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ABSTRACT 

 
The medical use of ionizing radiation contributes significantly to population exposure to radiation. This study 

aimed to evaluate the diagnostic procedures carried out in nuclear medicine  (SMN) in Pernambuco and Alagoas 

in order to gather data to subsidize the proposal of reference levels for nuclear medicine in Brazil. Data were 

collected  of the SMN in Pernambuco and  Alagoas in the period of 2005 to 2009, according  by UNSCEAR. 

The study used data from IBGE. The results showed that the total number of examinations in the period 2005 to 

2009 was 34.828 in Pernambuco and 27.700 in Alagoas,  corresponding to 6.966 and 5.540 average annual 

examinations in Pernambuco and Alagoas, respectively. The total number of examinations performed in both 

states in 2009 was twice the number carried out in 2005. Scintigraphy is the cardiovascular examination most 

performed in both states, followed by bone scintigraphy. Tc-99m is the radionuclide used most often, followed 

by I-131. The number of tests using Tc-99m in 2009 doubled when compared with the examinations performed 

in 2005. The results indicate that there has been a significant increase in the number of examinations in MN, and 

that females outnumber males, as far as the use of this diagnostic resource is concerned. The study of the 

activities of the radionuclides administered to patients in the states of Pernambuco and Alagoas showed that 

they are high when compared to the values recommended by the IAEA in its Safety Report Series Document 

No. 40. 

 

 

1. INTRODUCTION 

 

The medical use of ionizing radiation contributes significantly to population exposure to 

radiation. Nuclear medicine offers a variety of diagnostic procedures used in various medical 

specialties such as oncology, cardiology, neurology and endocrinology. As a result, the 

radiation exposure of patients has increased in recent years due to extensive use of 

radiopharmaceuticals in medical practices [1]. As the dose limits do not apply to medical 

exposures, the International Atomic Energy Agency [2] recommended levels of guidance for 

diagnostic procedures in nuclear medicine, these levels being the activities that are 

administered to patients (typical adults) [3]. The activity administered must be revised so that 
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unnecessary exposures causing a risk not associated with a benefit to both patients and 

workers and for the general population are avoided [4]. 

 

In Brazil, there are few reports about the magnitudes of the activities administered to patients 

involved in nuclear medicine procedures, mainly in the North and Northeast. In a survey 

carried out in Pernambuco in the period of 1990 to 1998, [5] observed that the values of the 

administered activities of Tc-99m and I-131 are high when compared to other countries (for 

example, the United States and the Netherlands) and to those recommended by the IAEA. 

Surveys conducted in Pernambuco, Paraíba and Alagoas in the period 2000-2004, show that 

the demand for this diagnostic modality is growing every year and that the activities 

administered in these procedures are still above those recommended by IAEA [6, 7, 8]. 

 

This study was carried out aiming to evaluate the protocols adopted by  nuclear medicine 

services in the states of Pernambuco and Alagoas, Brazil, comparing the activities 

administered to patients in those services to the ones found in other countries and with the 

reference levels recommended by the IAEA, and calculating the effective doses derived from 

those procedures. 

 

 

2. METHODOLOGY 

 

For this study, we used survey data collected from 57% of the clinical nuclear medicine 

services  in the State of Pernambuco and from 40% of the services in the state of Alagoas, in 

the period of 2005 to 2009. It is noteworthy to highlight that the surveys have only been 

performed in this percentage of services in each state because some clinics refused to provide 

data and others have stepped forward to later. 

 

Data were obtained from patients' records from the archives of each nuclear medicine service, 

regarding  sex, age, type of procedure performed, radioisotope used and the administered 

activity. The data regarding the types of procedures were grouped according to the form 

model used by the UNSCEAR encompassing brain, thyroid, thyroid (uptake), lungs 

(perfusion and inhalation), cardiovascular system, bones, liver, spleen, kidney, and others. 

 

The data regarding the type of procedure were grouped according to the model of the form of 

UNSCEAR, who relates in: brain, thyroid, thyroid (uptake), lungs (perfusion and inhalation), 

cardiovascular, bone, liver and spleen, kidney, and others. 

 

The annual frequency of examinations per 1000 inhabitants was calculated from the total 

number of annual examinations, based on the estimated number of inhabitants in the states of 

Pernambuco and Alagoas, according to the Brazilian Institute of Geography and Statistics [9]. 

 

3. RESULTS 

 

The survey showed that the total number of nuclear medicine examinations in the period of 

2005 to 2009 was 34.828 for Pernambuco and 28.701 for Alagoas, corresponding to an 

average of 6,966 and 5.540  annual examinations perfomed in Pernambuco and Alagoas, 

respectively. The average annual frequencies of screening per 1,000 inhabitants were 0.81 

and 1.87 for Pernambuco and Alagoas, respectively. The number of examinations performed 
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in 2009 doubled in comparison to 2005 (taking the two states together), as shown in Tables 1 

and 2. 

 

 

Table 1. Annual frequency of examinations in Pernambuco per 1,000 inhabitants. 

Year Number of Examinations Population (x 10
6
) Frequency/1000 inhabitants 

2005 3.445 8,41 0,41 

2006 4.856 8,50 0,57 

2007 5.142 8,49 0,61 

2008 10.988 8,73 1,26 

2009 10.397 8,81 1,18 

Average 6.966 8,59 0,81 

 

 

Table 2. Annual frequency of examinations in Alagoas per 1,000 inhabitants. 

Year Number of Examinations Population (x 10
6
) Frequency / 1000 inhabitants 

2005 2.505 3,01 0,83 

2006 6.158 3,05 2,02 

2007 6.377 3,01 2,12 

2008 6.855 3,12 2,20 

2009 6.806 3,15 2,16 

Average 5.740 3,06 1,87 

 

 

A comparison of these results with the studies carried out by [5] and [10] during the period 

spanning from 1990 to 2004, shows that the average number of nuclear medicine exams 

increased by an order of magnitude in the period of 2000 to 2004, while the frequency of 

examinations has almost doubled. This study showed a lower average frequency of exams 

performed in the state of Pernambuco when compared with the previous surveys (1990-1998 

and 2000-2004), which were 1.22 and 2.26 respectively. It is important to notice that this 

study evaluated only 57% of the nuclear services operating in the state of Pernambuco, while 

in the studies conducted between 1990-1998 and 2000-2004 100% of the services were 

included in the survey [5, 10]. 

 

Figures 1 and 2 show the number of the main tests performed in the Nuclear Medicine 

Services (SMN) in the states of Pernambuco and Alagoas, classified according to gender. As 

can be observed from the Figures that females account for 58% of the total number of tests 

performed in the state of Pernambuco whereas this number corresponds to 62% of the 

examinations performed in Alagoas. It can be also observed in Figures 1 and 2 that the 

number of women is higher than that of men in all nuclear medicine procedures evaluated in 

this studys. This result corroborates the findings from the work of [7, 8] where 63% and 60% 

of the examinations, respectively, were performed with female patients. Furthermore, women 
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account for almost twice the number of tests conducted on bone scintigraphy in relation to 

men in both states, mainly because of the high incidence of breast cancer in Brazil. 

 

 

 

 

 

 
Figure 1. Frequency of the main types of nuclear medicine 

examinations distributed according to sex in the period 2005-2009 in 

Pernambuco. 
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Figure 2. Frequency of the main types of nuclear medicine 

examinations distributed according to sex in the period 2005-2009 in 

Alagoas. 

 

 

 

 

The main types of nuclear medicine examinations performed in Pernambuco and Alagoas in 

the period 2005 to 2009 are shown in Figures 3 and 4. Cardiovascular scintigraphy is 

performed performed with roughly the same frequency in both states (54% in Pernambuco 

and 49% in Alagoas), followed by bone scintigraphy (27% in Pernambuco and 22% in 

Alagoas). The results show that, despite being only a sample of the services of the State of 

Pernambuco (57%), the myocardial perfusion examination remains the most prescribed test. 

This study confirms the results obtained by [10] in Pernambuco and Alagoas and by [8], who 

found frequencies of cardiovascular examinations of 50% and 53%, for the states of 

Pernambuco and Alagoas, respectively. The high frequency of cardiac examinations is linked 

to the fact that heart disease is one of the leading causes of death in Brazil [11]. 

 

These results, however, differ from those obtained by [12], in Spain, where the majority of 

the tests (45% of the total) were of bone scintigraphy. Studies carried out by [13] in Cuba and 

[1] in Germany, on the other hand, showed that thyroid scintigraphy was the test performed 

with the highest frequency (63% and 37% for the first and secon study, respectively). It 

should be noticed that myocardial scintigraphy test was not mentioned in studies conducted 

in Cuba and accounted for only 13% of the total examinations performed in Germany. 
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Figure 3. Percentage distribution of the most common types of nuclear 

medicine examinations performed in Pernambuco in the period from 

2005 to 2009. 

 

 

 
Figure 4. Percentage distribution of the most common types of nuclear 

medicine examinations in Alagoas in the period of 2005 to 2009. 

 

 

Figures 5 and 6 show the frequency of radionuclide use per year in the services of Nuclear 

Medicine in the states of Pernambuco and Alagoas. 
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Figure 5. Distribution of radionuclides used in nuclear medicine 

examinations in Pernambuco during the period 2005 to 2009. 

 

 

 

 
Figure 6. Distribution of radionuclides used in nuclear medicine 

examinations in Alagoas in the period 2005 to 2009. 

 

 

It can be seen that Tc-99m is the radionuclide used most, followed by I-131. The number of 

tests performed using Tc-99m in 2009 was twice the number carried out in 2005 considering 

the total number of exams in the two states. The large amount of Tc-99m compared to other 

radionuclides is due to the fact that this is the radionuclide of choice for performing most of 

the nuclear medicine examinations [14]. 

 

The study of the activities of the radionuclides administered in patients undergoing diagnostic 

tests in the SMN services in the states of Pernambuco and Alagoas is shown in Table 3. It is 
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noticed that the activities used are high when compared to the values set by the IAEA in its 

Safety Report Series Document No. 40 [2]. Similar results were obtained by [10] in 

Pernambuco and [7] in Paraíba. It is worth mntioning that these values are the ones 

recommended by the IAEA as a standard for adult patients (70kg). 

 

 

 

Table 3. Comparison of the activities used in SMNs in the states of Pernambuco and 

Alagoas with those recommended by the IAEA. 

Examination Radiopharmaceutical Administered Activity (MBq) 

Pernambuco Alagoas AIEA 

Bone MDP 1110 1110 600.0 

Thyroid – Tc
99m

 Tc-
99m

 462.5±130.8 370.0 200.0 

Thyroid –I
131

 I-
131

 3,7 3,7 20.00 

Lung  

( perfusion) 

MAA 444.0±28.79 333.0±261.6 100.0 

Lung  

(inhalation) 

MDP 1054±78.40  925.0±261.6 80.00 

Liver Est. Coloidal 499.5±78.49 296.0 80.00 

Biliary DISIDA 296.0±52.33 185.0 150.0 

Renal DMSA 222.0±52.33 111.0 160.0 

Renal DTPA 832.5±130.8 370.0 350.0 

Cardiovalcular 

 (Rest) 

MIBI 399.6±156.9 370.0±104.6 600.0 

Cardiovascular  

( Stress) 

MIBI 1021±470.0 936.4±130.8 600.0 

* Average±Standard deviation  

  

 

CONCLUSIONS 

 

The results indicate that there has been an increase in the number of examinations in Nuclear 

Medicine in Pernambuco and Alagoas, and that females are the ones that have used more this 

diagnostic tool. 

 

The study of the activities of the radionuclides administered in patients showed that the 

activities implemented in the states of Pernambuco and Alagoas are high compared to those 

recommended by the IAEA in its Safety Report Series Document No. 40. 

 

The study is ongoing in other Northeastern States, in order to be able to suggest reference 

values for nuclear diagnostic procedures in the region. 
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