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Abstract

Background and Aims: With the expanding use of diagnostic and therapeutic radiological
modalities in critically ill patients, doctors working in Intensive Care Units (ICUs) are
increasingly exposed to ionizing radiation. This risk of radiation exposure occurs not only
during bedside radiologic procedures, but also when ICU physicians accompany patients
to radiology suites. The aim of this study was to quantify levels of radiation exposure
among medical professionals working in the ICU. Materials and Methods: The study
was carried out prospectively over 6 months in the ICU of a tertiary-referral cancer
hospital. Two teams consisting of 4 ICU resident doctors each were instructed to wear
thermoluminescent dosimeters (TLDs) during their duty shifts. Standard radiation
protection precautions were used throughout the study period. TLDs were also placed
in selected areas of the ICU to measure the amount of scattered radiation. TLDs were
analyzed at the end of every 3 months. Results: The readings recorded on TLDs placed
in the ICU were almost immeasurable. The mean value of residents’ radiation exposure
was 0.059 mSy, though the highest individual reading approached 0.1 mSv.The projected
maximum yearly radiation exposure was 0.4 mSv. Conclusions: If standard radiation safety
precautions are followed, the cumulative radiation exposure to ICU resident doctors is
well within permissible limits and is not a cause of concern. However, with the increasing
use of radiological procedures in the management of critically ill patients, there is a need
to repeat such audits periodically to monitor radiation exposure.
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Introduction

Radiological investigations and therapeutics have
become an integral part of the management of critically
ill patients in the Intensive Care Unit (ICU). Patients
admitted to the ICU routinely undergo bedside imaging
procedures such as chest radiographs for diagnosing
heart, lung and other pathology, and for confirmation of
the position of devices like endotracheal tubes, nasogastric
tubes, central venous catheters and intercostal drains.
A review article has suggested that among ICU patients,
up to 65% of daily chest radiographs and 70-75% of chest
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computerized tomography (CT) scans reveal significant
or unsuspected abnormalities that may lead to a change
in the patient’s management.l"? Further, critically ill
patients are frequently transported to the CT scan as well
as digital subtraction angiography suites for diagnostic
and therapeutic procedures such as angiography,
embolization and stenting. In most situations, the ICU
team is responsible for the transport and management
of the patient in the radiology department for these
procedures. This can significantly increase the cumulative
radiation exposure to ICU personnel. There is, therefore,
potential radiation exposure to healthcare workers,
particularly for those working for long periods of time
in the ICU. Epidemiological data indicates that the
exposure to even low-dose radiation may be a cause for
concern because such exposure can result in leukemia,
thyroid malignancies and other cancers.? Nonneoplastic
effects of radiation include genetic mutation and
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developmental malformation in children whose mothers
were exposed to radiation during pregnancy.P! A
number of studies have looked at radiation exposure in
critically ill patients undergoing repeated radiological
procedures.** One study has specifically focused on the
pediatric age group probably in view of the high ratio of
exposure to patient size and the potential for long-term
sequelae as the radiation effects have a longer period
to become manifest.l’! However, the available literature
on the extent of radiation exposure to ICU personnel is
scarce and relates mainly to the level of scattered radiation
within the ICU."# The conclusion of these studies is that
the level of radiation exposure is extremely low and does
not pose a hazard to ICU personnel.”® None of these
studies have considered the additional radiation exposure
to ICU personnel involved in the management of critically
ill patients in the Radiology Department.

In our ICU in a tertiary care cancer referral center,
resident doctors working on 12 h shifts in the ICU are also
responsible for the transport and management of ICU
patients when they undergo diagnostic and therapeutic
procedures in the Radiology Department. We, therefore,
carried out this study to determine the total radiation
exposure to ICU resident doctors involved in the course
of their duties.

Materials and Methods

We conducted a prospective, observational study
in the ICU and postanesthesia care unit (PACU) of
a 500-bedded tertiary care cancer referral center in
Mumbai, India from September 2012 to February 2013.
The study was approved by the hospital’s institutional
ethics committee. All resident doctors who gave

voluntary written consent to participate in the study
were included. Since the study did not involve patient
contact, the requirement for obtaining consent from
patients was waived by the ethics committee. The study
was carried out in accordance with the principles of good
clinical research practice.

The resident doctors provide 24 h cover, working in
12 h shifts, with four doctors in each shift. In each shift,
these four doctors work in two locations. On one floor,
the ICU has a total of 14 beds as shown in Figure 1. On
another floor is the PACU with 23 beds, subdivided into
14 postoperative recovery room beds and 9 intensive care
beds [Figure 2]. Each resident has 3 days off work in a
2 week period. Residents provide care for patients in the
ICU and PACU and also accompany patients from these
locations for radiological procedures in the CT scan or
interventional radiology suites.

To detectlevels of radiation, we used thermoluminescent
dosimeters (TLDs) which are a type of radiation detector.
The TLD measures cumulative dose of ionizing radiation
exposure by measuring the amount of visible light
emitted from a crystal in the detector when the crystal is
heated. The amount of light emitted is dependent upon
the amount of radiation exposure. TLDs can measure a
wide dosimetric range (from 10 pGray to 10 Grays) of
radiation exposurel and are routinely used as personal
dosimeters because they are small in size, convenient to
use and not expensive.'” A TLD was given to each of
the four resident doctors; they were handed over to the
next team during shift changeover. In addition, three
TLDs were kept in nursing stations in ICU, and one
TLD was placed in the PACU. One TLD was kept in the
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Figure |: Layout of 14 bedded Intensive Care Unit. Location of thermoluminescent dosimeters are shown with filled triangles
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Figure 2: Layout of postanesthesia care unit showing location of thermoluminescent dosimeter in PACU (TLD surrounded by beds) and other in long lobby

as control TLD

doctors” duty room which was within the premises of
the ICU, and the last was kept as a control in the office
of the department of anesthesia, critical care and pain,
remote from ICU and PACU, and where no radiological
procedures were performed. Thus, a total of ten TLDs
were used in the study. Each of the TLDs was numbered
for easy identification and for analysis. The layout of ICU
and PACU is represented by Figures 1 and 2 respectively
and locations of TLDs are marked with filled triangles.

The participating resident doctors were instructed
to wear the TLDs at all times during their duty
hours. Standard radiation protection precautions
were practiced throughout the study period. Staff
not required to be present during radiographic
procedures were kept at least 3 m away from the patient
(a distance at which exposure from scattered radiation
is considered negligible).” It was ensured that patients
who were shifted from ICU to the radiology suite were
accompanied by one ICU resident and that the resident
was wearing his TLD throughout. Residents, if required
to be directly involved in the radiologic procedure in
suites, wore lead aprons, and the TLD was underneath
the lead apron.

Bedside chest X-rays in the ICU were done by Siemens
Multimobil 2.5 (Manufactured by Siemens Ltd, Goa,

India), CT and CT guided biopsies were performed
on Siemens Somatom Emotion 16 (manufactured by
Siemens Shanghai medical equipments Ltd, Shanghai
China) and GE light speed 16 (Manufactured by
General Electric Co., Milwaukee, USA) respectively.
Interventional radiology procedures were carried out
using GE Innova 4100 IQ (Manufactured by GE Medical
Systems, France).

The study was carried out in two phases of 3 months
each. At the end of the first phase, the TLDs were handed
over to Department of Nuclear Medicine for analysis
and another set of TLDs was issued at the same time.
During the period of the study, we maintained a database
of procedures performed both in the ICU and in the
radiological suites along with the bed number and the
patient’s hospital registration number.

The primary outcome of this study was to quantify the
cumulative radiation exposure to the resident doctors
working in the ICU over a period of 6 months in the
course of their duties. The secondary outcomes were to
measure the cumulative scattered radiation exposure
in various areas of the ICU calculated as the average
of readings of ICU TLD badges over 6 months and the
estimated cumulative radiation exposure to the resident
doctors per year.
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Results

Table 1 summarizes the procedures performed
during the study period. The control TLD placed in
the Department of Anesthesia served as a measure of
baseline atmospheric ionizing radiation, and all other
values are reported above this baseline. The results of
dosimetric analysis of residents TLDs during the two
phases are shown in Table 2. Readings from TLDs placed
in the nursing station and doctors” duty room during
both phases were immeasurable. The mean value of
residents’ radiation exposure was 0.059 mSv. The mean
values in the first and last 3 months were 0.052 and
0.069 mSv respectively, though the highest individual
value approached 0.1 mSv. Since this was recorded
in a 3 month period, the projected reading for similar
exposure throughout the year, even assuming a 24 h
duty period, would be 0.4 mSv, which is well below the
safety limit of 20 mSv/year."!

Discussion

Revolutionary progress in the field of medical imaging
has given a big leap to advances in medical diagnostics
and therapeutics. This development has also infiltrated
the field of critical care medicine, and radio-diagnosis
and interventional radiological procedures now play a
key role in the management of critically ill patients. While

Table I: Radiodiagnostic and therapeutic procedures during
the study

Type of procedure Number of procedures

September 2012- December 2012-
November 2012  February 2013

In the ICU
Bedside chest X-ray
Outside the ICU
(in radiology suite)
CT scans
CT angiography |
Tracheal stenting |
CT guided biopsy |
Mediastinal radiation |
CT guided percutaneous 0
transhepatic biliary drainage
CT guided pig tailing of collection 0 2

610 536

43
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ICU: Intensive Care Unit, CT: Computerized tomography

Table 2: Dose of radiation received by residents

TLD numbers Dose of radiation (mSv)

December 2012-
February 2013

September 2012-
November 2012

Resident | 0.0776 0.059
Resident 2 0.0621 0.051
Resident 3 0.0592 0.097
Resident 4 0.0089 Not measurable

TLD: Thermoluminescent dosimeter

this advancement offers the advantages of rapid bedside
diagnosis, and cost-effective and minimally invasive
treatment options to critically ill patients, it carries the
danger of exposure of patient and physician to radiation.
The detrimental effects of exposure to even low-level
ionizing radiation have always been known; however,
there is renewed concern because of its wide-spread
use in medical radio-diagnosis and therapeutics in
critically ill patients. It is, therefore, natural that there
may be concerns about the long-term effects of radiation
exposure to doctors working for long periods of time in
the ICU. In addition, where ICU doctors are responsible
for transport of patients to the radiology suite, the extent
of radiation exposure is increased. It is reassuring that the
results of our study confirm that the extent of radiation
exposure to critical care physician during the course of
his duty is well within acceptable limits.

There is considerable literature on occupational hazards
of radiation exposure among radiologists; however, it is
difficult to directly extrapolate the conclusions of these
studies to the ICU.'"*" Working conditions in the ICU do
not mimic those in radiology suites-working hours tend
to be long, there is a need to accompany mechanically
ventilated and hemodynamically unstable patients inside
the radiology suite for procedures, and ICU doctors
may sometimes take radiation safety norms lightly. Few
previous studies have looked at radiation exposure among
ICU personnel. A study performed ina trauma ICU (TICU)
has concluded that radiation exposure is not a significant
occupational hazard for the TICU personnel.”! Similarly,
another study looked into the radiation exposure to ICU
nurses and found that the exposure was well below
the permissible level.®! The findings of our study have
reiterated the results of these previous studies.

The strength of our study is that it was planned in a
more pragmatic way - apart from bedside radiological
procedures, we also took into account the radiation
exposure to ICU residents accompanying the patient
to radiological suites for diagnostic and therapeutic
procedures. lonizing radiation from fluoroscopy in
the CT scan or interventional radiology suites may be
significant and were not considered in the previous
studies. We also tried to measure the amount of
scattered radiation within the ICU and the PACU, which
contributes to overall radiation exposure. Even after
taking these additional sources of radiation exposure
into account, we found that the cumulative radiation
exposure was negligible.

Our study has some limitations. The number and types
of bedside and out-of-ICU radiological procedures can
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vary on a day-to-day basis according to the case-mix
of the ICU population, and this may affect the overall
radiation exposure; however, this study was carried out
over a period of 6 months, and the data obtained would
have been adequately representative. The other limitation
relates to the generalizability of the study; differences in
the types of cases, working pattern of resident doctors,
quality and maintenance of radiological equipment
between hospitals may restrict the applicability of these
results to other hospitals. However, given the large
margin of safety that our study has shown, it is unlikely
that exposure levels would be dangerously high in any
other setting. Though, with advances in technology, the
number and types of radiological procedures performed
on patients are likely to increase. Furthermore, there is a
growing trend toward using radionuclide-based positron
emission tomography scans for diagnostic procedures in
critically ill patients especially when they are admitted
to ICU during their diagnostic work-up. Some of these
patients may continue to emit radiation long after
their procedures are completed. Though none of these
patients featured in our study, it will add to the radiation
exposure to doctors.

The results of this study do not in any way underrate
the need to follow safety precautions, while carrying
out radiological procedures in critically ill patients.
The levels of exposure found in this study should be
interpreted bearing in mind that standard protection
norms were used by all personnel involved in the study.
With these precautions in place, radiation exposure to
doctors managing critically ill patients in the ICU is
minimal and acceptable.

Conclusions

Literature on radiation exposure among ICU
doctors is scarce. In addition to bedside radiological
procedures, the risk of exposure may be increased if the
same doctors accompany ICU patients for out-of - ICU
radiological investigations. However, we found
that if standard safety precautions were followed,
cumulative radiation exposure to ICU resident

doctor was well within permissible limits and was
not the cause of concern and hence routine personal
dosimetric monitoring is not needed for residents in
ICU. However, in view of changing practice, there is
a need to repeat such audits periodically to monitor
radiation exposure.
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