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COMPARISON OF DIRECT AND INDIRECT COSTS OF
MAGNETIC RESONANCE AND COMPUTED TOMOGRAPHY
IN THE EVALUATION OF INCIDENTAL ADRENAL MASSES

Insidental Adrenal Kitlelerin Degerlendirilmesinde Manyetik Rezonans ve Bilgisayarl
Tomografinin Direkt ve Dolayli Maliyetlerinin Karsilagtirilmasi

Mutlu GUNES!

! University of Health Sciences, Bursa Yiiksek Ihtisas Training and Research Hospital, Division of Endocrinology Diabetes and
Metabolic Diseases, BURSA, TURKIYE

ABSTRACT

Objective: It was planned to compare the direct and indirect
costs of computed tomography (CT) and magnetic resonance
(MR) methods in the differentiation of adrenal adenoma and
non adenoma.

Material and Methods: CT, MR, pathology, laboratory and
other information of the patients were obtained from the patient
files. Radiological examination and unilateral laparoscopic
obtained from the
accounting department. For cost calculation; the scenario was

adrenalectomy cost information was

used in which 500 patients were referred equally to CT and MR,
individuals diagnosed with non-adenoma were referred to the
operation after the first control, individuals diagnosed with
adenoma were followed, and standard follow-up was done

every 6 months for 4 years.

Results: A total of 31 patients (8 males and 23 females) were
eligible for the study. The mean age of the patients was
48.1+17.7 years. In the CT group, an excess cost of 609,0 b per
person for 1 year and 24359 b per person for 4 years was
incurred. In the diagnosis of adenoma and non-adenoma, CT
was inaccurate in 24.4% of patients, whereas MR was
in 52%. When used for the
pheochromocytoma, it was found that in the CT group, 609,0

inaccurate diagnosis of
b per person for 1 year and 2435,9 b per person for 4 years
resulted in an excess cost, whereas CT was erroneous in 17.6%
of patients and MR in 15.8% of patients. In the diagnosis of
malignancy, in the CT group, an excess cost of 522,2 H per
person for 1 year and 2088,7 H per person for 4 years was
incurred. It was determined that correct decision could not be
made in 33.2% of the patients in the CT group and in 5.8% of
the patients in the MR group.

Conclusion: The use of contrast-enhanced MR in patients of

adrenal masses reduces unnecessary interventions and the
resulting expenditures.

Keywords: Adrenal adenoma, computed tomography, magnetic

resonance

(07
Amag: Bilgisayarli tomografi (BT) ve manyetik rezonans (MR)
yontemlerinin adrenal adenom ve non adenom ayriminda direkt

ve dolayli maliyetlerininin karsilagtirilmasi planlanmistir.

Gerec ve Yontemler: Hastalarin BT, MR, patoloji, laboratuvar
ve diger bilgileri hasta dosyalarindan elde edildi. Sosyal
Giivenlik Kurumu’nun kontrastl BT i¢in 170 Tirk Liras: (),
kontrasthh MR i¢in 202 b, tek

stirrenalektomi i¢in 18036 b 6deme yaptig1 fatura boliimiinden

tarafli  laparoskopik
ogrenildi. Maliyet hesaplamasi i¢in, 500 hastanin esit olarak
BT’ye ve MR’a yonlendirildigi, non adenom tanis1 alanlarin ilk
kontrol sonrasi operasyona yonlendirildigi, adenom tanisi
alanlarin ise takip edildigi; standart takibin 4 y1l boyunca 6 ayda
bir yapildig1 senaryosu kullanildi.

Bulgular: Calismaya uygun olan 8 erkek ve 23 kadin olmak
iizere 31 hasta tespit edildi. Hastalarin yas ortalamasi 48.1+17.7
idi. BT kolunda 1 yil i¢in kisi bas1 609,0 b fazla, 4 yil i¢in kisi
basi 2435,9 b maliyet olugsmaktadir. Adenom ve non adenom
tanisinda BT'nin hastalarin %24.4'tinde, MR'n ise hastalarin
%S5.2'sinde hatal1 karar verdigi goriildii. Feokromasitoma tanisi
icin kullanildiginda BT nin 1 y1l i¢in kisi bas1 609,0 b; 4 yil i¢in
kisi bas1 2435,9 b fazla maliyet olusturdugu, buna karsin BT'nin
hastalarin %17.6'sinda, MR'in ise hastalarin %15.8'inde hatali
karar verdigi tespit edildi. Malignite tanisinda BT kolunda 1 yil
icin kisi bas1 52,2 b, 4 yil i¢in kisi bag1 2088,7 b fazla maliyet
%33.2'sinde,
karsililk MR grubunda %5.8'inde dogru karar verilemedigi

olusmaktadir. BT grubunda hastalarin buna

saptandi.

Sonu¢: Endokrinoloji  poliklinigine yonlendirilen adrenal
MR kullanilmasi

bundan kaynakli

kitlelerin degerlendirilmesinde kontasth

gereksiz  miidahaleleri ve harcamalar1

azaltmaktadir.

Anahtar Kelimeler: Adrenal adenom, bilgisayarli tomograffi,

manyetik rezonan
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INTRODUCTION
The increase in the frequency of use of imaging methods
in daily practice has led to a higher incidence of
incidental adrenal masses. It has been reported that the
frequency of adrenal adenoma in the community is 3.5%
(1), and its frequency increases up to 7% with age (2).
The incidence of primary adrenal cancer in adrenal
adenomas is approximately 5% (3).
Evaluation of detected adrenal masses consists of two
basic steps; the first step is to determine whether there is
hormone hypersecretion which can be assesed by
cortisol, aldosterone and catecolamine levels (4).
The second step in the evaluation of detected adrenal
masses; is the distinction between adenoma and non-
adenoma. Primary adrenal cancer, metastases,
lymphoma, pheochromocytoma, and inflammatory
processes are radiologically defined as non-adenoma
due to their low fat content (5). International guidelines
generally recommend CT for the detection of non-
adenomas because of its effectiveness and low cost (4).
It is suspected in terms of malignancy that the detected
adrenal lesions have irregular border, inhomogeneous
structure, calcification, mass diameter >6 cm, a
“washout” of contrast after 15 min of less than 40% and
hounsfield unit (HU) value >10 on CT findings (4).
There are few studies comparing the efficacy of CT and
MR in the differentiation of pathologically confirmed
adrenal lesions from adenoma and non-adenoma (6,7).
In addition, studies evaluating the direct and indirect
costs of the preferred imaging method and screening
tests are much less (8).
CT and MR costs are close in our country. For this
reason, it is planned to compare the direct and indirect
costs of contrast-enhanced CT and contrast-enhanced
MR imaging methods over a 4-year period in the
differentiation of adrenal lesions referred to the

endocrinology outpatient clinic.

MATERIALS AND METHODS
Patients who applied to the endocrinology, metabolism
and diabetes clinics between January 2016 and June

2022 were searched through the hospital database. A

total of 821 patients diagnosed with adrenal adenoma,
who met the criteria and whose file information could be
obtained, were identified. The present study was
approved by the ethics committee of the Health Sciences
University, Bursa Yuksek Ihtisas Training and Research
Hospital (2011-KAEK-25 2022/02-11). CT, MR,
pathology, laboratory and other information of the
patients were obtained from the patient files. For cost
calculation, social health insurance (SHI) payment
information for the year 2022 was obtained from the
accounting department; CT with contrast was 170
Turkish Lira (b), MR with contrast was 202 b and the
package price of unilateral laparoscopic adrenalectomy
was 18036 b.

For price calculation; it is stated that 500 adenoma
patients were referred equally to CT and MR, and there
was no data on how many of those diagnosed with non-
adenoma were referred for the operation at the 2nd or
3rd follow-up, after the 1st control. The scenario was
used, in which those diagnosed with adenoma were
followed, and standard follow-up was done every 6
months for 4 years.

IBM® SPSS Statistics 20 program was used to compare
the data. After the normal distribution was determined,
the independent samples "t" test was performed for the
data showing normal distribution. A p<0.05 was

considered statistically significant.

RESULTS

General features

31 patients, 8 men and 23 women, who were operated
and whose file information was obtained, were
identified. The mean age of the patients was 48.1+17.7
years, the mean age was 44.1+25.2 years in those
diagnosed with non-adenoma, and 50.1+13.1 years in
those diagnosed with adenoma (p>0.05). The largest
tumor (TM) diameter was found to be 49.5+35.0 mm in
the whole group, the largest TM diameter was 72.1+22.4
mm in the non-adenoma group, and the largest TM
diameter was 38.7+30.9 mm in the adenoma group

(p=0.004). As radiological examination, 19 patients
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were evaluated with MR, 18 patients with CT, and 6
patients were evaluated with both CT and MR.

Cost calculation in the differentiation of adenoma and
non-adenoma;

In the MR group, radiological examination costs 653672
b in 4 years for 500 people, and in the CT group,
radiological examination costs 425000 % in 4 years for
500 people. Due to the use of MR, the cost of
radiological examination for 4 years is 457,3 b, and the
annual cost is 114,3 b per person. In addition, when the

cost is calculated based on the situation in which non-

adenoma patients are referred to adrenalectomy, the

total cost is 3402360 b in the MR group and 4849000 b
in the CT group. In the CT group, an extra cost of
2893,3 b per person for 4 years and 723,3 b per person
for 1 year is incurred. When the excess radiological cost
is deducted, an extra cost of 2435,9 1 per person for 4
years and 609,0 b for 1 year per person occurs in the CT
group.

In addition to the high cost of using CT and MR as a
radiological examination, the correct decision could not
be made in 122 (24.4%) of 500 patients in the CT group

and in 26 (5.2%) of 500 patients in the MR group.

CT
/ 500 \
Adenoma Non adenoma

Decision of the test / 300 (60%) \ W 200(40%) \

Adenoma Non adenoma Adenoma Non adenoma
Factual situation 267 (89%) 33(11%) 89 (14.4%) 111 (55.6%)
Ratio of all patients 53.4% 6.6% 17.8% 222%

MR
/ 500 \
Adenoma Non adenoma
Decision of the test l/ 342 (68.4%) \ L 1016 S
Adenoma Non adenoma Adenoma Non adenoma

Factual sitnation 342 (100%) 0 26(16.7%) 132(83.3%)
Ratio of all patients 68.4% 0% 52% 264%

Figure 1: Decision of the test and factual situation for the diagnosis of adenoma and non adenoma, assuming that 500

people are referred equally to MR and CT

Cost calculation for the diagnosis of heochromocytoma
In the MR group, radiological examination costs 653672
b in 4 years for 500 people, and in the CTgroup,
radiological examination costs 404600 b in 4 years for
500 people. Due to the use of MR, the cost of
radiological examination for 4 years is 498,1 H and the
annual cost is 124,5 b per person. In addition, in non-
adenoma patients referred to adrenalectomy, the total
cost is 2745560 b in the MR group and 5099140 b in the

CT group. In the CT group, an extra cost of 4707,2 & per
person for 4 years and 1176,8 b per person for 1 year is
incurred. When the excess of radiological cost is
deducted, an extra cost of 4209 b per person for 4 years
and 1052,3 b per person for 1 year occurs in the CT
group.

In addition to the high cost of using CT as a radiological
examination, the correct decision could not be made in
88 (17.6%) of 500 patients in CT group, and 79 (15.8%)
of 500 patients in the MR group.(Figure 2)
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- A

Adenoma Pheochromocytoma

Decision of the test 235 (47%) < 265 (53%) \

Adenoma Pheochromocytoma Adenoma Pheochromocytoma
Factual sitnation 235 (100%) 0 88(33.3%) 177 (66.7%)
Ratio of all patients  (47%) %) (176%) (354%)

MR
/ 500 \
Adenoma Pheochromocytoma
ision of the test / 342 (68.4%) \ / 158 (31.6%) \

Adenoma Pheochromocytoma Adenoma Pheochromocytoma
Factual situation 342 (100%) 0 (0%) 79 (50%) 79 (50%)
Ratio of all patients  68.4% 0% 158% 15.8%

Figure 2: Decision of the test and factual situation for the diagnosis of pheochromocytoma, assuming that 500 people

are referred equally to MR and CT

Cost calculation for the diagnosis of malignant mass

In the MR group, radiological examination cost is
718312 b in 4 years for 500 people, while in the CT
group, 493000 b radiological examination costs are
incurred in 4 years for 500 people. Due to the use of MR,
the cost of radiological examination for 4 years is 450,6
b, and the annual cost is 112,7 B per person. In addition,
in non-adenoma patients referred to adrenalectomy, the
total cost is 2745560 b in the MR group and 4015200 b

in the CT group. In the CT group, an extra cost of 2539,3
b per person for 4 years and 634,8 b per person for 1 year
is incurred. When the excess radiological cost is
deducted, inthe CT group 2088,7 1 for 4 years and 522,2
b for 1 year excess cost was detected per person.

In addition to the high cost of using CT as a radiological
examination, the correct decision could not be made in
166 (33.2%) of 500 patients in CT group, and 29 (5.8%)
of 500 patients in the MR group.

Adenoma

Malignancy

Decision of the test / 300 (60%) \ / 200 (40%) \
Adenoma Malignancy Adenoma Malignancy
Factual situation 267 (89%) 33(11%) 133 67
Ratio of all patients (53.4%) (6.6%) (26.6%) (13.4%)
MR
/ 500 \
Adenoma Malignancy
Decision of the test / 382(76.4%) \ / 118 (23.6%) \
Adenoma Malignancy Adenoma Malignancy
Factual situation 382 (76.4%) 29(25%) 89(75%)
Ratio of all patients  (76.4%) (5.8%) (17.8%)

Figure 3: Decision of the test and factual situation for the diagnosis of primary or secondary adrenal malignancy,
assuming that 500 people are referred equally to MR and CT
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DISCUSSION

In the light of our study, it is clearly seen that contrast-
enhanced CT is insufficient in the differentiation of
adenoma and non-adenoma adrenal lesions referred to
the endocrinology outpatient clinic in conditions where
the costs are close to each other, and this situation will
increase indirect costs such as unnecessary
adrenalectomy and hospitalization. If there is a
significant difference between CT and MR costs; it
seems more appropriate to evaluate with contrast-
enhanced MR before adrenalectomy and in case of
clinical and radiological incompatibility.

Differentiation of adrenal adenoma and non-adenoma
with CT is basically based on HU values in the
unenhanced, portal phase and late series (9). The HU
values in the unenhanced series are the most commonly
used to differentiate between adrenal adenoma and non-
adenoma, with a sensitivity of 0.96 and a specificity of
around 0.73 (6, 10-12). In non-contrast series, if the HU
value is below 10, adenoma is diagnosed (10-12), but it
is not easy to distinguish between adenoma and non-
adenoma with HU values >10 (6). In order to correct this
situation, the absolute and relative contrast washout
ratio, which is calculated according to the HU value in
the early and late portal phase, is examined (9).
However, despite all these, the reliability of CT in the
distinction between adenoma and non-adenoma is not at
the required level (9). The situation is slightly better in
contrast-enhanced MR. In their study, Inan et al. found
the sensitivity of contrast-enhanced MR as 93% and the
specificity as 100% (13). However, MR is a more
expensive and time-consuming technique than CT. In
our study, it was observed that in 166 (33.2%) of 500
patients an incorrect decision was made in the case of
using CT as a radiological examination, whereas in 29
(5.8%) of 500 patients an incorrect decision was made
in the case of using MR. Advanced evaluation is
required in patients who are referred to the
endocrinology outpatient clinic with suspected adrenal
non-adenoma; requesting contrast-enhanced CT as the
second examination to distinguish between adenoma

and non-adenoma will cause the patient to receive

unnecessary re-radiation and unnecessary adre-
nalectomy at a higher rate than MR. In addition,
considering that patients should be followed for at least
4 years, MR imaging seems to be more appropriate in
terms of decision-making, since it does not contain
radiation in this process.

When the Turkish digital database was searched, we
could not find any study comparing the direct and
indirect costs of CT and MR in the diagnosis of adrenal
adenoma and non-adenoma, but there may be studies
that are not included in the index. Dwamena et al.
evaluated the cost-effectiveness of nine different
diagnostic methods, including non-contrast CT,
chemical shift MR, and 1131-6B-iodomethyl-
norcholesterol (NP-59) scintigraphy in their analysis,
and they found that a cut-off value of HU<10 in non-
contrast CT was accepted as adenoma, the
cost/effectiveness of CT and MR was similar, and NP-
59 scintigraphy was the most cost-effective method
(14). In their analysis, they determined that the MR was
more reliable than CT, but CT was more cost/effective
CT (14). Unlike our study, there is a significant
difference between the prices of CT and MR in the
studies of Dwamena et al. (14). In the studies of
Lumachi et al.(15), it is seen that the price of CT is 120
euro (€) and the price of MR is 450 euro (15). In this
study, the sensitivity of CT was found to be 80-85%,
specificity 65-70%, price/effect ratio 1.46; the
sensitivity of MR was found to be 90-95%, specificity
80-85%, and price/effect ratio 4.89 (15). The ratio of
MR price/CT price is 3.75, MR price impact ratio/CT
price/effect ratio is 3.35, in this case, we can say that MR
makes more accurate decision in case of equal price
(15). The price difference between them is almost 4
times. Although there is such a price difference, CT is
generally preferred because the diagnostic accuracy
does not differ from each other at the same rate (15). In
our country, the price difference between MR and CT is
not very significant, which leads to questioning the
indirect costs caused by the diagnostic power of CT and
MR.
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Weaknesses of the study; firstly, the study population is
very small, larger-scale studies will contribute to the
enlightenment of the subject. Another weakness is that
the follow-up status of the patients who were not
referred for the operation is not known. With this
information, a more accurate cost-effectiveness analysis
can be made. Since the study design was retrospective,
the number of patients to be enrolled was not calculated
in prior, and since patient information was obtained
from patient files, no comparison could be made
regarding the technical methods used.

In our country, contrast-enhanced MR instead of CT for
further radiological evaluation and follow-up in patients
referred to the endocrinology outpatient clinic for
adenoma and non-adenoma examination, contributes to
lower the total costs by reducing unnecessary

interventions.
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