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Summary

An important negative factor of EVAR is the radiation acquired during long-lasting procedures.
The aim of the study was to document the radiation doses of EVAR and to discuss potential rea-
sons for prolongation of radiological procedures.

Dose-area product (DAP) (Gy cm?) and air kerma (AK) (Gy) obtained during EVAR from 92 pa-
tients were analyzed retrospectively in regards to body mass index (BMI), angulations of aneurysm
neck, length of aneurysm neck and occurrence of tortuosity of iliac arteries.

Total AK for fluoroscopy differed significantly between normal BMI (373 mGy) and BMI 25-29.9
(1125 mGy) or BMI >30 (1085 mGy). Iliac artery tortuosities >45° and short aneurysm necks caused
higher doses of total AK (1097 mGy and 1228 mGy, respectively) than iliac artery tortuosities <45°
and long aneurysm necks (605 mGy and 720 mGy, respectively).

The main factors contributing to a high radiation dose being acquired by patients during EVAR
are: BMI >25, tortuosity of iliac arteries >45° and short aneurysm necks.
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BACKGROUND

Interventional radiology is an essential part of modern oper-
ative treatment; fluoroscopically-guided interventional pro-
cedures have been increasingly practiced during the past
15 years. Because of the increasing complexity of endovas-
cular interventions that need exposure to ionizing radia-
tion, concern has grown regarding X-ray exposure to both
patients and operators.

In recent years, the numbers of abdominal stent-graft place-
ments have significantly increased [1,2]. Endovascular re-
pair of infrarenal abdominal aortic aneurysms (EVAR) has
become a generally accepted alternative to open surgery for
selected patients; in randomized trials it has been shown to
be effective in reducing both morbidity and mortality [1,3,4].

Stent-graft implantation is a less invasive procedure, especial-
ly in lower-risk patients with pre-existing severe neurological,
cardiovascular, pulmonary or renal dysfunction [5]. For that
reason it allows shorter hospitalization and faster convales-
cence. An important negative factor as compared with con-
ventional surgery is the radiation that patients are exposed
to during the procedure. Radiation exposure is known to
cause cancer and can also lead to acute skin injury [6,7].
The patients subjected to aortic stent-grafting are, in gener-
al, in the higher age range, which means that risk of cancer is
not the greatest concern, considering the usual latency time
of 10-20 years after exposure [2]. Instead, the major radia-
tion risk is acute skin injury, which is dealt with in the ICRP
(International Commission on Radiological Protection) re-
port 85 [8]. This type of skin injury is usually apparent a few
weeks after a procedure when the dose exceeds approximately
2 Gy [2,9]. For this reason it is important to estimate radiation
doses that patients receive during certain procedures and to
ensure that the dose is within the range deemed to be safe.

In interventional radiology, the dose-area product (DAP)
and air kerma (AK) are the main factors related to potential
risk of radiation. DAP (in milligray per square centimeter
[Gy cm?]) is defined as the absorbed dose to air averaged
over the area of the X-ray beam in a plane perpendicular
to the beam axis, multiplied by the area of the beam in the
same plane. The DAP is measured by placing an ionization
chamber just beyond the X-ray collimators, and is an overall
measurement of the total radiation energy delivered to the
patient. The DAP measurements have been proven to cor-
relate reasonably well with the effective radiation dose, and
therefore reflect the probability of stochastic effects [10].
Air kerma is the same as the absorbed dose delivered to the
volume of air in the absence of scatter (Gy). Absorbed dose
can be defined by the ratio £/m, where Eis the energy ab-
sorbed by the medium due to a beam of ionizing radiation
being directed at a small mass, m. With X-ray examinations,
the absorbed dose is the same as the equivalent dose (Gy).

Only a few publications have reflected this aspect of X-ray
radiation to patients undergoing abdominal stent-graft im-
plantation [2,11]. To our knowledge, no reports on stent-
graft implantation have explored the relationship between
radiation doses and clinical factors such as angulations of
aneurysm neck, length of aneurysm neck and occurrence of
tortuosity of iliac arteries. Only 1 study (besides our study)
considered the influence of body mass index (BMI) [12].

Table 1. Risk factors and concomitant medical conditions of 92
patients treated with EVAR.

Yes No
Smoking of the cigarette 66 (72%) 26 (28%)
Cerebral stroke 5 (5%) 87 (95%)
Chronic obstructive lung disease 6 (6%) 86 (94%)
Chronic renal disease 10 (11%) 82 (89%)
M 5 (5%) 87 (95%)
CHD 53 (58%) 39 (42%)
DM 7 (8%) 85 (92%)
Arterial hypertension 52 (57%) 40 (43%)

Therefore, the main purpose of the present study was to
document the radiation doses during abdominal aortic
stent-graft implantation and to discuss potential reasons
for prolongation of the radiological parts of this procedure.

MATERIAL AND METHODS

Doses of digital subtraction angiography (DSA) and fluo-
roscopy during EVAR were controlled and analyzed retro-
spectively from 92 patients (11 females and 81 males) aged
from 40 to 91 years (mean 72+9), treated between January
2004 and December 2008. Risk factors and concomitant
medical conditions of the 92 patients treated with EVAR
are listed in Table 1.

All procedures were jointly performed by 1 vascular surgeon
and 1 interventional operator. None of the patients died dur-
ing the procedure. Patients who exceeded the dose of 1Gy
were observed for 6 months with monthly visits and patients
who exceeded the dose of 3 Gy were observed with monthly
visits for 1 year including consultations by the dermatologist.

Abdominal aortic aneurysms (AAA) were excluded by stent-
grafts (Cook Inc. USA; Terumo Corp., Tokyo, Japan). The
implantation of each abdominal stent-graft was performed
via a bifemoral approach with suprarenal fixation in the
standard way. The implantations were performed under
general or epidural anaesthesia.

In this study, necks measuring 8-15 mm were considered
short, and those measuring more than 15 mm were catego-
rized as long. Neck angle, defined by the angle formed be-
tween the flow axes of the neck and body of the aneurysm,
should not measure more than 60°. Three groups of neck
angles according to the difficulty in proper positioning of
the proximal part of stent-grafts (<30°, 30-44° and 45-60°)
have been established and these were used in the present
study [13,14]. Moreover, according to the level of difficul-
ty in deployment of distal parts of stent-grafts, patients were
divided into 2 groups: 1 having iliac arteries bent less than
45° and the other with curvatures of 45° or more (Figure 1).
Patients were also divided into 3 groups with regards to BML
The body mass index (BMI) (weight [kg]/height squared
[cm]) was obtained for each patient to analyze radiation dose
variations relative to body size. The BMIs are characterized
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Figure 1. Digital subtraction angiography (A) before and (B) after abdominal stent-graft implantation, (C) 3D computer tomography images of implanted
stent-graft, (D) tortuosity of iliac arteries over 45°, (E) tortuosity of iliac arteries less than 45° and (F) long and short aneurysm necks.

with values in the range of <18.5 to >30 and can be divid-
ed into 4 categories: underweight (<18.5), normal weight
(18.5-24.9), overweight (25-29.9), and obese (>30). None
of the analyzed patients were underweight.

All clinical procedures were performed in an operating C-arm
unit (Allura, Philips Medical Systems, Best, The Netherlands).
Available image intensifier field sizes were 17 cm, 23 cm and
31 cm. The patients were placed on an operating table with
a floating table-top. In the C-arm unit, dose data were calcu-
lated from exposure values and expressed as dose-area prod-
uct DAP (Gy cm?) and air kerma AK (Gy) together with the
total time of fluoroscopy (real-time images: coater introduc-
tion procedure, min) and radiography (X-ray images taken
during the injection of contrast medium, ms). The DAP re-
ceived by the patient was recorded for each procedure using
a PTW Diamentor Kerma Xplus1020-132 DAP meter (PTW,
Belhofer, Shwarcenberg, Germany). This DAP meter was cali-
brated to diagnostic X-ray qualities using a Keithley 3504 X-ray
monitor with a 10x5.6 ionization chamber IC 300, which had
a calibration traceable to the PTB primary standard.

Patients receiving a dose more than 1 Gy were assessed for
blood morphology and skin changes at days 3 and 7 and at
months 1, 3 and 6 after procedures for exclusion of even-
tual stochastic and deterministic effects of the radiation.

Statistics

Patient doses were divided and analyzed with the Kruskal-
Wallis test (H-test) according to subgroups based on BMI

and aneurysm neck angulations, and with the Mann-Whitney
U-test for iliac artery tortuosity and aneurysm neck length.
A p-value of <0.05 was considered significant.

RESULTS

Specific radiation data for EVAR — exact sample size, dose-
area product (DAP) values, air kerma and radiation times
in general and in the division of patient’s body mass index,
aneurysm neck angulation, aneurysm neck length and oc-
currence of tortuosity of iliac arteries — are presented in
Table 2. The mean total air kerma value and DAP for the
analyzed group of patients were 797 mGy and 626 Gy cm?,
respectively, which are higher than those found by previ-
ous studies [2,14]. The possible reasons for the variation
of radiation doses, besides the experience of radiologists,
are presented in detail in the discussion.

In 39 of the analyzed patients (42.4%) AK was between 1 and
2 Gy, and for 7 patients (7.6%) it exceeded 2 Gy. For the re-
maining 46 patients (50%) radiation dose was lower than 0.5
Gy. The maximum radiation dose obtained by a patient was
4363 mGy. The mean AK (fluoroscopy) of patients with BMI
within the range 25-29.9 and with BMI >30 was significant-
ly increased compared to that of patients with BMI 18-24.9
(H=40.2, df=2; p=0.0000001 and p=0.000003, respectively). This
same dependence was found in the case of total AK (H=24.1,
df=2; p=0.00005 and p=0.0005). Neck angulations within the
range 46-60° produced a slightly raised AK during the coater
introduction procedure compared to neck angulations within
the range 30—45° and <30° (H=6.8, df=2; p=0.05 and p=0.05,
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Table 2. Sample size, dose-area product (DAP) values, air kerma and radiation times in general and in the division of patient body mass index,
aneurysm neck angulation, aneurysm neck length and occurrence of iliac artery tortuosity.

(ﬂ'ffﬁr"oi'c'?,?ymﬁ?l‘;é";ﬂy) ai hema (ﬂuo?:stopy)(radig:;phy) total DAP  Fluoroscopy Radiography
[mGy] [mGy] [mGy] [6y an?] [6y ) [Gy am”] time [s] time [ms]
N° of Megn Meqn Meqn Meqn Meqn Meqn Max Meqn Megn Max

cases (median) (median) (median) (median) (median) (median) (median) (median)
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w2 5 e 08 0 80 0 (% M S e 06
w85 o 5 1 e B s B o 28 e B8 o 88
Sh°”§:fk“’y5m 14 (égg) 2078 (g‘s‘g) 1910 (ggg) 2564 (]Zg) 366 égi) 486 (Zg;) 295 (ﬁgg) 4980 (ggg) 1210
R T ey 31 (g 0V (o) 82 (oo 687 (o W4 o N0 Ggh 468 g 140
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et 55 A5 g 05 15 g gy 6By T 81 g

45%

respectively). A similar relationship was found for DAP (H=9.02,
df=2; p=0.016 and p=0.015, respectively). In case of X-ray im-
ages taken during the injection of contrast medium (radiogra-
phy), significant differences for AK and DAP were only found
between neck angulations within the range 46-60° and <30°
(H= 6.6, df=2; p=0.04 and H= 8.6, df=2, p=0.01, respectively).

Significant differences in total AK and exposure time were
observed regarding aneurysm length (U=312, p=0.01;
U= 296, p=0.007, respectively). In addition, the presence
of iliac artery tortuosities over 45° lead to higher doses re-
garding total AK (U= 620, p=0.002), which was related to
extended time of fluoroscopy (U=687, p=0.01) and radiog-
raphy (U=735, p=0.03). Patient age and sex were not signif-
icant factors for DAP and AK in either fluoroscopy or radi-
ography acquisition (p>0.05).

Correlation analyses were performed to describe relation-
ships between radiation time and dose. For fluoroscopy, the
correlation between air kerma (DAP) and radiation time was
0.81 (0.76). The linear regression equations obtained for

air kerma and fluoroscopy time showed that a 10 min pro-
longation of the coater introduction procedure caused an
increase in AK by approximately 104 mGy and an increase
in DAP — by approximately 29.5 Gy cm?.

Percentages of the total number of runs with various val-
ues of tube voltage and rotation in the division of patient’s
body mass index, of aneurysm neck angulation, aneurysm
neck length and occurrence of tortuosity of iliac arteries
are presented in Table 3.

In most cases 0° rotation (81-92.6% of total) and 80,/90 kV
tube voltage (91.4-97.4% of total) were used.

No cases of deterministic and stochastic effects of acquired
radiation were observed in short- (3-7 days) or middle-
term (6 months) observations including skin changes and
blood morphology changes. The trend toward drop of neu-
trophiles was noted at day 3 after the procedure, but it was
not statistically significant and the problem was spontane-
ously resolved by the time of the month 1 visit (Figure 2).
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Table 3. Percentages of the total number of runs with various values of tube voltage and rotation in the division of patient body mass index,

aneurysm neck angulation and aneurysm neck length.

Rotation Rotation Rotation Rotation Rotation Rotation Rotation

70kV 80KV 85KV 90kv o 150 3 ape a5 60° 900
BMI 18-24.9 2.1 46.8 0.5 50.8 90.9 2.7 1.6 0.0 3.2 0.5 1.1
BMI 25-29.9 0.0 65.6 4.5 29.9 88.1 44 44 0.0 2.7 0.0 0.4
BMI >30 0.0 60.0 8.8 31.2 92.0 1.6 3.2 0.8 24 0.0 0.0
Angulationofaneurysm 4 ) 553 30 405 ggs4 4 33 03 30 03 0.6
neck <30
Angulation ofaneurysm 62y 38 230 96 08 50 00 08 00 08
neck 30-45
Angulationofaneurysm o 494 g6 40 926 25 0.0 0.0 49 0.0 0.0
neck 46—60
Shortaneurysmneck 0.0 62.1 8.4 295 81.0 2 7.0 1.0 8.0 0.0 1.0
Long aneurysm neck 0.9 56.5 3.1 395 92.0 3.4 23 0.0 1.6 0.2 0.5
Torwosityoflac 41 37 32 g2 58 29 04 33 0.0 0.4
arteries over 45
Torwosityofilac 4,530 44 42 02 10 34 0.0 24 03 07
arteries less than 45
Figure 2. Mean total air kerma values for
e . 4300 abdominal aortic aneurysms in the
4000 ALY division of patient body mass ind
3 3500 343500 patient body mass index,
E 3000 E 3000 aneurysm neck angulation, aneurysm
g 2500 . £ 2500 neck length and occurrence of iliac artery
< 2000 = 2000 tortuosity (* extreme values, - diverging
= 1500 . = 1500 values).
S 1000 T 2 1000
500 500
0 = 0 ; , ,
BMI18-24.9 BMI25-29.9 BMI>30 <30 30-45 46-60
Amgulation of aneurysm neck [°]
4500 4500
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DiscussION radiation-induced cancer is a stochastic effect of radiation

Interventional procedures performed using ionizing ra-
diation have become increasingly prominent tools in the
treatment of vascular and cardiac diseases. However, radi-
ologists must take into account the deterministic effects
(DE) and stochastic effects (SE) of X-ray radiation for
their patients. The threshold for radiation damage to skin
(DE) varies from individual to individual, but is general-
ly estimated to be in the range of 2 Gy [15-17]. However,

where there is no threshold value. The probability of can-
cer occurrence increases with dose, but the cancer may
occur at any dose [15]. Our data demonstrated that pa-
tients undergoing abdominal stent-graft implantation re-
ceive a mean radiation dose lower than 1 Gy (759 mGy).
It should be noted however that the dose of radiation dur-
ing stent-graft implantation is not the only dose required.
This procedure requires frequent follow-up visits with ion-
izing imaging, such as computer tomography scans, after
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endograft placement to be sure that the stent-graft con-
tinues to function properly.

Aortic endograft implantation can be disturbed by many fac-
tors which, in turn, lead to prolongation of the procedure
time and thus an increase in the radiation dose that both
the patient and hospital personnel are exposed to. Previous
studies have measured patient radiation doses during vari-
ous endovascular procedures, but measurements of radia-
tion exposure during abdominal stent-graft implantation in
regard to aneurysm neck angulation, aneurysm neck length
and iliac tortuosity have not previously been documented.

First, angulation of the aneurysm neck determines the dif-
ficulty of proper stent-graft placement [15]. Less angulat-
ed necks allow a more precise implantation of the main
body of the graft. Moreover, different projection angles
and repetition of series for DSA are often required in an-
gulations exceeding 45°, contributing to a greater overall
dose of radiation.

Secondly, the shorter the aneurysm neck, the more pre-
cise positioning of the main body of the graft is required
so that the renal artery origins remain uncovered by the
endograft [18,19].

Sometimes, when attempting to deploy the contralateral leg
of the bifurcated endograft, there are difficulties when en-
tering the main body of the graft via the contralateral stump
This problem can be managed by using different catheters
and guide wires, at the same time increasing fluoroscopy
duration or providing additional access via the brachial ar-
tery and using a lasso technique to catch the guide wire.

Moreover, the difficult anatomy of the iliac arteries can se-
verely hamper the procedure. Tortuosity of iliac arteries of-
ten prevents the main body of the graft from passing through
the iliac system with ease. For this reason, several patients
required pressure to be applied to their abdomens, thus
straightening the iliac arteries and decreasing the friction
between the main body of the graft and the wall of the artery.

If after endograft deployment and during control DSA se-
ries an endoleak into the sac of the aneurysm is detected,
it is necessary to use a low pressure balloon catheter to ex-
pand the stent-graft wall so that it adheres better to the wall
of the aorta. The angioplasty may increase the procedure
time and usually requires additional control DSA series.
However, this condition did not influence the total dose in
the present study.

A BMI exceeding 25 is an independent risk factor contrib-
uting to higher radiation dose acquisition. Obese patients
with a BMI >30 are particularly at risk of a high radiation
dose (mean AK >1 Gy). This is consistent with results ob-
tained by Weiss et al. [26]. It has been shown (for a small
group of patients) that the mean peak skin radiation dose
of obese patients (BMI >30) was significantly increased com-
pared to that of non-obese patients (1.1 vs. 0.5 Gy). In obese
patients the X-ray beam penetrates through more tissue to
reach the image detector. Therefore, high radiation expo-
sure should always be considered when planning endovas-
cular procedures on obese patients. Attempts to reduce the

X-ray dose with the use of collimators, pulsed fluoroscopy
and minimized fluoroscopy time should always be made [12].

In our study, all of the patients who received a radiation dose
exceeding 2 Gy had a BMI above 30. In addition to a high-
er BMI, greater aneurysm neck angulations were found in
patients who received radiation doses exceeding 2 Gy. Such
anatomical features should probably be taken into consid-
eration, favoring open repair in young obese patients with
AAA to avoid eventual stochastic effects of the radiation. In
general, a proper anatomical preoperative classification al-
lows reduction of the risk related to high radiation exposure.

It should also be noted that in the case of breathing move-
ments (not considered as an independent value in this
study), repetition of the DSA control series may be a com-
mon reason for increasing the patient’s exposure to radi-
ation and the dose of administered contrast media. The
breathing movement can be suppressed by temporarily dis-
connecting a patient from the respirator or asking them to
hold their breath if they are not under general anaesthesia
and able to cooperate.

In many cases, EVAR is performed in patients with an ele-
vated risk of significant comorbidities with open surgical re-
pair (OSR). Even with a difficult anatomy, the risk of symp-
tomatic radiation overdose in such patients is much lower
than the risk of denying treatment or OSR.

CONCLUSIONS

This study supports the conclusion that the main factors
contributing to a high radiation dose being acquired by pa-
tients during EVAR are: BMI >25, tortuosity of iliac arter-
ies >45° and short aneurysm neck. The patient, who must
make a conscious decision about the surgery (and sign the
informed consent), should be informed about possible com-
plications that can lead to receiving a high dose of radiation.
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