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Abstract 
Purpose: Increasing physician awareness of patient exposure to radiation is 
an important step towards the reduction of potentially harmful effects of rad-
iation. Published studies demonstrated that providing physicians with feed-
back regarding their fluoroscopy time leads to a reduction in average fluo-
roscopy times. The aim of this work was to analyze and publish our medical 
center data observed during the past year; fluoroscopy time (FT), Dose Area 
Product (DAP) and cumulative dose (CD) were monitored for radiation pro-
tection purposes. Methods: Fluoroscopy time is one of multiple radiation 
dose indices used in radiation safety auditing. Such auditing is nowadays 
turning into requirement of patient care safety and quality improvement; as 
indicated by accreditation bodies both nationally and internationally. All 
non-cardiac procedures performed outside radiology department by surgeons 
and interventionists are viewed. FT, DAP and CD are extracted for analysis. 
Results: a total of 846 cases were studied (643 orthopedic, 99 others, 73 urol-
ogy, 17 chest, 7 vascular and 4 ERCP cases). Mean FT was 1.3 minutes, mean 
CD to the patient was 12.98 mGy and the mean DAP was 4.53 Gy/cm2. The 
longest FT noted was 55 min. The maximum CD was 904 mGy and the 
maximum DAP was 689 Gy/cm2. Using spearman’s correlation test we found 
out that there is a significant correlation between FT and DAP (correlation 
coefficient = 0.615, p. value < 0.001). There is a significant correlation be-
tween FT and CD (correlation coefficient = 0.628, p. value < 0.001). Conclu-
sion: Information about FT that used in each procedure can be used as a tool 
for patient dose optimization. As we found a significant correlation between 
DAP as well as CD. Reducing fluoroscopic time (FT) is a radiation protection 
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goal, since it serves the purpose of protection for both the patient and the 
workers. 
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1. Introduction 

Interventional procedures utilizing fluoroscopy is widely used by many medical 
specialties like, orthopedics, urology, gastroenterology, and vascular divisions, 
were C-arm fluoroscopy machine is mainly used for guidance. During these 
procedures the fluoroscopy is ordered by the surgeon who is the operation team 
leader and the radiation starts and terminated upon his request. The fluoroscopy 
procedures radiation doses carry risks of stochastic or deterministic injury to the 
patient and the highest dose is to the skin at the entrance site of radiation beam 
[1]. The magnitude of radiation dose received by the patients during interven-
tional procedures is dependent on the method used by the surgeon operating the 
machine in the operating theater; he can reduce the fluoroscopy time resulting 
in reduction of the radiation dose [2] [3]. 

The radiation doses are given as skin doses. Fluoroscopy time has been used 
as a surrogate for skin dose, but it is a poor proxy because it does not account for 
factors such as radiation dose from radiographic or fluoroscopic images, differ-
ences in fluoroscopic dose rate, or movement of the radiation field on the pa-
tient’s skin [4]. Radiation dose should be monitored throughout the procedure 
and recorded after the procedure [5]. This study is targeted to assess all fluoros-
copic procedures performed outside radiology department considering the issue 
that non-radiologist physicians don’t have an adequate radiation safety program 
in their training fellowship beside the lack of guidelines that provides a dose ref-
erence levels for many of the fluoroscopic procedures performed in theatre 
rooms. In order to assist physicians to request radiological studies weighting the 
risk in relation to the benefits, it is necessary for them to have the knowledge on 
ionizing radiation and its risks. If that knowledge is inappropriate, patients may 
be investigated more times and by methods that rely on higher than necessary 
radiation doses [6].  

For the purpose of safety and optimization of radiation dose to both the pa-
tient and the workers all fluoroscopy procedures performed outside radiology 
shall be monitored to ensure that the radiation dose to the patient is “ALARA”. 
In this study, fluoroscopy time and its relation with the cumulated dose during 
non-cardiac interventional procedures will be studied, the results will be com-
pared with internationally reported data and the reliability of using fluoroscopy 
time as a surrogate for radiation exposure will be discussed. 
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2. Methods 

The radiation safety officer in diagnostic radiology monitored the fluoroscopy 
time registered for all procedures and the fluoroscopy time (FT) is obtained 
from PACS system is used as optimization and safety tool by notifying the oper-
ating physicians about their procedures radiation duration (FT) which will have 
an impact on their future cases. 

Data of (FT) fluoroscopy time, (DAP) dose area product and cumulative dose 
are collected from all cases (see Figure 1) done in 2017 and analyzed. The data 
were presented as a feedback to the concerned physician’s department and to the 
hospital’s radiation safety committee. The data are from a tertiary care medical 
centre with bed capacity of more than 1600 beds. Research centre ethical com-
mittee approval was obtained before the start of this project. 

Descriptive statistics was performed on the FT distribution. The potential re-
lationship between the Fluoroscopy Time, Cumulated Dose and Dose Area 
Product was tested for correlation by calculating both spearman and Pearson 
correlation coefficients. 

3. Results 
3.1. Relationships between Fluoroscopy Time and Cumulative Dose 

The total number of cases presented in this work is 846 cases performed from 
January 2017 to December 2017 in tertiary care medical Centre; histogram in 
Figure 1 is show the types and number of procedures performed. Table 1 below 
shows the data for CD, DAP and FT. 

Since the distribution of fluoroscopy time, cumulative dose and dose area 
product does not follow a normal pattern as described below in Figures 2-4; non 
parametric statistics were used to perform the analysis such as ρ spearman cor-
relation coefficient in testing the potential correlation between fluoroscopy time 
and cumulative dose. The scatter map for Fluoroscopy Time in [min] is pre-
sented in Figure 5. 
 

 
Figure 1. Data distribution per group of clinical procedures. 
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Table 1. Descriptive table. 

Variable Min Max Median mean SD 

Cumulative Dose (mGy) 0 904 1.6 12.98 47.67 

DAP (Gy∙cm2) 0 689 0.41 4.53 30.62 

Total F. time (in seconds) 0 3300 27 78.9 202.18 

 

 
Figure 2. Cumulative Dose (CD) distribution. 

 

 
Figure 3. Dose Area Product (DAP) distribution. 
 

There was a significant correlation between fluoroscopy time and DAP (ρ 
spearman correlation coefficient = 0.615, p. value < 0.001) There is a significant 
correlation between fluoroscopy time and cumulative dose (ρ spearman correla-
tion coefficient = 0.628, p. value < 0.001). 

The fluoroscopy times are then classified as per medical divisions performing 
fluoroscopic guided procedures, the majority (76%) were orthopedic procedures. 
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Figure 4. Distribution of fluoroscopy time (FT) for all the observed procedures. 
 

 
Figure 5. Scatter map for Fluoroscopy Time in [min]. 
 

The fluoroscopy time is categorized into groups as in the Figure 4. 

3.2. Fluoroscopy Time during Orthopedic Procedures 

As orthopedic procedures represent 75% of total cases of this study, we extracted 
them and compared our results with three published studies in Table 2. 

4. Discussion 

All fluoroscopy machines are set to notify the operator about the fluoroscopy 
time as it beeps at every 5 minutes of screening time, on the other hand the ma-
chines do not provide any notification at any level of dap or cumulative dose. 

It important to physicians to be notified about radiation exposure to their pa-
tient during the procedure not later on by looking at the estimated entrance skin  
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Table 2. Average FT and other reported studies. 

Author n t (minutes) 

This study 643 5.06 

V. Tasapaki [7] 205 2.2 

Malek [8] 670 2.5 

Tsalafoutas [9] 204 3.0 

 
dose or DAP, and this could be achieved by monitoring the fluoroscopy time 
while operating on the patient in the absence of DAP or CD alarms. Koichi Chi-
da [10] reported that it is recommended to that the physicians record the fluo-
roscopic time when DAP cannot be monitored for estimating the maximum pa-
tient skin dose in RFCA procedures. 

Yet there are many published studies confirming that fluoroscopy time is a 
weak dose indicator and should not be used alone to estimate the radiation dose. 
While we found that there is significant correlation between FT and DAP as well 
as CD and this finding could be attributed to the large number of cases included 
in this study 846 while other studies were reporting at most 145 cases. 

Most studies that address fluoroscopy time are coned usually to a certain pro-
cedure or a specific age, especially pediatrics and this can be explained that pe-
diatrics are of a special concern when it comes to radiation safety as their cells 
are less differentiated and more sensitive to radiation beside that they have a 
longer life expectancy [11]. However, studying the fluoroscopy time in a limited 
range makes the results less consistent with the findings. 

Skripochnik, published an article on March 2017 about fluoroscopy time and 
they concluded that Fluoroscopy time shows minimal correlation with radiation 
delivered and therefore is a poor surrogate for radiation exposure during fluo-
roscopy procedures [12]. They conducted their study specifically on 145 Lower 
extremity endovascular intervention cases. J. McBride explored the factors that 
may affect the radiation dose and fluoroscopy time in RAS “renal artery stent 
placement procedure” [13]. The study outlined only one factor that increase pa-
tient radiation dose and fluoroscopy time which is the number of stents placed. 
The study was performed on 136 patients who have RAS which makes this study 
and its finding homogenous compared to the variable fluoroscopic procedures. 
Bucci et al., outlined the factors that affect patient dose and proposed some 
changes that may be changed to the fluoroscopy machines settings in order to 
minimize the patient’s dose [14]. Brady, reviewed the pediatric dose from 
MCUG “micturition cysto-urethrogarm”. The study showed that there is no 
correlation between physician’s experience and radiation dose resulting from 
their selected study. The study used DAP results to assess the patient dose only 
[15]. 

In conclusion, to the best of our knowledge there was no published study cov-
ering quit large population size that addresses the variability in fluoroscopy time 
during procedures that utilize fluoroscopy guidance. 
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We recommend an annual review of fluoroscopy time in large medical centers 
and the utilization of the obtained information as an optimization tool for pa-
tient and staff safety in collaboration with the medical practitioners conducting 
the procedures. 

5. Conclusion 

Published studies showed that fluoroscopy time (FT) is a weak dose indicator 
and cannot be used alone to estimate the radiation dose to the patient as it does 
not correlate with DAP and CD, in our study we found out throughout the 846 
cases that there is a significant correlation between fluoroscopy time DAP and 
CD as well. We suggest that informing physicians about the fluoroscopy time 
measured during the procedures they have performed is a reliable patient dose 
optimization method; allowing clinician to optimize their practice. 
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