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ABSTRACT
Fluoroscopy upper GI series are widely used for the diagnosis of gastroesophageal reflux
disease in children. Pediatric radiological procedures bring concern due to the high life
expectancy and radiosensitivity on children, as well as the risks to the exposed staff
Important studies present the mean KAP values on patients and the European Commission
(EC) recommends specific techniques for these procedures. For the occupational expositions,
staffs doses must be within the annual limit, according to the CNEN 3.01. Based on those
data, the aims of the current study are: analyzing the upper GI procedure; determining the
KAP on the patient and estimating the annual equivalent dose on the staff s crystalline. LiF
:Mg,Ti TLDs were positioned on the patient upper chest center, so that the entrance surface
air kerma could be determined. The field size on the patienf s surface and the kerma were
multiplied so that the KAP was obtained. LiF:Mg,Cu,P dosimeters were used to estimate the
equivalent dose on the staff s crystalline. The results showed discrepancy in the kVp range
and in the exposure time when compared to the EC data. The mean KAP values for the 0-1,13 and 3-10 years old patients were, respectively: 102 ± 19 cGy.cm2, 142 ± 25 cGy.cm2 and
323 ± 39 cGy.cm2; which are higher than the KAPs presented in the studies used for
comparison. The estimated annual equivalent dose in the staff s crystalline would be
approximately 85% higher than the limit set by the CNEN. Analyzing the data, it becomes
clear that an optimization implementation is necessary in order to reduce the radiation levels.

1. INTRODUCTION
Ionizing radiation has become an indispensable tool when it comes to diagnosis and therapy
However, it should be used rationally, especially as far as pediatric procedures are concerned
[1]Upper Gastrointestinal (GI) series using fluoroscopy are widely used for the diagnosis of
gastroesophageal reflux disease in children. They bring concern not only to the patients',
since they have higher radiosentitivity and life expectancy compared to adults, but also to the
exposed staff s risks [1-2].

This statement is reinforced by Regulla et al., which reported that fluoroscopic procedures,
especially the interventional and the upper GI series, provided lower doses only when
compared to computed tomography (CT) scans [3].
Weir et al. stated that the mean kerma-area product (KAP) received by patients undergoing
upper GI series, for different age ranges, are: 25.8 ± 10.2 cGy.cm2, 28.73 ± 16.23 cGy.cm2
and 33.04 ± 17.50 cGy.cm2, respectively, for >1, 1-3 and 3-10 years old [4].
Other research, developed by Hiorns et al., performed a similar study, with different patient
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age ranges, and found out the following KAP results: 6.4 ± 8.6 cGy.cm , 9.5 ± 11.4 cGy.cm
and 24.7 ± 26.0 cGy.cm2, respectively for >1, 1-7 and >8 years old [5].
Also, the European Commission (EC) has protocols and guidelines for upper GI fluoroscopy
procedures that must be observed, like keeping the kVp range higher than 70 and exposition
time lower than 20 ms [6].
As for the occupational exposures, it is very important that professionals follow the technical
standards of radiation protection strictly. The human body contains cells, such as in the
crystalline, which exhibit high sensitivity to radiation; in other words, they are more likely to
suffer effects due to exposure. Such exposure may bring damage to these irradiated cells and
limits of the annual dose were stablished. For the crystalline region, for example, the annual
equivalent dose limit is 20 mSv, according to the CNEN 3.01 [7].
Based on these data, the aims of the current study are to: a) analyze the upper GI procedure;
b) determine the KAP on the chest area of these patients; c) estimate the annual equivalent
dose on the crystalline region of exposed professionals during these procedures.

2. MATHERIALS AND METHODS
The current study was performed from October 2013 to April 2014 in an important infant
Hospital in Brazil. 23 patients (0 to 16 years old) who were subjected to the procedure were
studied. Before the beginning of the research, the project was approved by the Hospital's
Ethics Committee and a consent term, which was read and accepted by the child's parent, was
drafted.
In order to analyze the upper GI procedure characteristics, a form was filled with
anthropometric information from the patients (such as, sex, age and thickness of the upper
chest) and technical data about the exam (radiography kVp and mAs, fluoroscopic kVp and
mAs, field size on the table and focus-table distance). The procedures were realized in an
overcouch Philips Fluoroscopy equipment (model "Diagnost 93"), Fig. 1.
To determine the KAP on the chest area, 3 pairs of thermoluminescent dosimeters LiF:Mg,Ti
(TLD-100), properly packaged in plastic envelopes, were positioned on the patienfs upper
chest center (Fig. 2), so that the entrance surface air-kerma could be determined.
The focus-table distance was subtracted by the thickness of the patienfs upper chest, so that
the focus-patient distance could be determined. Having the focus-table distance, focus-
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patient-distance and the field size (on the table), it is possible to calculate the field size on the
patient through the application of math concepts of similar triangles.
Finally, the KAP was obtained multiplying the field size on the patient by the mean entrance
surface air-kerma. Fig. 3 shows the dosimeters and the TLD reader employed.

Figure 1. Philips "Diagnost 93" fluoroscopy equipment

Figure 2. On the patient upper-chest, 3 packages of
TLD (each package corresponds to one pair of
dosimeter LiF:Mg,Ti) can be seen. Patient (girl) is
>7 years old.

Figure 3. TLD Reader-Analyzer Ra'04 and the
dosimeters (from "Radpro International GmbH")
used at this study [8].
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The estimative of the equivalent dose on the staff s crystalline region was determined using 2
pairs of LiF:Mg,Cu,P (MCP); each pair positioned near each eye (Fig. 4).

Figure 4. MCP pairs next to the staff 's eyes. A lateral view; B - frontal view.

Generally, two professionals accompany the procedure in the examination room:
a) The first one stays next to the patienfs head, administering the barium sulfate (the
contrast material) during the procedure,
b) The second stays near the patienfs legs for immobilization.
For this reason, both individuals were monitored.

3. RESULTS AND DISCUSSION
The results from the data procedure have shown discrepancy when compared to the EC
recommendations. It was observed that the mean values of kVp varied from 55 to 63.5 significantly different from the minimum kVp stipulated by the guideline (Fig. 5). It was also
observed that only 8.7% of the examinations had exposition times lower than 20 ms.
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Figure 5. Comparison between the current study
kVp and the EC data.
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The approximate mean KAP values for the patients are presented in Table 1, as well as the
comparison with the literature.

Table 1. Comparison between the KAP values from two studies and the current one.
AGE RANGE (years)
0-1
1-3
3-10
0-1
1-7
>8

Mean KAP Values (cGy.cm2)
Weir et al.
Current Study
25.8 ±10.2
100 ±19
28.73 ±16.23
140 ±25
33.04 ±17.50
320 ± 39
Hions et al.
Current Study
6.4 ±8.6
100 ±19
9.5 ±11.4
240 ±47
24.7 ±26.0
340 ±66

The table above shows higher values than the comparative data. This may be explained due to
the fact that the body size affects the dose received. It would be then ideal, as also concluded
by Hiorns et. al. [5], to assign patients into narrow age groups which would not have large
ranges of body weight and size.
In addition, there were other problems:
• The difficulty in conducting tests in uncooperative children. This occurred with <1
year old patients, generating very high values of KAP;
• The radiographic techniques performed by the operators did not obey to the same
patterns. For example: in some days, it was the physician who handled the equipment
and, in other days, different operators.
• Attempting to perform procedures with lower dose, operators did not obtain high
quality images in radiographies, what would be important to the diagnosis (and only
the last image hold was used).
As far as the staffs exposition is concerned, the annual equivalent doses to the nearest and
farthest staff from the equipment were estimated and the results are, respectively: 37 mSv
(85% higher than the annual limit set by the CNEN 3.01) and 19 mSv (95% of the limit). If
we extrapolate these averages for a 5 years period, the exposition of the nearest professional
will be above the limits set by the used normative.
Analyzing both results (patient and professional), it is observed the necessity to implement an
optimization routine, so that occupational and medical exposures can be reduced.

4. CONCLUSIONS
The aims of the current study were analyzing the pediatric upper GI fluoroscopy, determining
the KAP on the chest area of these patients and estimating the equivalent dose on the
crystalline region from professionals who are exposed during these procedures.
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The results obtained about the exam data have shown large discrepancy when compared with
the EC recommendations, higher KAP values than the comparative studies and higher
equivalent dose on the crystalline (in a 5 years extrapolation) than the limit set by CNEN.
These results show the importance on the implementation of some radiological protection
optimization, so that lower KAP, in the skin of pediatric patients, and staff doses can be
ensured.
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