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Abstract

In the light of a growing awareness of the risks of inducing skin injuries as a consequence of fluoroscopically
guided interventional procedures (FGIPs), this paper compares three methods of monitoring entrance surface
dose (ESD) It also reports measurements of ESDs made during the period August 1998 to June 1999 on 137
patients undergoing cardiac, neurological and general FGIPs. Although the sample is small, the results reinforce
the need for routine assessments to be made of ESDs in FGIPs. At present, the most reliable and accurate form
of ESD measurement would seem to be arrays of TLDs. However, transducer based methods, although likely to
be less accurate, have considerable advantages in relation to a continuous monitoring programme. It is also
suggested that there may be the potential locally for threshold dose area product (DAP) values to be set for
specific procedures. These could be used to provide early warning of the potential for skin injuries.

1. Introduction

In fluoroscopically guided interventional procedures, patients are being exposed to highly
localised X-ray sources for extended periods of time long enough to cause possible skin
injuries. A number of cases of severe skin injuries have been reported, which illustrate the
importance of dose saving techniques and monitoring procedures [1, 2]. The severity of
deterministic skin injuries increases with increasing absorbed dose and has a threshold level
under which no noticeable effects occur. Above a dose of 2 Gy, a transient erythema can
develop within hours of the procedure. This erythema is temporary and will fade within a
week or two. Skin injuries such as dermal necrosis and talangiectasis occur at much higher
doses of between 12 Gy and 20 Gy [3] and although cases have been reported of patients
receiving serious skin injuries suggestive of such high doses [4], most patients receive ESDs,
which are significantly below this level. A dosimetry study was undertaken comparing several
methods of monitoring patient dose with a view to identifying the most reliable and 'user-
friendly' method for routine use in a clinical environment.

2. Methods and materials

Doses were measured in one of three ways.

1. Thermoluminescent Dosemeters (TLD)

Lithium Fluoride (LiF) dosemeter chips were arranged in arrays of up to 35 chips. The
number of TLDs in each array and the position on the patient was optimised for each
procedure, based on a number of previous experimental trials. Patient details and exposure
factors were noted together with DAP meter readings. The maximum TLD reading was used
for comparison with the other measurement methods.

* Project partly funded by the Department of Health, United Kingdom.
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2. McMahon Medical'Skin Dose Monitor' (SDM) Model 104-101

The sensor contains a small scintillator in a reflective plastic housing, linked by a fibre optic
to a meter. The sensor is placed at the centre of the field on the skin using a disposable pad.
The energy range of the sensor is given by the manufacturer as being between 50 and 150 kVp
with a dose-rate range between 0.1 mGymin"1 and 3 Gymin'1. Calibration of the SDM was
carried out using a calibrated ionisation chamber. The SDM was used in conjunction with a
TLD array on each patient for direct comparison.

3. PTW M4-KDK Dose Area Product (DAP) Meter

The M4-KDK consists of two parallel plates, separated by a non-sensitive region. The plates
each have two chambers, connected to an electrometer. The central chamber is entirely within
the x-ray beam and measures the air kerma at the output face of the x-ray tube; an inverse
square calculation is performed to calculate ESD.

3. Results

1. ESD Measurements

ESD measured for cardiac, neurological and general procedures are shown in Tables I-III.
Results shown were obtained using the TLD arrays. Most ESD values are below 1 Gy.

Table I. ESDs measured during cardiac procedures

Procedure

Range (Gy)

Mean ESD (Gy)

Sample Size

RF
Ablation

0.03-
1.01

0.13

6

Angioplasty

0.38- 1.10

0.73

3

PTCA

0.02-
0.94

0.31

19

Diagnostic
LHC

0.06-
0.33

0.18

9

EPS

0.37-
0.42

0.40

2

Diagnostic
LHC&
Grafts

0.24-
0.34

0.29

2

Table II. ESDs measured during neurological procedures

Procedure

Range (Gy)

Mean ESD (Gy)

Sample Size

Angiogram

0.02-0.36

0.14

19

Embolisation

0.08-1.28

0.72

3

GDC Coiling

0.62-1.65

1.20

4
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Table III. ESDs obtained for two types of general interventional procedures

Procedure

Range (Gy)

Mean ESD (Gy)

Sample Size

Aortic Stent
Graft

0.37-3.34

3.09

3

PTA Iliac
Artery

0.23-0.97

0.42

4

Some monitored procedures do not appear in the above tables as insufficient numbers of
patients have been monitored. The highest ESD recorded (4Gy) was for a patient undergoing
a Renal PTA and Aortic Stent Graft.

A more simple method of monitoring ESD would be to establish a relationship between
measured ESD and DAP reading or fluoroscopy time. Correlation was determined through an
ordinary least squares regression model. No correlation between ESD and DAP data was
obtained for cardiac PTCA procedures. Some degree of correlation between ESD and
fluoroscopy time for general interventional procedures was found (R2 = 0.75, 16 patients) and
between DAP and ESD readings for neurological procedures using a 20cm field of view (R2 =
0.87, 10 patients).

4. Assessment of monitoring equipment

1. Thermoluminescent Dosemeters (TLD)

Each TLD was measured to be within 6% of the mean for each batch. TLD arrays were
considered the most consistent and accurate means of measuring ESDs. Consequently, the
SDM was compared against them. In addition, TLD arrays were the method of choice by
clinical staff. However, TLD arrays suffer from the substantial drawback of requiring labour
intensive post-exposure processing. Obviously, this will lead to delays before ESDs are
available for assessment.

2. McMahon Medical 'Skin Dose Monitor' (SDM) Model 104-101

The SDM was placed on a phantom at the centre of the field together with a calibrated
ionisation chamber and readings were compared. The SDM and chamber response agreed at >
90 kV but deviated at lower kVs. Monitor reproducibility was within ± 1 % over a five-hour
period. Stability was also tested and was found to agree with specifications. In the clinical
environment, the SDM was simple to operate. However, the fixing bracket designed to allow
the electrometer to be attached to the table rail was inconvenient and not used. Instead,
clinical staff tended to position the meter on the table.

3. PTW M4-KDK DAP Meter

The M4-KDK was found to have a similar uncertainty in its response to that of conventional
DAP meters. There was a slightly greater dependence of response with field area at field sizes
less than 200 cm2.
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5. Discussion

During cardiac procedures, the majority of patients received skin doses below the level of 1
Gy. Results for neurological procedures show that monitoring every patient may not be
necessary for angiograms but routine monitoring of GDC coilings and embolisations should
be carried out. ESD values show the highest skin doses occurring during general
interventional procedures with most readings either approaching or exceeding 1 Gy. Although
routine monitoring is carried out by a DAP meter, the ESD is not usually known. The results
show that routine ESD monitoring should be considered, particularly for patients undergoing
multiple procedures. Although the threshold for transient erythema is recognised to be 2 Gy,
individual sensitivities may vary [5]. Therefore ESDs greater than 1 Gy should be recorded.

Correlation between ESD and DAP or fluoroscopy time could not be established for certain.
The best correlation between DAP and ESD seemed to be for neurological examinations.
This is not surprising since these examinations are unlikely to have large variations in field
size. On the whole, the correlation of DAP and measured ESD seems relatively poor.
Therefore, monitoring ESD, in addition to DAP and fluoroscopy time is necessary for
interventional procedures where there is a risk of high skin doses. However, the use of DAP
to monitor threshold values should not be discounted, especially if threshold values can be set
for individual centres and for specific examinations. The validity of this approach will
probably need to be established locally.

The most reliable method for monitoring skin dose was the use of TLDs. This was the most
popular method with clinical staff, although the slowest method, perhaps best suited to
'sample monitoring'.

The SDM compared favourably with a calibrated ionisation chamber in the laboratory. It was
easy to use and produced a real time running total of the ESD. However, there were a number
of significant issues surrounding its design. The sensor had a small surface area and therefore
monitored a limited area of the skin. The success of the result was highly dependent upon the
skill of the radiographer in positioning the monitor correctly. This was not always possible.
The bracket supplied with the SDM was too bulky and was not used by any of the
departments. The fibre optic cables are fragile and in practice, should be replaced more often
than recommended. Cables were crushed underfoot or were coiled too tightly by staff. In
some procedures, the weight of the patient reduced the life of the cable significantly due to
crushing. Many procedures produced zero readings, attributable to cable damage.

The PTW M4-KDK proved difficult to place since most fluoroscopy units had an integral
DAP meter and did not have the required rails at the output face of the tube. Consequently,
this method will be unsuitable for some departments. Laboratory results show that corrections
may be required at field sizes less than 200cm2.

6. Conclusion

The periodic assessment of ESD is strongly encouraged. The most suitable method for this
would seem to be TLD arrays. This method also seems to be favoured by clinical staff.
However, TLD arrays are not suitable for continuous monitoring of, for example, general
FGIPs. Instruments such as a twin chamber DAP meter or a SDM, design and positioning
considerations apart, should be more suitable for this application especially if used only to
provide an early warning of potential skin injury. In addition, it may be possible to set
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threshold DAP readings locally for specific examinations to alert clinical staff of the potential
for a skin injury.
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