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Abstract. The authors prospectively studied the radia- 
tion doses to radio-sensitive organs secondary to 
bedside radiographs in intensive care patients and in a 
control phantom. Dosimeters were taped on different 
organs during each bedside X-ray. The mean radia- 
tion doses, expressed in 10 -SGy  (m-rad), for an 
"average patient" who was hospitalized 9 days and 
had 6 chest X-rays were respectively: 292 to the 
sternal bone marrow; 239 to the thyroid gland; 3 to 
the testes; 1 to the ovaries; 605 to the eye for 2 maxil- 
lary sinus X-rays. No diffused irradiation was mea- 
sured during a 2-month period in the intensive care 
unit nor on dosimeters worn by four nurses. 
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It has been recommended [8] that critically ill patients 
undergoing mechanical ventilation have frequent bed- 
side chest radiographs in order to detect changes in 
cardio-pulmonary anatomy and confirm the position 
of invasive devices frequently used in such patients. 
Repeated X-rays are performed, submitting radio- 
sensitive organs to unknown radiation doses. The 
radiation doses and risks of  various standard 
diagnostic radiological procedures have been exten- 
sively studied [5, 7], but no study has been performed 
to our knowledge on the secondary irradiation from 
bedside radiographs in an adult intensive care unit 
(ICU); studies have been conducted in pediatric ICUs 
[2, 12, 17]. We therefore decided to perform a 
prospective study in our medical ICU to evaluate the 
radiation doses to radiosensitive organs, consequent 
upon repeated bedside radiographs. 

Material and methods 

Patients 

Forty unselected patients admitted for various illnes- 
ses to our ICU were included in the study; they were 
divided into two groups: Thirty-five patients, 21 men 
and 14 women, mean age 58 years (22 - 86 years) had 
chest X-rays only, either to monitor the position of in- 
vasive devices such as endotracheal or tracheostomy 
tubes, central venous and pulmonary arterial 
catheters and /or  to follow cardiopulmonary changes. 
The mean duration of hospitalization was 9 days, 
ranging from I day in a 22-year-old man admitted for 
a drug overdose to 28 days for a 52-year-old man with 
post-operative peritonitis. The 35 patients had 197 
chest X-rays, a mean of 6 X-rays per patient (Fig. 1) 
and an average of 1 X-ray each day and a half. The 
extremes ranged from 1 X-ray in the patient who 
stayed 1 day to 21 X-rays in the patient who stayed 28 
days. 

Five patients, all men, mean age 51 years ( 1 9 - 8 2  
years), had both chest and maxillary sinus X-rays, to 
investigate acute sinusitis. The mean duration of 
hospitalization was 11 days (9 to 13 days). These pa- 
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Fig. 1. Number of chest X-rays per patient. Total: 35 patients; 197 
X-rays 
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parameters were 76 kv, 15 mAs, 2 mm A1 filter and 
source to skin distance was 1 m. 

A quality control of the X-ray beam showed a 2.4 
mm A1 half-value layer within a wide beam and a 
27 keV mean energy, measured according to publish- 
ed recommendations [15]. 

Fig. 2. The control phantom with position of dosimeters during 
X-rays 

tients had a mean of 6 chest X-rays (range 4 to 10) and 
2 maxillary sinus X-rays. 

Control 

An R-T Humanoid  Phantom (Humanoid Systems, 
Humanetics Inc, Carson, California, USA) was used 
as a control for  in vitro measurements (Fig. 2). This 
phantom is molded about a natural human skeleton, 
selected to correspond with an external body size of 
height 5 ft 9 in and weight, 162 lb. It reproduces exact 
body anatomy, including air spaces and lung density, 
and is made of tissue-equivalent material (urethane). 
The phantom had a combination of 6 chest X-rays 
and 2 maxillary sinus X-rays as this was the mean 
number of  X-rays per patient. 

X-ray tube 

All bedside radiographs were performed with a 
portable type Practix apparatus (Philips Medical Sys- 
tems, Eindhoven, Netherlands), using 3 6 x 4 3 c m  
films with a standard screen. The mean radiological 

Dosimeter disks 

During each bedside radiograph, solid-state lithium 
fluoride thermoluminescent dosimeters (Teledynes 
Isotopes, D. LIF 7 - 0 , 4 ;  Physics Systems, Ramboui- 
llet, France), were taped on the following parts of the 
body: 

1. during chest X-rays: on- the  thyroid gland; the 
xyphoid process (sternal bone marrow); on the 
gonads: testes in men: ovaries in women (2 cm 
above the pubis, 5 cm to the left of the median 
line); in 5 patients, who had 5 to 7 X-rays, on the 
eyelids. 

2. during maxillary sinus X rays (MSR): on the 
eyelids. 
The dosimeters were taped in the same positions on 
the phantom for control measurements (Fig. 2) 
and were calibrated directly within the X-ray beam 
used for the bedside radiographs, enabling adjust- 
ment of  the calibration of  the disks to the true 
quality of the X-ray beam itself. 

Dosimeters were also taped on the walls of  the 
ICU (12beds, 300m2): 2 inside patient's rooms, 2 
outside the rooms, 1 in the hallway and 1 in the moni- 
toring control room; they remained for 2 consecutive 
periods of I month. During this same period, 4 nurses 
wore a dosimeter; the nurses remained in the hallway 
while X-rays were being taken. 

384 X-rays were performed during this 2-month 
period, including chest-, abdominal-, and maxillary 
sinus-X-rays in 62 patients, an average of  6 X-rays per 
patient. 

Analysis of dosimeters and dose evaluation 

The dosimeters were analyzed on a model 654 RTL 
Toledo apparatus (Pitman Instr. Weybridge, Surrey, 
UK) coupled to a type 3021 Yew graphic plotter 
(Yokogawa Electric Works, Yokogawa, Japan). This 
analysis was performed when the patient left the ICU; 
the other dosimeters were analyzed after each l- 
month period in order to avoid loss of sensitivity due 
to prolonged utilization. 

The dosimetric calculation was performed accord- 
ing to the principle and standards of  thermo- 
luminescence [10]. Under our standard operative 
procedures, the accuracy of  measurement is + 10°70 
for doses in the range of  10 -5 Gy (mrad) and +2O7o 
for doses in the range of  10 -2 Gy (rad). Two types of  
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Table 1. Chest X-rays: radiation doses to radio sensitive organs in 35 patients and in the control phantom 

Bone marrow Thryoid Testes Ovaries 
(Xyphoid) gland (n = 21) (n = 14) 

Patients Mean dose per patient 292 239 ,~3 1 
n = 35 
(range) (17 - 1127) (14 -  1042) ( ~ 1 - 7) ~ 1 - 8) 

Mean dose per X-ray 49 40 ,~ 1 < 1 
n = 197 
(range) (13 - 126) (13 - 82) ( ~  1 - 3) ( ~ 1 - 2) 

Control Total dose for 6 X-rays 294 216 ,~ 1 ~ 1 

Phantom Mean dose per X-ray 49 36 .~1 < 1 

Doses are expressed in 10 -5 Gy (mrad) 

measurements were made: firstly the dose to skin 
within the X-ray beam itself and secondly we estab- 
lished the relative depth absorbed dose curve in tissue- 
equivalent material. We then calculated the real dose 
to each radiosensitive organ according to its mean 
depth under the skin using the previous results; this 
real dose to organs is expressed in 10-5 Gy (mrad), the 
standard unit of  absorbed radiation dose. Values 
shown as ,~1 are not measurable.  All values are 
rounded up to the closest unit. 

Results 

1. Table 1 shows the radiation doses to radiosensitive 
organs in the 35 patients who had only chest X-rays 
and in the control phantom.  
2. The radiation doses to the eye are the following: in 
the 5 patients who had only chest X-rays, the mean 
dose per patient was 27 • 10 -5 Gy (range 1 to 54) and 
the mean dose per X-ray was 4.5 • 10-5 Gy (range ~ 1 
to 8); in the 5 patients who had both chest- and maxil- 
lary sinus-X rays, the mean dose per patient was 
605 • 10 -5 Gy (range 446 to 842); in the control phan- 
tom the total dose was 504 • 10 -5 Gy. 

An "average patient" can thus be defined: he 
remained 9 days in the ICU and had 6 chest - and 2 
maxillary sinus - X-rays. The mean radiation doses 
delivered to radiosensitive organs are shown in Ta- 
ble 2. 
3. The radiation dose on the dosimeters which were 
taped on the walls of  the ICU and which were worn by 
four nurses during 2 consecutive months was not mea- 
surable in either case. 

Discussion 

The utilization of a control phan tom for in vitro mea- 
surements, the calculation of  real doses to radiosensi- 
tive organs and the study of  doses to the eye in case of  

maxillary sinus X-rays considerably improved the 
evaluation of  irradiation doses compared to our pre- 
liminary results [1]. Doses in patients and in the con- 
trol phan tom are not significantly different. 

Our results call for several comments:  The wide 
variation of doses per chest X-ray is most  probably 
due to the conditions under which bedside X-rays are 
performed.  The intrinsic variations due to the output  
of  capacitors of  the portable apparatus are unavoid- 
able since they are independant of  human  control. 
But the precision of  the collimation of  the irradiation 
field, which can be achieved with more rigourous at- 
tention, is an important  factor in reducing unneces- 
sary irradiation to nearby organs [7]. The irradiation 
undergone by patients calls for different conclusions 
according to the organ considered: 
1. The radiation dose to the gonads is negligible, cer- 
tainly because they are not in the irradiation field. 
Thus no radioprotective measure is necessary, except 
of  course in case of  suspected or proven pregnancy. 
2. The mean dose to the thyroid gland and to the 
sternal bone marrow are noteworthy since they repre- 
sent, delivered over a very short period of time, one 
and a half  time the annual natural  irradiation in Brit- 
tany, a granitic region with an important  natural 
radioactivity, 150 to 200 .10  -5 Gy [14]. Is protection 
therefore justified? The stochastic risks of  a radiation 
induced leukemia or thyroid gland malignancy are re- 
spectively 5 .10-4Sv - I  and 2 .10-3Sv  - t  accordingly 

Table 2. Mean radiation doses to radiosensitive organs in an 
"average example patient": 6 chest - 2 and maxillary sinus - X- 
rays 

To the eye 605 • 10 -5 Gy 
To the thyroid gland 239- 10 -5 Gy 
To the bone marrow 292- 10 -5 Gy 
(lower part of the sternum) 
To the gonads 

Testes 3 • 10- s Gy 
Ovaries 41 . 10 .5 Gy 
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to the IRCP [6]. Also it has been demonstrated that 
doses as high as 60-10-2 Gy delivered with iodine 131 
therapy did not increase the incidence of malignant 
thyroid disease over a 13 year survey period [3], doses 
considerably more important than the 1,04- 1 0 - 2 G y  
maximal thyroid dose in our patient who had 21 chest 
X-rays. Therefore the doses received by our patients 
are in all cases negligible with regard to possible 
carcinogenic risk; no special thyroid radioprotective 
measure is necessary. 
3. The mean dose to the eye due to 2 maxillary sinus 
X-rays must be considered, especially in patients over 
50 years old, a usual situation in an ICU. The risk of  
radiation-induced cataract [9] and retinopathy [16] is 
well known, especially after radiotherapy of  maxillo- 
facial malignancies. Even though the doses received in 
the ICU are considerably smaller, no one knows their 
long-term effects. Therefore we suggest putting lead 
eye glasses on the patients during maxillary sinus X- 
rays. 

The absence of  measurable irradiation in the ICU, 
over a long period, in the patient's rooms as well as in 
the technical rooms, makes it unnecessary to incor- 
porate specific radioprotective measures in the plann- 
ing of  ICUs. The absence of  measurable irradiation 
on the dosimeters worn by 4 nurses during the same 
period of  time also proves that ICU personnel are not 
at risk from irradiation, provided they leave the room 
in which an X-ray is being taken; radiographers must 
of  course wear lead protection. 

The average annual whole body dose rate due to 
medical usage has been estimated to be 73.10-5 Sv per 
year per individual [5]. Acutely ill patients are sub- 
mitted to higher radiation doses of multiple radio- 
logical procedures not only in the ICU. The risk of 
low level radiation is considered to be very conserva- 
tive [5, 11], even though it is difficult to determine the 
long term effect of  repeated small doses; moreover 
there is no linear relationship between small range 
doses and tissue effects [11]. Therefore the medical 
radiation-induced risk must not be a subject of un- 
reasoned public fear. 

However, reducing medical irradiation must still 
be an aim. Technical improvements such as special 
screens or filters [7] and practical measures such as 
adequate collimation of  the irradiation field [7] are 
important.  Our proposal of a leaded eye protection 
during maxillary sinus X-rays may be of interest in 
people over 50 years old. However the main effort  
must be to limit repeated bedside radiographs if they 
are not essential [4-13].  
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