by using

CT, providing the maximum width of normal adrenal

glands.

However, On the CT scan the shape of

normal adrenal glands show varied shape from

inverted V, triangle and linear shapes. (2, 11) The

maximal width has been incorrectly applied to

measure the size in different shapes of the adrenal

glands.

The CT systems producing images can

measure volume of the organ accurately. The sex-

specific ranges of normal volumes of a solid

abdominal organ were outlined by each hand-on CT

image each by using a computer, corrected for the

height and weight of the patient, were determined for

the kidneys, adrenals, liver, pancreas, spleen and the

first lumbar vertebrae.(5) Unfortunately, the sex-

specific ranges of the volume of normal adrenal gland

have been incorrectly applied because of adrenal

enlargements in elderly.  Previous studies assessed

abdominal structure and function with CT and PET

with significantly increased volume of the adrenal

gland with age. (4) Relative increased volume of

adrenal gland in male patient is noted (7) but no

significant differences in later study on 2013.(5)

We have investigated the capacity of CT to

establish age-specific ranges of the volumes of

a normal adrenal gland in adult Thai patients, which

is useful for optimal interpretation of CT scan in patient

with suspected diffuse adrenal gland enlargements,

especially to evaluate correlation between the volume

of adrenal gland and age.

Materials and Methods

Patient population:

Consecutive patients, who underwent CT

scan that included bilateral adrenal glands (CT chest,

CTPA, CTA aorta, CT upper abdomen or whole

abdomen) at the Department of Radiology, King

Chulalongkorn Memorial Hospital from September

2012 to March 2013, were prospectively recruited.

Each patient was recruited only once.  The CT studies

were performed for routine clinical evaluation.

Informed consent from the patient was performed.

Patients who were less than 21 years, those

with history of malignancy or conditions known

to affect the adrenal gland were excluded from

the study. Adrenal glands with focal mass lesion, as

judges by CT, were also excluded; those with CT

scans that had abnormal features such as bilateral

cutoff edges or movement artifacts that could

influence various measurements of this study were

also excluded.

In general, the adrenal glands were

considered normal bases on information available in

the CT images, the patient’s chart and the radiologist’s
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report, coupled with clinical judgment in case by case

assessment. Based on these criteria, 154 subjects

remained in the study.

Image acquisition

All CT examinations were performed on a

320-MDCT scanner (Aquilion ONE, Toshiba Medical

systems Corporation) using KCMH CT chest, CTA

aorta, CT abdomen or CTPA protocol (Table 2).  The

patients were in supine position and requested to take

quiet respiration.  Caudo-cranial scan was performed

on each patient.

Image analysis

All CT scan images were downloaded from

our research PACS system, then transferred to the

GE healthcare workstation using volume assessment

program (AW volume share 5). The studies were

viewed on the monitor of the workstation for review of

DICOM header information (age and sex), which could

subsequently be recorded on spreadsheet.

Window and level setting were selectable in

custom software, but setting was typically close to a

window of 500 and a level of 70. All outlining was

performed by the researcher and the advisor.  The

boundaries of the right and left adrenal glands were

hand-outlined in axial post contrast images as shows

in figure 1.  The volumes of the right and left adrenal

glands were calculated by summation of the slice

volumes of 1 mm thick and determined by multiplying

the surface area by each slice thickness using a

volume program, calculating the volume in cubic

centimeters.  The image files were saved as DICOM

files.

All images were privately reviewed in the film

reading room by the researcher and the advisor. The

patients’ data were kept secret.  The research proposal

has been reviewed and approved by the Ethics

Committee of the Faculty of Medicine, Chulalongkorn

University.

Data collection

The demographic data including age, sex,

clinical history and underlying diseases of all patients

were collected.

The volumes of the adrenal glands were

measured bilaterally.

Data analysis

The volume of each adrenal gland was

presented as mean and standard deviation (SD).

Statistical analyses were computed with a

statistical software package (SPSS, version 17.0; IBM

Corporation, Armonk, NY).

The analysis of correlation between the

volume of the adrenal gland and age was used to

Pearson correlation with statistical significance was

considered to be present when p values were less

than 0.001.

Comparison between the volume of adrenal

gland and sex was used by un-paired t-test and

statistical significant was considered to be present

when P values were less than 0.005.

Results

A total of 154 patients underwent CT scan

that included adrenal glands (CT chest, upper

abdomen or whole abdomen, CTPA, CTA aorta) on

320-MDCT scanner (Aquilion ONE) during the study

period, 81 (53%) men and 73 (47%) women with age

range between 21 years and 91 years, with the mean

age of 62 years were included in this study (Table 1).
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The ranges of age-specific and sex-specific

groups of each ad right and left adrenal gland volume

in male and female populations are shown in

Table 2, 3.

The volumes of the right and left adrenal

glands increased with age (r = 0.485, and 0.381,

respectively in male population and r = 0.572, and

0.441, respectively in female population,  all P <0.001.

There are scattered plot of the adrenal volumes and

age showed in figure 2 and 3 according on male and

female population, respectively.

Comparison with male and female group

shows larger volume of adrenal gland in male

population than female population scientific

significantly, p value < 0.005 . (p value < 0.001 in

right adrenal gland volume and p value = 0.001 in left

adrenal gland volume)

Left adrenal gland shows more volume than

right adrenal glands in all age groups.

Table 1. Distribution of the final population according

to sex and age groups.

              Sex Male Female

Age (yrs)

21 - 40 14 11

41 - 60 25 28

More than 60 39 33

Total 78 72

CT CT CT CT CT whole CT CTA lower CTPA

chest  whole upper aorta abdominal extremity

Parameters abdomen abdomen aorta

kV 120 120 120 120 120 120 100

Slice collimation 80 × 0.5 80 × 0.5 80 × 0.5 100 × 0.5 100 × 0.5 64 × 0.5 100 × 0.5

Slice thickness 1 mm 2 mm 2 mm 3 mm 3 mm 3 mm 1 mm

Overlap 0.8 mm 1 mm 1 mm 1.5 mm 1.5 mm 1.5 mm 0.8 mm

Gantry rotation time 0.5 sec 0.5 sec 0.5 sec 0.5 sec 0.5 sec 0.65 sec 0.35 sec

Pitch 65 65 65 103 103 53 103

Non-ionic contrast 80 ml 100 ml 100 ml (Scan (Scan 110 ml 40 ml

media time + 10) time + 10)

(300 mgI/ml) × flow rate  × flow rate

Flow rate (ml/sec) 2 2 2 5 5 Phase I : 4.5 4

(venous) Phase Ii :

3 (dual) 3.0

Bolus tacking 180 HU 180 HU 180 HU 180 HU 180 HU 250 HU 120 HU

Threshold level Aorta at Aorta at Aorta at Aorta at Aorta at Aorta at mid at

ROI mid mid scan mid scan mid scan mid scan scan range pulmonary

scan range range range range trunk

range

Table 2.  Protocol for CT of Aquillion ONE at KCHM.
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Table 3. Ranges of volumes of sex-specific and age-specific groups of normal bilateral adrenal glands,

in male and female population.

Age group         Mean age  Right adrenal volume   Left adrenal volume

Male Female Male Female Male Female

20 - 40 32 31 2.56 ± 0.82 1.92 ± 0,54 3.34 ± 0.57 2.56 ± 0.53

40 - 60 51 51 3.25 ± 0.94 2.51 ± 0.91 4.25 ± 1.06 3.53 ± 0.87

More than 60 72 74 3.75 ± 0.96 3.16 ± 0.76 4.46 ± 0.88 3.99 ± 1.13

Figure 1. Contrast enhanced CT scan of the upper abdomen showed white thin line outline surrounding of the left

adrenal gland (arrow) and repeat outline in continuous slides to calculate adrenal volume.

Figure 2. Scatterplot showing the results of regression analysis of adrenal gland volume in the right and left side in

male population. (n = 81)
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Discussion

The current diagnostic utility of CT images

relies primarily on subjective interpretation, but as  CT

systems has advanced and as the number of CT

examinations increase, the quantitative nature of this

modality may play an ever-increasing role in improving

diagnostic accuracy. (2, 8) High labor intensive hand-

outlining techniques were used in the previous study

for solid organ volumes. (5)

The results of our study demonstrated normal

range of adrenal gland volume in adult patients without

conditions known to affect the adrenal glands, history

of malignancy disease or focal mass lesion by hand-

outlining technique.  In our study, the adrenal glands

grow in volume to statistically significant degree with

increasing age with correlated to the previous study

of Meier et al. (4)

Regarding to sex, our study showed

significant larger of the adrenal gland volume on male

population compared to female population contrast

with prior study from 2013. However, the size of organ

is relative to another person depending on a number

of factors; in general, a 2-m 100-kg person is likely

to have larger organs than a 1.5-m 50 kg individual.

Averaged over the seven soft tissue organs that were

the focus of a previous study (4,6), corrections for height

Figure 3. Scatterplot showing the results of regression analysis of adrenal gland volume in the right and left side in

female population. (n = 73)
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and weight reduce the variance by 24.3% (range,

5.8 – 39.0%) as compared with the uncorrected data

of the volumes of organs. Our study do not corrected

volume of the adrenal with patient size which resulted

in relative higher volume of adrenal gland in male

patient similar on study from Geraghty EM et al since

2009.

Limitations of our study were not approach

the body size, which might be limited for application

in specific patient, small numbers of patient in each

age groups might not represent the whole population

and for the measurement, there was  merely identifying

and distinguishing the adrenal gland from the adjacent

structures, especially contiguous the lateral limb

of the right adrenal gland with the liver without

intervening the fat plane.  However our intra -observer

variability of this study shows almost perfect

agreement.

Last, volume measurement of solid organ on

CT scan is commonly uses now in clinical practice,

however still take long time and inconvenience to

do in routine work. Other simple parameter such as

adrenal gland thickness or width of the gland may

by easier to do for evaluate adrenal gland size and

pathology (5) and required study to establish cut point

between normal and pathology diffuse enlargement

of adrenal glands.

Conclusion

Normal range of adrenal volume in Thai

populations was done by CT scan and confirmed that

adrenal volume gland volumes increase by age and

more larger in male population in the same age group.

Further investigation for searching cut off value from

normal and hyperplasia of the adrenal gland should

be considered to more useful in clinical setting.
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