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INTRODUCTION

Neurointerventional radiology proce-
dures are increasingly used. Because 
of the complexity in the anatomy and 
procedures, neurointerventional radiol-
ogy procedures often require a long 
time to perform. Patient radiation dose 
is an important issue due to the hazards 
of ionizing radiation. The two types of 

radiation effects that are a hazard to the 
patient are the deterministic and sto-
chastic effects.1 The deterministic effect 
is defined as the effect related to the 
radiation dose causing localized injury 
to the tissue when the radiation dose 
reaches the dose threshold.2,3 A greater 
radiation dose will cause more injury in 
the deterministic effect. Conversely, the 
stochastic effect is defined as the effect 
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Purpose: Neurointerventional radiology procedures often require a long time to perform. Pa-
tient radiation dose is an important issue due to the hazards of ionizing radiation. The objective 
of this study was to measure the peak skin dose (PSD) and effective dose to estimate the deter-
ministic and stochastic effects of a therapeutic interventional neuroradiologic procedure. 
Materials and Methods: The cumulative dose (CD) and dose area product (DAP) were auto-
matically recorded by a fluoroscopic machine and collected prospectively between April and 
November 2015. The study included 54 patients who underwent therapeutic neurointerven-
tional radiology procedures. The CD of each patient was used to estimate the peak skin dose 
and the DAP was also calculated to estimate the effective dose. 
Results: The average estimated peak skin dose was 1,009.68 mGy. Two patients received ra-
diation doses of more than 2 Gy, which is the threshold that may cause skin complications and 
radiation-induced cataract. The average effective dose was 35.32 mSv. The majority of patients 
in this study (85.2%) who underwent therapeutic neurointerventional radiologic procedures 
received effective doses greater than 20 mSv. 
Conclusion: Not all therapeutic neurointerventional radiology procedures are safe from de-
terministic complications. A small number of patients received doses above the threshold for 
skin complications and radiation induced cataract. In terms of stochastic complications, most 
neurointerventional radiology procedures in this study were quite safe in terms of radiation-in-
duced cancer. 
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without reaching the dose threshold, but the effect may oc-

cur over time. There is no threshold for the stochastic effect, 

but increased radiation causes a greater risk for this effect to 

occur. The risk for cancer-associated radiation is an example 

of the stochastic effect.4

Based on the background knowledge of the radiation 

effect, many retrospective and prospective studies found 

some patients who underwent neurointerventional radiol-

ogy procedures may have received a very high radiation 

dose5-7 that caused a permanent skin complication or radia-

tion-induced cataract.3 Moreover, in terms of the stochastic 

radiation effect the radiation dose from the procedure will 

increase the risk for cancer as well.8-10 Knowing the radiation 

dose and the effects that may occur from neurointervention-

al radiology procedures can raise the concern of the physi-

cian and the interventionist to be aware of the complications 

of ionizing radiation and provide better care of the patients 

in daily clinical practice. There are many measurements relat-

ed to the radiological dose. The absorbed dose is measured 

in Gray (Gy) units. Fluoroscopic time describes the number of 

images obtained in each procedure. This parameter provides 

a poor estimation of skin dose because it does not depend 

on X-ray field size, position, or patient size.11 Dose area prod-

uct (DAP) describes the total dose of X-ray flux in the beam.12 

The DAP does not correlate well with the skin dose because 

there is no effect of the distance in this parameter. However, 

this parameter correlates well with the stochastic effect.13-16 

The effective dose17,18 reflects the sum of the dose equiva-

lents (Sv) for each organ in the body, weighted by a factor 

to reflect radio-sensitivity. The effective dose estimates the 

whole-body dose required to produce the same stochastic 

risk as the partial-body dose that is actually delivered by a 

radiological examination or procedure.

The purpose of our study was to quantify the estimated 

peak skin dose (PSD) to estimate the deterministic effect and 

effective dose to estimate the stochastic effect. A previous 

study showed a good correlation in estimating the PSD us-

ing the cumulative dose (CD) and the effective dose using 

the DAP.19 Therefore, the main factor in our study is to deter-

mine these two parameters to calculate the estimated PSD 

and effective dose. 

MATERIALS AND METHODS

Patients
This study used prospectively collected data from all patients 
older than 15 years who underwent a therapeutic neuroint-
erventional radiology procedure at Songklanagarind Hospital 
from April to November 2015. Written informed consent de-
tailing the procedure was obtained from all patients before 
intervention. The present study was approved by the Ethics 
Committee of Faculty of Medicine, Prince of Songkla Univer-
sity (IRB No. 58-165-07-4).

Definitions
PSD describes the maximal radiation dose at any point of 
the patient’s skin which is the best predictor to evaluate a 
local complication from the deterministic effect. However, 
measuring this parameter is difficult and not practical in daily 
clinical practice.19,20 CD is the air kerma value at a specific 
point.21 CD does not include the tissue backscatter. The 
center may not present the actual area of the patient’s skin 
causing inaccuracy in the measurement of the skin dose. CD 
is usually greater than the actual PSD. However, CD does cor-
relate well with the actual skin dose,19 which is measured in 
Gy units. By knowing the CD and dose index we can calcu-
late the estimated skin dose.19 Dose index is a ratio between 
the CD at an interventional reference point (IRP) and the real 
PSD. This parameter is specific for each procedure and oper-
ator.22,23 Due to the difficulty of quantifying the PSD, we can 
use the dose index to calculate the PSD. If we know the dose 
index and CD at the IRP, we can calculate the estimated PSD. 
From a prior study, the dose index for a body interventional 
procedure is about 0.49–1.0 which is a very wide range. For-
tunately, a more precise dose index in neurointerventional 
radiology procedures is about 0.51–0.56.19 In our study we 
used 0.56 to calculate the estimated PSD.

Measurements and data analysis
One fluoroscopic machine (biplanes digital subtraction an-
giography, Allura FD20; Philips, Best, The Netherlands) was 
used for the neurointerventional radiology procedure. At the 
end of the procedure, the cumulative dose, dose area prod-
uct, fluoroscopic time, diagnosis, and the procedure time 
were collected instantly and automatically by the computer 
system. The effective dose was calculated for each patient by 
multiplication of DAP using a conversion coefficient of 0.087.24 
The PSD was estimated by calculation of the CD multiplied 
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by the dose index of 0.56.
Data were compiled into a spreadsheet (Microsoft Office 

Excel 2010; Microsoft Corporation, Redmond, WA, USA), and 
a descriptive analysis was performed using statistical soft-
ware (R version 3.1.2 for windows; Free Software Foundation, 
Inc., Boston, MA, USA). The correlation was calculated using 
the statistical software.

RESULTS

Fifty-four patients were enrolled in this study. Twenty-eight 
patients (51.9%) were female. The mean age of the patients 
was 48 years (range, 15 to 82 years). The majority of diag-
noses were aneurysm (42.6%) and arteriovenous malfor-
mation (42.6%). The other diagnoses included dural carotid 
cavernous fistula, dural arteriovenous fistula, and juvenile 
angiofibroma in 9.3, 3.7, and 1.9%, respectively. Almost half of 
the procedures (46.3%) were glue embolization. Other pro-
cedures included aneurysmal coiling, stent assisted coiling, 
balloon embolization, coil embolization, and polyvinyl alco-
hol embolization in 35.2, 7.4, 5.6, 3.7, and 1.9%, respectively. 

A summary of the diagnoses and procedures are in Table 1. 
Our CD was the summation of the frontal and lateral fluoros-

copy. The mean CD was 1,803. By using the dose index of 0.56, 
the estimated mean skin dose was 1,009.68 mGy. The mean 
DAP was 406.19 Gy·cm2. The mean effective dose was 35.32 
mSv when we used the coefficient of 0.087 mSv/mGy·cm2. 
The mean fluoroscopic time was 20.9 minutes. The conclu-
sions of the CD, DAP, estimated PSD, effective dose, and fluo-
roscopic time are shown in Table 2. The correlation between 
fluoroscopic time and CD at the IRP is also presented in Fig. 1.

When using the subgroup analysis depending on the pro-
cedure, the procedure that had the highest radiation dose 
was presumably the stent-assisted coiling showing a mean 
CD of 2,222.5. However, the maximum radiation dose was 
found in coiling that showed a maximal CD of 4,130.7. The 
subgroup analysis conclusion is described in Table 3. In terms 
of dosimetry, the parameter that indicates the deterministic 

Table 1. Demographic data

Parameter Value

Sex

Male 26 (48.1)

Female 28 (51.9)

Diagnosis

Aneurysm 23 (42.6)

Arteriovenous malformation 23 (42.6)

Dural arteriovenous fistula 2 (3.7)

Dural carotid carvernous fistula 5 (9.3)

Juvenile angiofibroma 1 (1.9)

Procedures

Glue embolization 25 (46.3)

Coiling* 19 (35.2)

Stent assisted coiling 4 (7.4)

Balloon embolization 3 (5.6)

Coil embolization† 2 (3.7)

PVA embolization 1 (1.9)

Values are presented as number (%).
PVA, polyvinyl alcohol.
*Aneurysmal coiling. 
†Embolization using coil in dural arteriovenous fistula and dural 
carotid carvernous fistula.

Table 2. Overall radiation parameter

Parameter Value

CD (mGy) 1803 (654.5–4,130.4)

PSD (mGy) 1,009.7 (366.5–2,313.0)

DAP (Gy·cm2) 406.2 (156.4–874.8)

Effective dose (mSv) 35.3 (13.6–76.0)

Fluoroscopic time (minutes) 20.9 (4.3–60.4)

Values are presented as mean (range). 
CD, cumulative dose; PSD, peak skin dose; DAP, dose area product.
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Fig. 1. Correlation of fluoroscopic time and CD at interventional refer-
ent point. CD, cumulative dose.
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effect is the PSD, and the stochastic effect is the effective 
dose. By using a dose index of 0.56 and a conversion coef-
ficient of 0.087, the estimated PSDs and effective doses are 
shown in Table 4. 

Concerning the deterministic effect outcome, two patients 
(3.7%) received the estimated PSD that exceeded the thresh-
old of 2 Gy. One patient had stent-assisted coiling performed, 
and the other had a coiling procedure. Twenty patients (37%) 
had doses higher than 1 Gy. For the stochastic effect out-
come, 14.8% received an effective dose not greater than 20 
mSv, and 85.2% received an effective dose greater than 20 
mSv (Table 5).  

DISCUSSION

Unlike a CT scan or plain radiograph, fluoroscopic proce-
dures are more prone to cause localized effects due to the 
ionizing radiation which is a deterministic effect. A single 
dose that exceeds 2 Gy may cause skin epilation or cataract. 

Permanent epilation and skin necrosis may appear if acute 
radiation doses are higher than 7 and 12 Gy, respectively. Pro-
tracted exposure to the eye may cause cataract if the dose 
exceeds 4 Gy within 3 months or 5.5 Gy over a period of time 
longer than 3 months.3 A few previous studies showed that 
higher values of the dose threshold caused cataract or even 
permanent skin injury.6,7,19 

A previous study in Thailand by Sangkrut et al.25 studied ra-
diation dose in interventional procedures. However, they did 
not include PSD, which is a more accurate predictor of the 
deterministic effect. This study is the first to collect the radi-
ation dose in therapeutic neurointerventional radiology pro-
cedures and focus on PSD in Thailand. Although we could 
not determine the real skin dose due to a lack of instruments 
for measurement, we used the dose index calculated from 
a previous study19 to estimate the PSD, which is likely to be 
more accurate than the previous study in Thailand.25

Our results demonstrated that two patients received a 
PSD higher than 2 Gy, which is the threshold that may cause 
skin epilation and a single dose for radiation-induced cat-

Table 3. Mean of dose and time analysis by procedures

Procedure CD (mGy) DAP (Gy·cm2) Fluoroscopic time (minutes)

Coiling* 2,141 (718.3–4,130.7) 409.4 (156.4–835.2) 23.7 (7.21–57.0)

Glu embolization 1,519 (654.5–2,946.5) 404.5 (183.0–874.8) 15.9 (5.15–34.0)

Stent assisted coiling 2,222.5 (946.7–3,691.3) 428.9 (253.3–601.6) 36.3 (27.6–44.6)

Balloon embolization 1,281.6 (757.1–2,083.4) 350.1 (239.8–550.4) 10.1 (10.3–18.5)

Coil embolization† 1,828.3 (1,155.7–2,500.8) 408.1 (270.4–545.8) 41.2 (22.0–60.4)

PVA embolization 1,295.1 462.9 22.4

Values are presented as mean (range).
CD, cumulative dose; DAP, dose area product; PVA, polyvinyl alcohol.
*Aneurysmal coiling. 
†Embolization using coil in dural arteriovenous fistula and dural carotid carvernous fistula.

Table 4. Estimated PSD and effective dose

Procedure Effective dose Estimate PSD

Coiling* 35.6 (13.6–72.7) 1,199.0 (402.3–2,313.2)

Glu embolization† 35.2 (15.9–76.1) 850.6 (366.5–1,650.0)

Stent assisted coiling 37.3 (22.0–52.3) 1,244.6 (530.2–2,067.1)

Balloon embolization 30.5 (20.9–47.9) 717.7 (424.0–1,166.7)

Coil embolization 35.5 (23.5–47.5) 1,023.9 (647.2–1,400.5)

PVA embolization 40.3 725.2

PSD, peak skin dose; PVA, polyvinyl alcohol.
*Aneurysmal coiling. 
†Embolization using coil in dural arteriovenous fistula and dural carotid carvernous fistula.
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aract.3 The procedures that involved high radiation doses 
were stent assisted coiling and coiling. The explanations 
for the high doses in these two procedures might be the 
complexity of the techniques. Fig. 1 shows a scatter plot of 
the correlation between fluoroscopic time and CD at the 
reference point by implying that more fluoroscopic time was 
related to the complexity of the procedure. A good correla-
tion between the CD and fluoroscopic time indicates that 
the complexity of the procedure may be more prone to ex-
ceed the PSD. The International Commission on Radiological 
Protection (ICRP 2000)3 recommends that the results of pa-
tients who receive more than 2 Gy in a one-time procedure 
or 1 Gy in patients who tend to have a procedure multiple 
times should be recorded in their medical records. In our 
study, two patients (3.7%) had a PSD higher than 2 Gy and 
20 patients (37%) had a PSD higher than 1 Gy which required 
monitoring according to the ICRP recommendation. For the 
stochastic effect according to the Radiation Protection Series 
Publication No. 8,26 which was modified from the ICRP 19911 
and incorporates the risk terminology recommended by 
Calman27, there are four groups at risk of cancer related to the 
effective dose. First is the effective dose <0.2 mSv, second 
is the effective dose ≥0.2 and <2 mSv, third is the effective 
dose ≥2 and ≤20 mSv, and the fourth is the effective dose 
>20 mSv. The first group has a minimal risk of cancer (~10-5 or 
less), the second group has a very low risk of cancer (~10-5 to 
10-4), the third group has a low risk of cancer (~10-4 to 10-3), 
and the fourth group has a moderate risk of cancer (~10-3 or 
more). According to this research publication,26 the majority 
of patients (46 patients) in our study were in the moderate 
risk group for radiation-induced cancer. In fact, the incidence 
of cancer in the general population is about 25% (about one 
in four patients).27,28 When we calculated using the ICRP risk 
coefficient for fatal cancer,26 we found that the fatal cancer 
risk of patient radiation dose during the neurointerventional 
procedure at 20 mSv and 100 mSv were 250 times and 50 
times lower than the cancer mortality rate in the general 

population, respectively. That is why the previous publica-
tions28-30 concluded no clear risk of radiation-induced cancer 
at the low dose (<100 mSv). Therefore, in our opinion, the 
neurointerventional radiology procedures in this study were 
not considered moderate risk for radiation-induced cancer 
but were quite safe. Therefore, the first concern of the neuro-
interventional radiologists should be the benefit of the pro-
cedure for saving the life of the patients with cerebrovascular 
disease. However, the operators should also try to minimize 
the radiation dose if they can. 

Many previous publications have reported on radiation 
doses in neurointerventional radiology procedures. A study 
by Persliden7 used DAP to calculate the estimated skin dose 
which showed a little higher average calculated skin dose 
of about 1,250 compared to 1,009.68 in our study. Similar 
results were reported by Alexander et al.6 who collected the 
radiation dose from both therapeutic and diagnostic pro-
cedures. The average dose of therapeutic procedures was 
about 2,292.3 mGy compared to 1,803 mGy in our study. The 
radiation doses in interventional radiology (RAD-IR) study 
reported by Miller et al.19 also showed higher radiation doses 
than our study. In the RAD-IR study,19 the average skin dose 
of therapeutic neurointerventional procedures was about 
2,106 mGy compared to 1,009.68 in our study. The RAD-IR 
study19 published in 2003 presumably showed the highest 
radiation dose compared to the reports by Persliden7 and 
Alexander et al.6, published in 2005 and 2010, respectively. 
Our study period in 2015 was the latest report compared to 
the others. In the future, new techniques, more experience 
in neurointerventional radiology procedures, as well as bet-
ter fluoroscopic machines may reduce the radiation dose. 
The individual skill of the operator is also involved in this per-
spective. However, most neuroradiological procedures are 
mandatory and are accepted to have more benefits in com-
parison to the minor risk from the radiation dose. Knowing 
the risks that may occur from the dose of radiation will bring 
more awareness in radiation protection and also follow-up 
of the patient to improve patient safety rather than not per-
forming the neurointerventional radiology procedure. 

There are some limitations of this study. First, we used the 
calculated PSD from the CD. Although a previous study19 
showed a good correlation between CD and PSD, it is still 
not the real PSD. Dose mapping or an instrument that can 
measure the actual skin dose would acquire more accurate 
parameters. Second, we also used the dose index to calculate 
the PSD from the CD. Actually, the dose index is operator- 

Table 5. Effective dose distribution

Effective dose (mSv) Value

<0.2 0

≥0.2 and <2 0

≥2 and ≤20   8 (14.8)

>20 46 (85.2)

Values are presented as number (%).
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and procedure-specific, obtained by the measured real PSD. 
We used this parameter because we had no instrument to 
measure the real PSD; therefore, the accuracy of our PSD was 
reduced. Third, due to limited time and resources, we could 
collect data on only a small number of patients. However, 
the results may provide baseline data for our institution and 
the country. A longer study period or routine data collection 
in the future would be helpful to increase the number of 
patients. Last, this study focused only on radiation dose. We 
did not focus on other factors that cause high radiation dose. 
Further study is mandatory to find out what causes higher 
radiation dose in each procedure.

CONCLUSION

Not all neurointerventional radiology procedures are safe 
from deterministic complications. A small number of pa-
tients still received a dose higher than the threshold for skin 
complications and radiation-induced cataract. In terms of 
stochastic complications, we concluded that most neuroin-
terventional radiology procedures in our study were at low 
risk of radiation-induced cancer compared with the risk in 
the general population.
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