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Abstract

Background: Interventional radiology (IR) is becoming more relevant in patient care and is associated with increased patient radiation exposure and radiation-induced adverse effects. Diagnostic reference levels (DRLs) are crucial for radiation control. There is a paucity of published DRLs for IR in South Africa and sub-Saharan Africa.

Objectives: This study aimed to determine local DRLs for fluoroscopically-guided IR procedures and compare the achieved DRLs with published local and international DRLs.

Method: Retrospective, descriptive, single-centre study. Kerma air product (KAP), reference point air kerma (Ka,r) and fluoroscopy time (FT) were collected for patients (12 years and older) who underwent IR procedures at a university hospital from 01 January 2019 to 31 December 2019. The 75th percentile of the distribution of each dose parameter (KAP, Ka,r and FT) per procedure was calculated and taken as the local diagnostic reference levels (LDRL). The established LDRLs were compared to published DRLs.

Results: A total of 564 cases were evaluated. The 13 most frequent procedures (with 15 or more cases) represented 86.1% (487/564). Percutaneous transhepatic biliary drainage was the most common procedure (n = 146, 25.9%). Diagnostic cerebral angiogram DRLs exceeded the published DRL data ranges for all parameters (DRL 209.3), and interventional cerebral angiogram exceeded published ranges (DRL 275). Uterine artery embolisation (UAE) exceeded these ranges for KAP and Ka,r. (KAP-954.9 Gy/cm2, Ka,r-2640.8 mGy).

Conclusion: The LDRLs for diagnostic cerebral angiogram, interventional cerebral angiogram and UAE exceeded published international DRL ranges. These procedures require radiation optimisation as recommended by the International Commission on Radiological Protection (ICRP).

Contribution: In addition to informing radiation protection practices at the level of the institution, the established LDRLs contribute towards Regional and National DRLs.
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Introduction

Use of interventional radiology (IR) in patient care is increasing,1,2 and in some countries, it is doubling every 2–4 years.3 This calls for effective radiation control. Radiation exposure can lead to deterministic (radiation-induced tissue injuries) or stochastic effects. The linear-no-threshold (LNT) model, derived in part from epidemiological studies,4 is used to estimate the risk of stochastic effects. Because there is no threshold, all radiation doses are afforded the same scrutiny. There are measures to minimise patient radiation dose in IR.5 Limited knowledge and awareness of patient radiation exposure amongst non-radiology doctors6,7 and radiologists8,9 contributes to suboptimal patient radiation protection in South Africa. This leads to significant underestimation of dose and the risk of adverse events.

Radiation control is achieved through optimisation, justification and dose limitation without compromising image quality.10 For optimisation, the International Commission on Radiological Protection (ICRP) recommends the use of diagnostic reference levels (DRLs). A DRL value is set at the 75th percentile of the distribution of a radiation parameter observed in a facility (typical DRLs), a few facilities (local DRLs) or multiple facilities throughout a country (national DRLs).10 The DRLs are not set as radiation limits, nor are they meant for individual patients; instead, the median values (from multiple patients undergoing a procedure) of a DRL parameter are compared with typical, local, national or regional values. If the obtained DRL value exceeds these values, an investigation should be undertaken and corrective measures implemented without undue delay. The ICRP acknowledges that establishing DRLs for IR procedures is more complex because of variation in patients (patient anatomy and clinical factors) and the lesions (pathology) being treated.10 To account for this, some studies use a complexity factor to normalise DRL values. This requires substantial clinical data that is not always available. Diagnostic reference levels obtained without factoring complexity are of substantial use.

There is limited published data on DRLs in South Africa and sub-Saharan Africa. This is true for low- and middle-income countries (LMICs) in comparison to high-income countries. In 2015, less than one-quarter of the 135 LMICs had any form of published DRL data.11 There has, however, been a trend towards an increasing number of publications: 5 in 1997–2006, 18 in 2007–2011 and 30 in 2012–2015.11 Very few articles have been published on South African DRLs for diagnostic radiology and even fewer for IR fluoroscopically guided procedures. A 2021 review of South African DRL data12 showed that there were only DRL data from three of the nine provinces (a requirement for national DRLs is that data should be from all provinces) and that there were no DRLs established for mammography and dental procedures (not all the five major imaging modalities).

As far as the authors are aware, there are only two articles establishing DRLs for IR in sub-Saharan Africa. The most recent study is from South Africa by Malan et al.13 at Stellenbosch University. It was published in 2020 and sought to determine the local diagnostic reference levels (LDRLs) for common fluoroscopically-guided procedures in the South African context and to compare those to published international data. The other study was from Kenya, conducted in 2013 by Korir et al.14 to quantify ionising radiation exposure to patients during interventional procedures and establish national diagnostic reference levels (NDRLs) for clinical radiation exposure management.

This study sought to address the paucity of DRL data for IR procedures in South Africa. The aim was to establish local DRLs for fluoroscopically-guided IR procedures and compare the achieved DRL to published local and international DRLs.

Research methods and design

The study was designed as a retrospective, descriptive, single-centre study. The study population included consecutive patients (adolescents over the age of 11 years and adults) who underwent fluoroscopically-guided IR procedures (diagnostic or therapeutic) at Chris Hani Baragwanath Academic Hospital (CHBAH) from 01 January 2019 to 31 December 2019. The period was chosen to reflect pre-coronavirus disease 2019 (COVID-19) figures. Chris Hani Baragwanath Academic Hospital is located in Soweto in Gauteng, South Africa. It is a tertiary-level 3400-bed (the third largest in the world) hospital and is the main teaching hospital for the University of the Witwatersrand medical school.

Data collection

The kerma air product (KAP), reference point air kerma (Ka,r) and fluoroscopy time (FT) were automatically generated by the fluoroscopy unit at the conclusion of each procedure. Radiographers recorded this data in logbooks, from which the researchers acquired it. The department at the time of the study used two fluoroscopy units, the Philips Allura Xper FD20/20 (biplane) and the Philips Allura Xper FD20 (monoplane), which were both installed in 2010.

Dosimetry

The dose area product (DAP) – indirect dose parameters – was provided by built-in software for the biplane system. The KAP is the integral of air kerma (the energy extracted from an X-ray beam per unit mass of air in a small irradiated air volume; for diagnostic X-rays, the dose delivered to that volume of air) across the entire X-ray beam emitted from the X-ray tube.15 Air kerma at the patient reference point (Ka,r), also known as cumulative dose or reference dose, is the air kerma accumulated at a specific point in space (the patient entrance reference point) relative to the fluoroscopic gantry.15 Fluoroscopy time refers to all the time spent using fluoroscopy. This correlates poorly with other dose indicators.16

Data analysis

The distribution of IR procedures in this sample was tabled using the frequency function on Microsoft Excel. The most frequent procedures were identified (15 or more cases) and included in the analysis. Conversely, procedures with fewer than 15 cases were excluded from the analysis. The KAP, Ka,r and FT for the included procedures were captured. The mean, median (50th percentile) and 75th percentile of the distribution of each radiation exposure parameter were determined for each procedure. The 75th percentile of data distribution for the DAP and Ka,r of each IR procedure was taken as the LDRL. The LDRLs were compared with published local and international DRLs.

Ethical considerations

Ethical approval to conduct this study was obtained from the University of the Witwatersrand Human Research Ethics Committee (ref. no. M220320).

Results

Frequency of interventional radiology procedures

The total number of IR cases performed during the study period was 564. The 13 most frequent procedures (each with 15 or more cases) represented 86.1% (n = 487) of all cases, as reflected in Figure 1. Procedures that had 14 or fewer procedures included transthoracic needle lung biopsy (n = 6), transjugular liver biopsy (n = 5) and transjugular intrahepatic portosystemic shunt (TIPS) (n = 1). The most frequently performed procedure was percutaneous transhepatic biliary drainage (PTBD) (n = 146). The biplane angiography unit was nonfunctional for four months (April 2019 – July 2019). During this period, no neuro-interventional cases were conducted, affecting the total number of cases.
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Radiation exposure parameters

Table 1 represents the per procedure median, interquartile range, 75th percentile and 75th:50th ratio for KAP, Ka,r and FT. The highest radiation dose was recorded for uterine artery embolisation (UAE) (KAP = 954.9 Gy/cm2, Ka,r = 2640.8 mGy). The longest FT LDRL was recorded for interventional cerebral angiogram (34.1 min). Peripherally inserted central catheter (PICC) insertion had the lowest LDRL for both KAP (2 Gy/cm2) and Ka,r (5 mGy). The shortest FT LDRL was for percutaneous transhepatic cholangiogram (PTC) (0.7 min).
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The ratio of the 75th to 50th centile is used as a measure of the variation with a dose parameter (Table 1). The procedures with the narrowest variation in dose for each parameter were diagnostic cerebral angiogram (1.3) for KAP, interventional cerebral angiogram (1.2) for Ka,r and PTBD internalisation (1.2) for FT. Procedures with the widest variation in dose were unilateral nephrostomy (5) for KAP, UAE (3) for Ka,r and PICC (2.3) for FT.

Comparison with published diagnostic reference levels

Tables 2a–c represent CHBAH LDRLs in comparison to published local and international DRLs. There were comprehensive comparable DRLs for 6/13 procedures, namely PTBD, bronchial artery embolisation (BAE), diagnostic cerebral angiogram, interventional cerebral angiogram and UAE. Diagnostic cerebral angiogram DRLs exceeded the published DRL data ranges for all parameters. Interventional cerebral angiogram exceeded published ranges for FT only. Uterine artery embolisation exceeded these ranges for KAP and Ka,r. The 7/13 procedures with no or incomplete published DRLs to date for comparison are pigtail catheter insertion, bilateral nephrostomy, selective abdominal vessel angiogram, PICC insertion, PTBD internalisation, unilateral antegrade ureteric stent and PTC.
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The procedure type with the most DRL published data were PTBD with published DRLs from 9/10 studies reviewed. Dose parameter with the most published data was KAP with 34 DRLs across all procedures. Regarding published DRLs, the highest recorded across all parameters was for interventional cerebral angiogram (KAP-233.5 Gy/cm2, Ka,r–2993.5 mGy and FT-62.9 min). The lowest was for PICC insertion (KAP-1.2 Gy/cm2, Ka,r–1 mGy and FT-1).

Discussion

The study identified the current scope of IR procedures carried out at a single institution while simultaneously determining procedures not performed or those performed with low frequency. Hepatobiliary (liver and pancreas) IR has room for growth through adding procedures such as TIPS, portal vein embolisation, transarterial chemo-embolisation (TACE), radio-embolisation with radioactive microspheres and radiofrequency ablation, a similar outcome to what another local study13 at a public sector hospital found. This reflects the limited IR expertise in public sector hospitals and should improve with time as more radiologists and registrars are trained in IR.

Uterine artery embolisation recorded the highest DAP doses (selective abdominal vessel interventional angiogram was the second highest), in keeping with findings from other studies. Based on published literature, abdominal and pelvic angiographic interventions13,17 typically have the highest recorded DAP.

This study showed a relationship between KAP and Ka,r. Generally, high KAP corresponds to high Ka,r. The relationship between KAP and FT is not as strong. This is consistent with findings from local13 and international17,18 studies and emphasises that no dose parameters can be extrapolated to infer radiation exposure; instead, as many parameters as possible should be evaluated when optimising radiation exposure. This is echoed in the recommendations by the ICRP.10

Unilateral percutaneous nephrostomy (PCN) had the widest variation in KAP (75th:50th percentile ratio of 5) and wide, although not the widest, variation in Ka,r (1.8) and FT (2.1). This is consistent with findings from other published studies.13 As with the other institutions, nephrostomies are entry-level procedures performed by mostly junior registrars, and the wide variation in dose is most likely attributable to the inconsistency in skill level. The effect of operator experience level on radiation dose has been studied extensively.19,20

Regarding neurological procedures, there was no consistency in the degree of dose variation. Diagnostic cerebral angiogram had the narrowest variation in KAP and Ka,r, whereas interventional cerebral angiogram had the second widest variation in dose. Both these procedures were performed by two highly experienced specialist radiologists. This shows that dose variation is a factor of more than just skill level but rather several factors, including but not limited to patient factors and lesion or pathology factors. Many studies have assessed the effect of the degree of lesion complexity on patient radiation.18,21,22,23 This study could not incorporate lesion complexity because it was a retrospective study and such information was neither recorded, nor was there a standardised way of assessing complexity for the procedures. Diagnostic reference level data from studies that did not include lesion complexity are still of great value.24

This study did not use patient weight as a dose parameter. The link between body mass index (BMI) and patient radiation dose has long been established for digital radiography and fluoroscopically-guided injections.23,25 Regarding IR, some studies found that stratification by weight had no statistically significant effect on third quartile values (DRLs) for head procedures but had significant effect on body procedures.22,24

Diagnostic cerebral angiogram (all parameters), interventional cerebral angiogram (FT) and UAE (KAP and Ka,r) exceeded published local and international DRL ranges. As such, these procedure types need to be reviewed and optimised in accordance with the recommendations of the ICRP so that they are aligned with published DRLs.10 This study is a step towards establishing national IR DRLs, adding to the work by Malan et al.13

Limitations

As a retrospective study, a limited number of parameters that impact dose were evaluated. Parameters such as patient weight (body mass index [BMI]) and lesion complexity could not be included, as this information was not available. Going forward, such information should be recorded to improve the quality of future studies. Although the number of cases for calculating DRLs with a reasonable 95% confidence interval as suggested by Miller et al.24 is 30, the ICRP recommends anything above 15, which is what was applied in this study.

Recommendations

There is a need for standardisation of the terminology used for IR procedures. As with Malan et al.,13 this study stratified nephrostomy into unilateral and bilateral, whereas most other studies did not. In addition, this study also recognises antegrade ureteric stents because it is a procedure that can be performed post nephrostomy. The same principle applies to PTBD internalisation. Standardisation will enable more accurate comparison of dose. Pertaining to the institution, DRLs should be evaluated annually to keep up with factors such as operator expertise, changing procedure profile and machines.

Conclusion

This study is in line with international radiation protection initiatives. At an institution level, it contributes to patient radiation optimisation and nationally to establishing national interventional radiology DRLs. The LDRLs for diagnostic cerebral angiogram, interventional cerebral angiogram and UAE exceeded international ranges in this study. These procedures must be reviewed for radiation optimisation. A suggestion is to include patient weight and complexity of lesions as input parameters.

Acknowledgements

Competing interests

The authors declare that they have no financial or personal relationships that may have inappropriately influenced them in writing this article.

Authors’ contributions

O.S was the principal investigator and N.M. was the supervisor of the study.

Funding information

This research received no specific grant from any funding agency in the public, commercial or not-for-profit sectors.

Data availability

Data supporting the findings of this study are available from the corresponding author, N.M., on request. The authors confirm that the data supporting the findings of this study are available within the article (Figure 1; Tables 1, 2).

Disclaimer

The views and opinions expressed in this article are those of the authors and do not necessarily reflect the official policy or position of any affiliated agency of the authors.

References


	1. 	Sardanelli F. Trends in radiology and experimental research. Eur Radiol Exp. 2017 Dec;1(1):1. https://doi.org/10.1186/s41747-017-0006–5

	2. 	Smith-Bindman R, Miglioretti DL, Johnson E, et al. Use of diagnostic imaging studies and associated radiation exposure for patients enrolled in large integrated health care systems, 1996–2010. JAMA. 2012 Jun 13;307(22):2400–2409. https://doi.org/10.1001/jama.2012.5960

	3. 	Hamada N, Fujimichi Y. Classification of radiation effects for dose limitation purposes: History, current situation and future prospects. J Radiat Res. 2014 Jul;55(4):629–640. https://doi.org/10.1093/jrr/rru019

	4. 	Brenner DJ. What we know and what we don’t know about cancer risks associated with radiation doses from radiological imaging. Br J Radiol. 2014 Mar;87(1035):20130629. https://doi.org/10.1259/bjr.20130629

	5. 	Jaschke W, Schmuth M, Trianni A, Bartal G. Radiation-induced skin injuries to patients: What the interventional radiologist needs to know. Cardiovasc Intervent Radiol. 2017 May 11;40(8):1131–1140. https://doi.org/10.1007/s00270-017-1674-5

	6. 	Dauda AM, Ozoh JO, Towobola OA. Medical doctors’ awareness of radiation exposure in diagnostic radiology investigations in a South African academic institution. SA J Radiol. 2021 Apr 30;23(1):1707. https://doi.org/10.4102/sajr.v23i1.1707

	7. 	Lee RKL, Chu WCW, Graham CA, Rainer TH, Ahuja AT. Knowledge of radiation exposure in common radiological investigations: A comparison between radiologists and non-radiologists. Emerg Med J. 2012 Apr;29(4):306–308. https://doi.org/10.1136/emermed-2011-200481

	8. 	Rose A, Uebel KE, Rae WI. Interventionalists’ perceptions on a culture of radiation protection. SA J Radiol. 2018 Mar 19;22(1):1285. https://doi.org/10.4102/sajr.v22i1.1285

	9. 	Ramanathan S, Ryan J. Radiation awareness among radiology residents, technologists, fellows and staff: Where do we stand? Insights Imaging. 2015 Feb;6(1):133–139. https://doi.org/10.1007/s13244-014-0365-x

	10. 	Vano E, Miller D, Martin C, et al. ICRP publication 135: Diagnostic reference levels in medical imaging. Ann ICRP. 2017 Oct 1;46(1):1–144. https://doi.org/10.1177/0146645317717209

	11. 	Meyer S, Groenewald WA, Pitcher RD. Diagnostic reference levels in low-and middle-income countries: Early ‘ALARAm’ bells? Acta Radiol. 2017;58(4):442–448. https://doi.org/10.1177/0284185116658681

	12. 	Trauernicht C, Pitcher R. An audit of published South African diagnostic reference level data. J Radiol Prot. 2021;41(2):291. https://doi.org/10.1088/1361-6498/abfc98

	13. 	Malan L, Pitcher RD, Da Silva M, Breuninger S, Groenewald W. Diagnostic reference levels for fluoroscopically guided procedures in a South African tertiary hospital. Acta Radiol. 2021;62(6):807–814. https://doi.org/10.1177/0284185120938371

	14. 	Korir GK, Wambani JS, Yuko-Jowi CA, Korir IK, Tries M, Kidali MM. Establishing diagnostic reference levels for interventional procedures in Kenya. Radiography. 2014 May 1;20(2):148–152. https://doi.org/10.1016/j.radi.2013.10.007

	15. 	Miller DL, Balter S, Cole PE, et al. Radiation doses in interventional radiology procedures: The RAD-IR study part I: Overall measures of dose. J Vasc Intervent Radiol. 2003 Jun 1;14(6):711–727. https://doi.org/10.1097/01.RVI.0000079980.80153.4B

	16. 	Vaño E, Gonzalez L, Fernandez JM, Alfonso F, Macaya C. Occupational radiation doses in interventional cardiology: A 15-year follow-up. BJR. 2006 May 1;79(941):383–388. https://doi.org/10.1259/bjr/26829723

	17. 	Erskine BJ, Brady Z, Marshall EM. Local diagnostic reference levels for angiographic and fluoroscopic procedures: Australian practice. Australas Phys Eng Sci Med. 2014;37(1):75–82. https://doi.org/10.1007/s13246-014-0244-2

	18. 	Papanastasiou E, Protopsaltis A, Finitsis S, Hatzidakis A, Prassopoulos P, Siountas A. Institutional diagnostic reference levels and peak skin doses in selected diagnostic and therapeutic interventional radiology procedures. Phys Med. 2021;89:63–71. https://doi.org/10.1016/j.ejmp.2021.07.029

	19. 	Bor D, Sancak T, Toklu T, Olgar T, Ener S. Effects of radiologists’ skill and experience on patient doses in interventional examinations. Radiat Prot Dosimetry. 2008;129(1–3):32–35. https://doi.org/10.1093/rpd/ncn010

	20. 	Verdun FR, Aroua A, Trueb PR, Vock P, Valley JF. Diagnostic and interventional radiology: A strategy to introduce reference dose level taking into account the national practice. Radiat Prot Dosimetry. 2005;114(1–3):188–191. https://doi.org/10.1093/rpd/nch547

	21. 	Schegerer AA, Frija G, Paulo G, et al. Radiation dose and diagnostic reference levels for four interventional radiology proce dures: Results of the prospective European multicenter survey EUCLID. Eur Radiol. 2021;31(12):9346–9360. https://doi.org/10.1007/s00330-021-08029-y

	22. 	Bleeser F, Hoornaert MT, Smans K, et al. Diagnostic reference levels in angiography and interventional radiology: A Belgian multi-centre study. Radiat Prot Dosimetry. 2008;129(1–3):50–55. https://doi.org/10.1093/rpd/ncn028

	23. 	Metaxas VI, Messaris GA, Lekatou AN, Petsas TG, Panayiotakis GS. Patient dose in digital radiography utilising BMI classification. Radiat Prot Dosimetry. 2019;184(2):155–167. https://doi.org/10.1093/rpd/ncy194

	24. 	Miller DL, Kwon D, Bonavia GH. Reference levels for patient radiation doses in interventional radiology: Proposed initial values for U.S practice. Radiology. 2009;253(3):753–764. https://doi.org/10.1148/radiol.2533090354

	25. 	Cushman DM, Mattie R, Clements ND, McCormick ZL. The effect of body mass index on fluoroscopic time and radiation dose during intra-articular hip injections. PM R. 2016;8(9):876–882. https://doi.org/10.1016/j.pmrj.2016.01.011

	26. 	Rizk C, Farah J, Vanhavere F, Fares G. Diagnostic reference levels in interventional radiology suites in lebanon: A multicenter survey. Radiat Prot Dosimetry. 2019 Dec 31;187(1):50–60. https://doi.org/10.1093/rpd/ncz137

	27. 	Etard C, Bigand E, Salvat C, et al. Patient dose in interventional radiology: A multicentre study of the most frequent procedures in France. Eur Radiol. 2017;27(10):4281–4290. https://doi.org/10.1007/s00330-017-4780-5

	28. 	Ruiz-Cruces R, Vano E, Carrera-Magarino F, et al. Diagnostic reference levels and complexity indices in interventional radiology: A national programme. Eur Radiol. 2016;26(12):4268–4276. https://doi.org/10.1007/s00330-016-4334-2

	29. 	Heilmaier C, Zuber N, Berthold C, et al. Establishing local diagnostic reference levels in IR procedures with dose management software. J Vasc Interv Radiol. 2017;28(3):429–441. https://doi.org/10.1016/j.jvir.2016.10.006

	30. 	Zotova R, Vassileva J, Hristova J, et al. A national patient dose survey and setting of reference levels for interventional radiology in Bulgaria. Eur Radiol. 2012;22(6):1240–1249. https://doi.org/10.1007/s00330-012-2386-5



OPS/symbol.jpg
 — .\

\ U





OPS/SAJR-27-2559-F1.jpg
W 1. PTBD (26%) M 8. PICC (4%)

I 2. BAE (10%) M 9. PTBD intemalisation (4%)

1 3. Pigtail catheter (8%) W 10. UAE (3%)

11 4. Nephrostomy (unilateral) (7%) M 11. Unilateral antegrade ureteric stent (3%)
I 5. Nephrostomy (bilateral) (6%) W 12.PTC(3%)

M 6. Selective abdominal vessel 11 13. Intervention cerebral angiogram (3%)

interventional angiogram (4%)
M 7. Diagnostic cerebral angiogram (5%) [l 14. Other (14%)

5 4

PTBD, percutaneous transhepatic biliary drainage; BAE, bronchial artery embolisation; PICC,
peripherally inserted central catheter; UAE, uterine artery embolisation; PTC, percutaneous
transhepatic cholangiogram.

FIGURE 1: The total number of interventional radiology cases performed during
the study period was 564. The 13 most frequent procedures (each with 15 or
more cases) representing 86.1 % (n = 487) of all cases are reflected.
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TABLE 1: Dosimetry data for Chris Hani Baragwanath Academic Hospital.

Procedure Total Kerma air product (Gy/cm?) Reference point air kerma (mGy) Fluoroscopy time (min)

) Median  1GR 75th  75th:s0th  Median  IGR 75th  75this0th  Median  IQR 75th  75th:50th

percentile percentile percentile

Percutaneous transhepatic 146 11 19 2 22 64 1008 1318 21 33 4,5 6.2 18
biliary drainage (PTBD)
Bronchial artery 57 76 70 131 17 215 197 343 16 25 18,4 335 16
embolisation (BAE)
Pigtail insertion 44 35 65 75 21 19 31 37 19 11 1,8 24 21
Nephrostomy (unilateral) 42 2 8 10 5 20 28 2 18 17 2,6 3.4 21
Nephrostomy (bilateral) 37 55 7 10 18 3 4 62 19 36 3,6 63 18
Selective abdominal 26 38 6003 776 2 1208 1819,5 22278 18 17 17,2 283 14
vessels-interventional
angiogram
Diagnostic cerebral 26 1575 17,3 2093 13 5985 4208 8685 15 188 159 284 15
angiogram
PicC 25 1 1,0 2 2 2 4,0 5 25 18 3,2 4 22
PTBD internalisation 0 38 32,3 57 15 1815 1668 259 14 134 925 167 12
Uterine artery embolisation 18 6025 1071 14638 2.4 1339 3070,8 4019 3 123 17,6 248 2
(UAE)
Unilateral antegrade 6 14 17 23 16 m 9 1185 27 95 1,5 152 16
ureteric stent
Percutaneous transhepatic 15 6 6 9 15 21 205 285 14 0.4 0,4 07 18
cholangiogram (PTC)
Interventional cerebral 15 107 242 275 26 1502 87,5 1744 12 263 180 341 13
angiogram

IQR, interquartile range; PICC, peripherally inserted central catheter.
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TABLE 2a: Comparison with published data on kerma air product and diagnostic reference levels.

Procedure CHBAH, DRLrange Papanastassiou Schegerer Malan Rizk et al.”* Koir et al.** Etard  Ruiz-Cruces Heilmaier Erskine Zotovia
2022 etal.® etal®  etal® etal”  etal®  etal®  etal”  etal®

Country South Africa - Greece Europe SouthAfrica Lebanon  Kenya  France  Spain  Switzerland Australia  Bulgaria

Percutaneous 24 23-145 53.8 23 46 145 56 335 30 60.5 B 56

transhepatic biliary
drainage (PTBD)

Bronchial artery 131 73-1314 - - 73 - - 1314 - - = =
embolisation (BAE)

Pigtail insertion 75 N/A - - - B - = - . . .
Nephrostomy 10 10-47 - - 10 40 47 - - 126 108 -
(Unilateral)

Nephrostomy (Bilateral) 10 N/A B - 9 - - - = - - .
Selective abdominal 776 N/A - - 170 - = 5 - - - .
vessels-interventional

angiogram

Diagnostic cerebral 2093 55875 70.2 - 55 71 - 87.5 - - 826 -
angiogram

Peripherally inserted 2 N/A - - - - - 12 - E . 5
central catheter (PICC)

PTBD internalisation 57 N/A - - - - - - = - .
Uterine artery 1463.8  118.4-214 - - - - - 1744 214 1184 191 -
embolisation (UAE)

Unilateral antegrade 23 N/A - - - - - - B B . .
ureteric stent

Percutaneous 9 N/A 34.4 - - = = z 2 B . 5
transhepatic

cholangiogram (PTC)

Interventional cerebral 275 63-2334 B - 63 197 : 2335 B - 152.9 41
angiogram

Source: Adapted from Malan L, Pitcher RD, Da Silva M, Breuninger S, Groenewald W. Diagnostic reference levels for fluoroscopically guided procedures in a South African tertiary hospital. Acta
Radiol. 2021;62(6):807-814. https://doi.org/10.1177/0284185120938371

CHBAH, Chris Hani Baragwanath Academic Hospital; DRL, diagnostic reference level: N/A, not applicable.
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TABLE 2b: Comparison with published data on reference point air kerma and diagnostic reference levels.

Procedure CHBAH, DRLrange Papanastassiou Schegerer ~ Malan  Rizk  Koir  Etard Ruiz-Cruces Heilmaier Erskine  Zotovia
2022 etal.is etalt etal® etal® etal® etal?”  etal®  etal®  etal”  etal®

Country South Africa - Greece Europe  South Africa Lebanon Kenya  France Spain  Switzerland Australia  Bulgaria

Percutaneous transhepatic 138 195-1406 399.8 195 227 1406 320 253 - 580 320 -

biliary drainage (PTBD)

Bronchial artery 343 259-827 - - 259 - - 827 - - - -

embolisation (BAE)

Pigtail insertion 37 N/A - - - - : - - - - -

Nephrostomy (Unilateral) 26 63-412 - - 63 412 - - - 80 25 -

Nephrostomy (Bilateral) 62 N/A - - 56 - - - - - - -

Selective abdominal 2227.8 N/A - - 877 - - - - - - -

vessels-interventional

angiogram

Diagnostic cerebral 8685  289-628 494.0 - 289 59 B 628 : - - -

angiogram

Peripherally inserted central 5 1040 - - - - - 4 1 - - -

catheter (PICC)

PTBD internalisation 259 N/A - - - - - - - - - -

Uterine artery embolisation 4019 729-1240 - - - - - 729 168.9 1240 - -

(UAE)

Unilateral antegrade ureteric ~ 118.5 N/A - - - - - - - - - -

stent

Percutaneous transhepatic 285 N/A 194.0 - - - - - - - - -

cholangiogram (PTC)

Interventional cerebral 1744 505-2993.5 - - 505 2583 : 2993.5 - - - -

angiogram

Source: Adapted from Malan L, Pitcher RD, Da Silva M, Breuninger S, Groenewald W. Diagnostic reference levels for fluoroscopically guided procedures in a South African tertiary hospital. Acta
Radiol. 2021;62(6):807-814. https://doi.org/10.1177/0284185120938371

CHBAH, Chris Hani Baragwanath Academic Hospital; DRL, diagnostic reference level: N/A, not applicable.
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omparison with published data on fluoroscopy time and diagnostic reference levels.

CHBAH, DRLrange Papanastassiou Schegerer Malanetal.® Rizk Koir  Etard et al.”” Ruiz-Cruces Heilmaier Erskine Zotovia
2022 etal etal etal® etal etal® etal.® etal” etal®

Country South Africa - Greece Europe  SouthAfrica Lebanon Kenya  France Spain  Switzerland Australia  Bulgaria
Percutaneous 6.2 10-22.9 229 10 20 20 23 157 173 - - 122
transhepatic biliary
drainage (PTBD)
Bronchial artery 335 37.4-38 - - 38 - - 37.4 - - - -
embolisation (BAE)
Pigtail insertion 24 N/A - - - - - - - - - -
Nephrostomy 34 35-18 - - 4 11 18 - - - 35 -
(Unilateral)
Nephrostomy 63 N/A - - 4 - - - - - - -
(Bilateral)
Selective abdominal 283 N/A - - 29 - - - - - - -
vessels-interventional
angiogram
Diagnostic cerebral 284 8-10.3 92 - 14 8 - 103 - - 6.25 :
angiogram
Peripherally inserted 4 N/A - - - - - 1 - - - -
central catheter (PICC)
PTBD internalisation 16.7 N/A - - - - - - - - - B
Uterine artery 248 28.7-31 - - - - - 287 31 - - -
embolisation (UAE)
Unilateral antegrade 15.2 N/A - - - - - - - - - :
ureteric stent
Percutaneous 07 N/A 142 - - - - - - - - -
transhepatic
cholangiogram (PTC)
Interventional cerebral 341 9.2-32 - - 25 28 - 62.9 - - 32 92
angiogram

Source: Adapted from Malan L, Pitcher RD, Da Silva M, Breuninger S, Groenewald W. Diagnostic reference levels for fluoroscopically guided procedures in a South African tertiary hospital. Acta
Radiol. 2021;62(6):807-814. https://doi.org/10.1177/0284185120938371

CHBAH, Chris Hani Baragwanath Academic Hospital; DRL, diagnostic reference level: N/A, not applicable.
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