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TSALAFOUTAS, I.A., et al.: Radiation Doses to Patients and Cardiologists from Permanent Cardiac
Pacemaker Implantation Procedures. Background: The purpose of this study was to determine the patient
and cardiologist doses during the implantation of permanent cardiac pacemakers under fluoroscopic
control.
Methods: For 55 procedures concerning three different types of pacemakers (DDD, VDD, and VVI), the
dose-area product (DAP) meter readings and fluoroscopy times were recorded. From these data, the dose
to the operating cardiologist was estimated.
Results: The median values of DAP and fluoroscopy time for all the procedures monitored were 11.4
Gycm2 and 6.6 minute, respectively. For the 22 DDD, 21 VDD, and 12 VVI pacemakers implanted, the
respective DAP median values were 14.7, 9.9, and 7.3 Gycm2 and the respective median fluoroscopy
times were 8.4, 5, and 2.9 minutes. The median doses to the hands, chest, eyes, and legs of the cardiologist
conducting the manipulations were estimated to 0.21, 0.06, 0.03, and 0.11 mGy, respectively, per procedure.
Conclusions: Compared to the existing literature, the median DAP value of this study is almost identical to the 11.2 Gycm2 reported from a sample of 627 patients in 17 different x-ray rooms, whereas the
fluoroscopy times are within the range of values reported by other authors. Concerning the cardiologist
exposure, the estimated values indicate that the implantation of pacemakers is a procedure that does not
involve a severe risk, especially if it is taken into account that lead aprons and collars are routinely used.
(PACE 2005; 28:910–916)
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Introduction
The implantation of permanent cardiac pacemakers is a common interventional procedure usually carried out under fluoroscopic control. While
the benefits for the health of the patient are unquestionable, the use of x-rays and the resultant radiation risk for the patient and the medical personnel performing this procedure is an unavoidable
shortcoming. Thus, according to the EU directives
and legislation,1,2 precautions should be taken to
keep the radiation dose to the personnel and the
patients as low as reasonably achievable (ALARA
principle).
The dosimetric quantities currently used for
determining the patient dose is the entrance skin
dose (ESD) and the dose-area product (DAP). Using
these quantities and appropriate conversion coefficients that depend on the size and the anatomical
area exposed, the effective dose (E) can be calculated and thus the risk from the stochastic effects
of radiation can be estimated.
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Concerning the personnel exposure, this is
routinely monitored using personal dosemeters
with which the conformance with the annual dose
limits for the effective dose of the occupationally
exposed persons is audited. The personal dosemeters are worn outside the lead apron (usually at
the chest level) and thus by definition overestimate
the effective dose, considering that all body is uniformly exposed (whereas lead aprons of 0.5 mm Pb
absorb about 97% of the incident radiation). However, in this way the personal dosemeter readings
also give a rough estimate of the dose to the uncovered parts of the body, like the eyes, shoulders, and
legs. The same is not valid for the hands, which
are the most exposed part of the body, since they
get closer to the radiation field and they are usually left naked, as lead gloves are not as practical
for conducting subtle manipulations. Therefore,
when high doses to the hands are suspected, special dosemeters (like ring dosemeters) are required
to audit the conformance with the relevant equivalent dose limits. While direct measurement is always preferable, when the appropriate dosimetric
equipment is not available, an estimate of the scattered dose to the hands of the medical personnel
could be obtained from the DAP readings,3–5 provided that realistic assumptions for the distances
from the radiation field, the scattering angles, and
the tube potential are used.
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In this study, the DAP and fluoroscopy time
were monitored during pacemaker implantation
procedures along with the fluoroscopic exposure
factors and the type of the pacemaker implanted.
From the measured DAP values, the ESD to the patient and the ESD to the hands, chest, eyes, and legs
of the cardiologists conducting these procedures
were estimated. The influence of the pacemaker
type on fluoroscopy time and patient dose was investigated. Finally, our results were compared to
those available in the literature.
Materials and Methods
Instrumentation and Calibration
The pacemaker implantation procedures were
carried out with a mobile undercouch fluoroscopic C-arm unit (Ziehm 8000, Instrumentarium
Imaging, Nurnberg, Germany), with a 23 cm diameter image intensifier. This unit offers various preset protocols for the automatic adjustment
of the fluoroscopic tube potential and current (automatic brightness control system), depending on
the anatomical area examined and the thickness of
the patient. Furthermore, it is equipped with an internal DAP meter (Vacudap 2002, with a 70921 flat
ionization chamber, Vacutec, Dresden, Germany)
and the cumulative DAP is given on the operation
console aside the fluoroscopic time indication.
The DAP meter was calibrated against a Radcal Corporation dosemeter (Model 9010 Radiation Monitor Controller, 90X6-6 ionization chamber, Monrovia, CA, USA), that had a calibration
traceable to a national standard for air kerma (the
absorbed dose to air). The calibration was made
according to the method summarized in “The
National Protocol for Patient Dose Measurements
in Diagnostic Radiology.”6 From the quality control procedure of the x-ray tube, a half-value layer
(HVL) of 4 mm aluminum (Al) and an output of
2.1 mGy/mA min at 1 m from the tube focus have
been determined for a tube potential of 80 kV. The
dose rate at the entrance of the fluoroscopic antiscatter grid for the largest field of view and for a
medium size patient (equivalent to 2 mm Cu) was
measured 0.4 ± 0.1 µGy/s for the most often used
examination protocols.
Patient Recruitment and Pacemaker
Characteristics
Dose measurements were carried out for 55
consecutive patients that underwent permanent
pacemaker implantation, without setting any restrictions on patient weight, sex, or clinical condition. The patients studied were 29 males and 26
females with a mean age of 78 ± 9 years and no
one was in critical condition. The reasons for pacemaker implantation were symptomatic sinus node
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disease and symptomatic or high degree AV nodal
conduction disturbance. Written informed consent
was obtained from all patients in accordance with
guidelines set forth by the institutional board of
our hospital.
Three different types of pacemakers (DDD,
VDD, and VVI) were implanted, depending on the
patient’s problem and clinical findings, by two
experienced cardiologists. All the leads were inserted through a subclavian vein puncture. The
ventricular leads were passive fixation leads and
were fixated on the right ventricular apex. The
atrial leads of the DDD pacemakers were passive
fixation leads and were fixated on the right atrial
appendage except from three active fixation leads
that were fixated on the right atrial free wall. Each
procedure was considered successfully completed
when the lead positioning was such that the following two criteria were fulfilled: (a) Pacing: ventricular and atrial voltage threshold <1 V at 0.5
ms pulse duration and pacing impedance >300 
or >500  at the high impedance leads, (b) Sensing: R-wave potential >6 mV, P-wave potential >2
mV for the DDD, and >0.8 mV for the VDD type
pacemakers.
Data Collection Procedure
For each patient the cumulative DAP, the fluoroscopy time, and the type of pacemaker were
recorded along with patient data. During and at
the end of each procedure, fluoroscopic images indicating the fluoroscopic kV and mA (selected by
the automatic brightness control system) were acquired and stored in the hard disk. For six procedures, the positions of the operating cardiologist
and its assistants during fluoroscopy were closely
observed, in order to estimate their distances from
the irradiated area.
Statistical Analysis
The ANOVA one-way analysis of variance statistical test with a post-hoc comparison of intergroup differences by Bonferroni, was used to compare the cumulative DAP and fluoroscopy times
among the patient groups with different pacemaker type implanted. Differences at P value of
less than 0.05 were considered as significant.
Results
For all the patients included in this study, the
implantation of 22 DDD, 21 VDD, and 12 VVI pacemakers was successfully performed without complications.
From the observation of the procedures, it
was deduced that a small fraction of the fluoroscopy time (about 10–15%) was spent for monitoring the wire, catheter sheath, and electrode passage through the subclavian vein and the rest for
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imaging of the heart. During fluoroscopy the operating cardiologist was standing at a distance of
about 80 cm from the center of the irradiated area
(with his hands just in front of the trunk) except
from the time that he had to approach the patient
in order to conduct the necessary electrode manipulations, that was estimated to account for about
70% of the total fluoroscopy time.
The positions of the operating cardiologist
during the procedure are shown in Figure 1, where
the distances and the scattering angles of its body
parts of interest from the center of the scattering
volume are given. The scatter doses at these positions were calculated from the DAP meter readings according to the methodology described by
Williams3 and by Sutton and Williams,4 assuming
that for each patient all fluoroscopy was carried
out with the highest fluoroscopic kV indication observed during the procedure.
With the exception of the resident cardiologists trained in these procedures, that were standing close to the operating cardiologist and may be
roughly assumed to be exposed to the same radiation levels, all the other assistants (nurses or technicians) were standing during fluoroscopy at distances larger than 2 m from the radiation field or
behind a shielded wall with a lead window (both
of 2 mm Pb equivalent). All the personnel within
the x-ray room always wore a 0.5 mm lead apron
and collar but no other radiation protection equipment (like hanging shields, goggles, or gloves) was
used.
The highest fluoroscopic kV and mA for each
patient were observed when imaging the heart and

ranged from 66 to 91 kV and 1.5 to 4.1 mA, respectively, with a mean of 77 ± 3 kV and 2.9 ± 0.7
mA, respectively. The average fluoroscopic DAP
rate was 2.1 ± 0.8 Gycm2 /min corresponding to a
patient ESD of 22 ± 8 mGy/min. The ESD to the
patient was estimated from DAP readings, assuming a focus to patient entrance surface distance of
60 cm and a backscatter factor of 1.3.6
The statistical quantities concerning the distributions of DAP, fluoroscopy time, patient, and
operating cardiologist ESD doses for all the procedures monitored are given in Table I. In Table II, the
respective DAP and fluoroscopy time values are
given separately for the three different pacemaker
groups, while the results of the statistical comparisons of intergroup differences in terms of DAP
and fluoroscopy time are given in Table III. Regarding DAP, no statistically significant differences between the three groups were identified (F = 1.195,
P = 0.311), while for the fluoroscopy time the differences between the three groups were statistically significant (F = 23.302, P = 0.0001).
Discussion
As was mentioned in the “Introduction” section, the patient doses from diagnostic or interventional procedures are determined in terms of ESD
or DAP. The ESD is a straightforward dosimetric
quantity that describes the dose (energy per unit
mass) absorbed at the entrance surface of the patient. The monitoring of ESD is particularly useful in interventional procedures associated with
high skin doses, where acute skin reactions to

Figure 1. Schematic diagram, showing the positions of the operating cardiologist during the pacemaker implantation
procedures. The scattered doses at the body parts of interest were calculated using the distances from the center of
the scattering volume and the scattering angles given in the following table.

Position\Body Part

Hands

Chest

Eyes

Legs

During manipulations
During heart imaging

A: 0.3 m, 60◦
A : 0.8 m, 70◦

B: 0.6 m, 65◦
B : 0.9 m, 70◦

C: 0.9 m, 40◦
C : 1.1 m, 50◦

D: 0.9 m, 145◦
D : 1.1 m, 130◦
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Table I.
Descriptive Statistics of DAP, Fluoroscopy Time, and Estimated Skin Dose (ESD) to the
Patient and the Operating Cardiologist
Mean ± SD

3rd Quart

Maximum

0.2
6.8
11.4
All types
DAP (Gycm2 )
55 patients
Fluoro time (minute)
0.5
3.2
6.6
ESD (mGy)*
2.3
68.4
115.1
Estimated doses to various body parts of the operating cardiologist

15.4 ± 12
7±4
155 ± 123

20.9
9.3
210.4

60.3
17.5
608.4

Hands

295 ± 240
41 ± 16
87 ± 71
12 ± 5
39 ± 31
5±2
149 ± 121
21 ± 8

393
52
115
15
51
7
198
26

1186
83
349
24
155
11
599
42

Pacemaker Type

Minimum

1st Quart

Median

Measured (DAP) and estimated (ESD) doses to patients

Chest
Eyes
Legs

(µGy/procedure)
(µGy/min)
(µGy/procedure)
(µGy/min)
(µGy/procedure)
(µGy/min)
(µGy/procedure)
(µGy/min)

3.7
6.9
1.1
2.0
0.5
0.9
1.9
3.5

129
27
38
8
17
4
65
14

214
38
63
11
28
5
108
19

*Note that for x-rays, an absorbed dose of 1 Gy corresponds to an equivalent dose of 1 Sv.
radiation (deterministic effects), like erythema,
may occur. However, ESD does not account for the
size of the patient’s irradiated area and is difficult
to be accurately measured when the x-ray entrance
surface significantly changes during the examination.
On the other hand, the DAP is very easy to
measure since it remains constant at any distance
from the tube focus. Thus, while it is measured
with a DAP meter attached to the rails of the collimator box or within the collimator assembly, it
reflects the air kerma radiation field size product at
the patient entrance surface. For this reason, DAP
is considered to be the most appropriate dosimetric quantity when it comes to complete examinations, especially those involving fluoroscopy and
changes in the anatomic region examined.6

In interventional procedures where the presence of doctors and their assistants within the xray room and close to the patient during exposure
is required, the patient doses are also important
regarding the personnel radiation risk, as the more
the radiation is incident on the patient, the more
it is scattered. However, personnel doses are also
dependent on a number of other factors as the distance from the patient and the scattering angle, the
type of the x-ray unit (under- or overcouch), and
the protective equipment used.
Data on patient doses during pacemaker implantation procedures are very scarce. In fact only
one bibliographical reference was found, where
the DAP and fluoroscopy times from a sample of
627 patients (concerning 17 different x-ray rooms)
are reported.7 In a few other studies8–12 where the

Table II.
Descriptive Statistics of DAP and Fluoroscopy Time for the Different Pacemaker Types
Pacemaker Type
DDD
22 patients
VDD
21 patients
VVI
12 patients

PACE, Vol. 28

DAP (Gycm2 )
Fluoro time (minute)
DAP (Gycm2 )
Fluoro time (minute)
DAP (Gycm2 )
Fluoro time (minute)

Minimum

1st Quart

Median

Mean±SD

3rd Quart

Maximum

5.8
3.2
2.4
2.0
0.2
0.5

11.0
6.4
5.4
2.5
3.8
2.1

14.7
8.4
9.9
5.0
7.3
2.9

18 ± 12
9±4
14.9 ± 13
6.5 ± 4
11.4 ± 11
4.4 ± 3

20.2
11.5
24.7
8.1
14.8
6.6

60.3
17.5
48.3
16.3
35.6
11.3
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Table III.
The Results of the Statistical Comparisons in Terms of DAP and Fluoroscopy Time of the Patient Groups with DDD (n =
22), VDD (n = 21), and VVI (n = 12) Type Pacemakers
DAP (Gycm2 )
Inter-Group Differences
DDD vs VDD
DDD vs VVI
VDD vs VVI

1st

Group

18 ± 12
18 ± 12
14.9 ± 13

2nd

Fluoro Time (minute)

Group

P Value

14.9 ± 13
11.4 ± 11
11.4 ± 11

1.000
0.397
1.000

1st

Group

9±4
9±4
6.5 ± 4

2nd Group

P Value

6.5 ± 4
4.4 ± 3
4.4 ± 3

1.000
<0.001
<0.001

The mean, standard deviations, and P values are given.

fluoroscopy times are given, the patient exposure
can be only roughly assumed, since depending on
the patient body mass and the fluoroscopy system,
large variations in patient skin doses have been
observed.13
The available bibliographical data on DAP and
fluoroscopy times during cardiac pacemaker implantation procedures are given in Table IV. It can
be seen that DAP and fluoroscopy times of Table I are almost identical to those reported by Hart,
Hillier, and Wall7 that concern an unknown mixture of different pacemaker types. It must be also
noted that the maximum ESD estimate for the patient skin dose was 0.61 Gy, much smaller than the
established threshold of 2 Gy for the appearance of
early transient erythema.
As far as the fluoroscopy times for the different types of pacemakers are concerned, our val-

ues are similar to those reported by other studies
for DDD and VVI pacemakers but larger for the
VDD type.8–12 The cardiologists participating in
this study suggested that the longer fluoroscopy
times observed for the VDD type pacemakers may
be attributed to their effort to achieve the best possible atrial sensing. However, according to the literature, a reduction in the fluoroscopy time for
the VDD pacemakers seems feasible and should
be pursued, without of course compromising the
aforementioned criteria concerning the successful
placement of VDD pacemakers.
As can be seen in Table II, the fluoroscopy time
required for the implantation of a DDD pacemaker
was on average longer than that required for a VDD
or a VVI. This was rather expected, since more effort is required for the positioning of two leads
than one. The longer fluoroscopy times of the VDD

Table IV.
Bibliographical Data on Mean and Median (given in brackets) DAP and Fluoroscopy Times During DDD, VDD, and VVI
Cardiac Pacemakers Implantation

Reference

Pacemaker Type

Hart, Hillier, and Wall7

Not reported (17 rooms)
Not reported (16 rooms)
DDD
VDD
VVI
DDD
VDD
VDD
DDD
VVI
VDD (in children)

Wiegand et al.8

Wiegand et al.9
Ovsyshcer et al.10
Krein11
Bullock et al.12

No. of
Procedures

DAP (Gycm2 )
Mean [Median]

Fluoro Time (minute)
Mean ± SD [Median]

627
425
399
372
443
180
180
25
215
70
9

17 [11.2]
–
–
–
–
–
–
–
–
–
–

6.5
7.0 [6.6]
9.2 ± 5.2
4.1 ± 2.4
3.5 ± 2.3
10.3 ± 5.6
4.6 ± 2.5
3.2 ± 1.3
[6.7]
[5.4]
3.8

The Hart, Hillier, and Wall7 values are the mean and medians of the mean values reported from each room included in the NRPB Survey.

914

September 2005

PACE, Vol. 28

RADIATION DOSES FROM PACEMAKER IMPLANTATION PROCEDURES

group compared to the VVI group can be attributed
to the fact that while for both types of pacemakers a
single lead is used for pacing the right ventricle, for
the VDD pacemakers the same lead is also used for
atrial sensing. Therefore, it is reasonable that the
implantation of a VDD pacemaker may take more
time than the VVI, as both a good sensing position
within the right atrium and a good pacing point in
the right ventricle are needed. However, as it can
be seen in Table III, the differences in fluoroscopy
times were statistically significant only when comparing DDD with VVI and VDD with VVI, whereas
between DDD and VDD the difference was not statistically significant.
On the other hand, while the mean DAP value
for the DDD group was larger than that for the
VDD, that in turn was larger than that for the VVI
group, the differences were not statistically significant. While this may look surprising, it may be
attributed to the fact that DAP is dependent not
only on the fluoroscopy time but also on the patient
size and the protocol used. However, it must be
noted that the number of patients within the three
groups are relatively small (especially for the VVI
pacemakers) and for definite conclusions about the
statistical significance of the differences observed,
larger patient samples would be required.
As far as the doses to the hands of the operating cardiologist are concerned, data from only two
older studies14,15 are available. Antkowiak14 has
reported an average scatter dose of 0.255 mGy for
nine permanent pacemaker and one inferior vena
cava umbrella implantation procedures, with an
average fluoroscopy time of 12 minutes. This corresponds to a dose rate of 0.021 mGy/min, whereas
Achatzy et al.15 for 69 pacemaker implantations
have reported a value of 0.005 mGy/min. The value
of 0.041 mGy/min on average estimated in our
study from the DAP meter readings, is almost double the value reported by Antkowiak,14 that in turn
is four times larger than the Achatzy et al.15 value.
The disagreement among these values can be
attributed to various factors, including the different cardiologist practices, different type of x-ray
systems (under- or overcouch), and different additional protective equipment used. It should be
noted, however, that the doses given in this study

are only approximate, as they were calculated using scatter to primary ratios that have been derived
with a specific phantom and irradiation geometry.3,4 Thus, the actual doses may be quite different depending on the attenuation of scatter within
the body that in turn depends on the patient size
and the distance of the field edges from the patient
body edges.3 The estimated scatter doses given in
Table I, however, most likely overestimate the actual doses due to the conservative assumptions
used, since in reality not all fluoroscopy is carried out with the highest fluoroscopic kV value
observed.
Even so, the calculated values remain by all
means instructive of the exposure of the operating
cardiologist during such procedures. Therefore,
the DAP readings could be utilized to estimate the
scattered dose to the operating cardiologist, using conversion coefficients of 19, 6, 2.5, and 10
µGy/Gycm2 for the hands, chest (outside the lead
apron), eyes, and legs, respectively. Similar conversion coefficients have been reported in the literature, concerning the dose to the hands of radiologists involved with biliary drainage procedures5
and the dose to the legs of interventional radiologists.16 It should be also noted, that after the hands,
the most exposed part of the body with the undercouch systems (with no additional lead protection)
are the legs.
According to Table I, if it were assumed that
the same cardiologist was performing 100 pacemaker implantations per year, the annual equivalent dose to the hands, eyes, and legs would be less
than 30, 4, and 15 mSv, respectively, whereas an
effective dose of about 8.7 mSv would be expected
from the personal dosemeter readings. However, if
the protection offered by the lead apron and collar
is taken into account, the actual annual effective
dose should be estimated in the range of 1 mSv.
Therefore, given that for the occupationally
exposed persons the current annual limits for the
effective dose is 20 mSv and the respective limits
for the equivalent dose of the hands/legs and the
eyes are 500 and 150 mSv, respectively, it is obvious that the pacemaker implantation procedures
do not represent a severe radiation risk for cardiologists and their assistants.
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