
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Radiation doses 

in interventional 

neuroradiology 

procedures 

 

 

 

 

Maria Clara Lago e Crasto 

Master degree in Medical Physics 

Department of Physics and Astronomy 

Faculty of Sciences, University of Porto (FCUP) 

2022 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Radiation doses 

in interventional 

neuroradiology 

procedures 

 

 

Maria Clara Lago e Crasto 

Master degree in Medical Physics 

Department of Physics and Astronomy 

Faculty of Sciences, University of Porto (FCUP) 

2022 

 

Supervisor  

Sandra Sarmento 

Medical Physics Expert 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Todas  as  correções  

determinadas  

pelo júri, e só essas, foram 

efetuadas. 

O Presidente do Júri, 

Porto, 

______/______/_________ 



I 
 

ACKNOWLEDGEMENTS 

 

First of all, I would like to thank Sandra Sarmento for guiding me throughout the details 

of this project, from decision making to statistical analysis. It is with an enormous 

gratefulness that I acknowledge her support, advice, and all the suggestions and 

revision. 

 

A special thanks to the Neuroradiology Department of Centro Universitário do Porto 

(CHUP), for allowing me to develop this work, and for answering my questions. 

 

I also want to thank my colleagues at work, in the Radiology Department of Centro 

Universitário do Porto, for all the support and help to see me succeed.  

 

Last but not least, my gratitude goes to my family, for their unconditional support, for 

understanding me, even when I spent more hours on the computer than enjoying their 

company. 

 

 

 

  



II 
 

ABSTRACT 

 

Radiation doses in interventional neuroradiology procedures is the topic chosen in this 

project, in other to analyse the radiation doses used in a reference centre of stroke 

treatment in its treatment of reference – endovascular thrombectomy. 

 

The Centro Hospitalar Universitário do Porto (CHUP) is a reference hospital for VVAVC 

(Via Verde do Acidente Vascular Cerebral) and, with the Centro Hospitalar e 

Universitário de São João (CHUSJ), have a twenty-four-seven on call schedule. 

Therefore, this is the ideal place to analyse the whole procedure, regarding strokes. 

 

These procedures are minimally invasive, but they are guided by fluoroscopy, and so 

they use ionizing radiation. Even though, the stroke could cost a life and its treatment 

has a thin timeline to be done, it is mandatory to assure that the quantities of radiation 

are always “as low as reasonably achievable consistent with obtaining the required 

medical information”. 

 

This project is a single centre retrospective study of n = 256 patients, and it reports an 

increase in radiation exposure during EST, depending on the number of thrombectomy 

attempts. In this study, it is possible to establish diagnostic reference levels per 

thrombectomy attempt, for EST with one to three or more thrombectomy attempts.  

 

The proposed local diagnostic reference levels (DRL) for Endovascular Thrombectomy 

are: 161.5 Gy cm2 for one thrombectomy attempt, 203.5 Gy cm2 for two thrombectomy 

attempts, and 387.0 Gy cm2 for three or more attempts. 

 

 

Keywords: ischaemic stroke, endovascular thrombectomy, diagnostic reference level, 

thrombectomy attempt, cerebral blood flow. 
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RESUMO 

 

Doses de radiação em procedimentos de neurorradiologia de intervenção foi o tema 

escolhido para este projeto, com o intuito de analisar as doses de radiação usadas num 

centro de referência no tratamento de Acidentes Vasculares Cerebrais (AVC), no seu 

tratamento de eleição – trombectomia mecânica endovascular. 

 

O Centro Hospitalar Universitário do Porto (CHUP) é um hospital de referência para a 

Via Verde AVC e, juntamente com o Centro Hospitalar e Universitário de São João, tem 

uma escala de ação diária, contínua. Desta feita, é o local ideal para proceder à análise 

de todo o processo, relativo a AVC. 

 

Estes procedimentos são minimamente invasivos, mas são guiados por fluoroscopia e, 

por conseguinte, usam radiação ionizante. Tendo em consideração que um AVC pode 

resultar, em casos extremos, na perda da vida e que o seu tratamento possui um limitado 

intervalo de tempo para execução, é imprescindível assegurar que a quantidade de 

radiação utilizada é sempre “tão baixa quanto possível, consistente com a aquisição da 

informação médica requerida”. 

 

Este projeto é um estudo retrospetivo de um único centro  com n = 256 pacientes, e nele 

observa-se um aumento na exposição de radiação, no decorrer dos procedimentos de  

trombectomia endovascular, dependendo do número de tentativas. Neste estudo, foi 

possível estabelecer propostas de níveis de referência de dose por tentativa de 

trombectomia, no caso de uma a três ou mais tentativas. 

 

Os níveis de referência de dose propostos, por trombectomia endovascular, foram: 

161.5 Gy cm2 para uma tentativa de trombectomia, 203.5 Gy cm2 para duas tentativas 

e 387.0 Gy cm2 para três ou mais tentativas. 

 

 

Palavras-chave: AVC isquémico, trombectomia endovascular, níveis de referência de 

dose, tentativa de trombectomia, fluxo sanguíneo cerebral. 
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I – INTRODUCTION 

 

Radiation doses in interventional neuroradiology procedures is the topic chosen in this 

project, in other to analyse the radiation doses used in a reference centre of stroke 

treatment in its treatment of reference – endovascular thrombectomy. 

 

A stroke could cost a life or leave a person with sequels. Its treatment has a thin timeline 

to be done and it is essential to regain quality of life. 

 

The cerebrovascular accident, or stroke, is a major cause of death, worldwide, and its 

diagnosis depends on brain imaging and clinical features. Therefore, non-contrast 

Computed Tomography (CT) is used to exclude haemorrhage and CT perfusion imaging 

and angiography gives a positive diagnosis of an acute ischemic stroke (AIS), excluding 

mimic symptoms, and identifies vessel occlusions target for endovascular 

thrombectomy. 1 

 

Stroke is characterized by the acute onset of a focal neurological deficit related to a 

change on the cerebral vascular system. Stroke is the third leading cause of death in the 

United States of America and there are approximately 500 000 new strokes each year. 2 

 

Wafa H.A., et al, in their article “Burden of Stroke in Europe”, say that stroke is the second 

cause of death and a leading cause of adult disability. It affects approximately 1.1 million 

inhabitants of Europe every year. 3 

 

In Portugal, the government defined rules for stroke emergency teams (VVAVC – Via 

Verde Acidente Vascular Cerebral) to guide and to reduce the time between symptoms 

and treatment, which can be seen in DR/Norma 015/2017 of 13/07/2017. According to 

Medical Emergency National Institute (INEM), VVAVC was activated 4263 times in 2019. 

4 

 

The last published data presented 3 456 strokes, in 2019, until October 27, of which 819 

were referred to hospitals of the district of Oporto. 5  

 

The Centro Hospitalar Universitário do Porto (CHUP) is a reference hospital for VVAVC 

and, with the Centro Hospitalar e Universitário de São João (CHUSJ), have a twenty-
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four-seven on call schedule. Therefore, this is the ideal place to analyse the whole 

procedure, regarding strokes. 

 

The endovascular thrombectomy is a complex technique, performed by a 

multidisciplinary team, including an experienced Interventional Neuroradiologist, and it 

will be explained in chapter II. 

 

These procedures are minimally invasive, but they are guided by fluoroscopy, and so 

they use ionizing radiation. As previously mentioned, even though, the stroke could cost 

a life and its treatment has a thin timeline to be done, it is mandatory to assure that the 

quantities of radiation are always “as low as reasonably achievable consistent with 

obtaining the required medical information” (optimization principle: article 6th of the 

DL108/2018). 

 

This project was made as a final project of master’s degree on Medical Physics of the 

Faculty of Sciences, Oporto University, Portugal. It is organised by different chapters and 

sections, including an introduction to the cerebral vasculature, a description of strokes – 

what it is, how it occurs, which kind of strokes exist, where can they happen and what is 

the treatment – which medical scales add information to the decision making 

professionals, a detailed description of endovascular thrombectomy – procedure, 

complications and treatment score – a chapter for radiation awareness and controlling 

dose, an explanation of dose quantities, and a detailed description of the diagnostic 

reference level, especially in interventional procedures, an explanation of the study, its 

methods, values, and results, an overall discussion and, finally, a study conclusion. 

 

During this project, it is expected to understand the endovascular stroke treatment, how 

it is done and why. As a next step, a quantification of the radiation exposure (RE) per 

thrombectomy attempt will be made, based on research in a national reference centre, 

and followed by a comparison of results with reports found in literature. At last, it will be 

tried to establish local Diagnostic Reference Levels (DRLs) for interventional 

neuroradiology procedures and to determine causes for those associated with higher 

RE. 

 

Prior to 2015, the standard of care for emergency treatment of ischemic stroke was 

thrombolysis with intravenous tissue plasminogen activator (IV-tPA). Many studies 

published results of stroke study groups which showed that patients who were given 
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intravenous thrombolysis (IVT) within three hours from symptom onset were 30% more 

likely to have minimal or no disability at three months. After that, the therapeutic window 

was further extended to 4.5 hours in selected patients. However, the efficiency of IV-tPA 

in patients with large vessel occlusion, including the proximal M1 and carotid terminus 

was modest, with recanalization rates of only 4-30%. 

 

After the publication of five randomized clinical studies in 2015 showing positive results, 

endovascular thrombectomy (ET) has become standard of care for treatment of AIS. The 

results of early trials in ET for AIS were disappointing, but with evolution of endovascular 

devices, patient selection, and shorter transfer times, there was clear-cut evidence 

showing benefits for ET. 

 

As referred previously, acute ischemic stroke is an ensemble of pathologies leading to 

decreased cerebral blood flow and neuronal death associated with a myriad of clinical 

and radiological presentations. In the last decade, the selection criteria for ET rapidly 

evolved, by the conclusions learnt from multiple clinical trials.  

 

In 2015, the five Randomized Clinical Trials (RCTs) published showed an 

overwhelmingly positive treatment effect in the endovascular therapy, and they are 

presented in the table above (Table 1). Their conclusion is that endovascular therapy 

should be considered in all eligible patients with large vessel occlusion within six hours, 

and in selected  patients with significant penumbra and a small core on perfusion imaging 

from six to 24 hours. In addition, there seems to be a benefit of thrombectomy in patients 

with low NIHSS (<10) and a large vessel occlusion, though superiority is not yet clearly 

established. Finally, based on current data, it appears to be beneficial to consider 

angioplasty and stenting of proximal carotid stenosis during thrombectomy, but clinical 

utility is, as well, not yet established. 6 
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Table 1 – The five most important published trials on endovascular therapy in stroke, 2015. 6 

 MR CLEAN ESCAPE EXTEND IA SWIFT PRIME REVASCAT 

Continent Europe 
Europe 

North America 
East Asia 

Australia/New 
Zealand 

Europe and North 
America 

Europe 

Country Netherlands Multiple Two Multiple Spain 

Number of 
Participants 

502 316 70 196 206 

Imaging 
modality 

Non-
contrast 
CT/CTA 

Non-contrast 
CT/CTA 

Non-contrast 
CT/CTA/CT 

perfusion 

Non-contrast 
CT/CTA/CT 

perfusion 

Non-contrast 
CT/CTA 

Imaging 
criteria for 

core 
N/A 

ASPECTS 
6-10, good 
collaterals 

CT perfusion 
mismatch 

and ischemic 
core <70ml 

CT perfusion or DWI 
(1st 72 patients) 

therefore CT or MRI 
ASPECTS 6-10 

ASPECTS 6-
10 

Clinical criteria 

Age (years) >18 >18 >18 18-80 
18-80 (81-85 if 
ASPECTS >8) 

Baseline 
stroke 

severity 
N/A NIHSS ≥ 6 N/A NIHSS 8-29 NIHSS ≥ 6 

Cut-off for 
ET (hours) 

≤ 6 ≤ 12 ≤ 6 ≤ 6 ≤ 8 

Type of 
device 

Any Any Solitaire Solitaire Solitaire 

 

 

I.I. THE CEREBRAL VASCULATURE 

 

The brain weight is over 2% of the body’s total weight and it receives nearly 20% of the 

cardiac output. The blood flow is tightly regulated at the arterial level to maintain an 

average cerebral blood flow (CBF) of 50mL/100g/min. 

 

Smooth muscle cells within the cerebral vessels vasoconstrict or vasodilate in response 

to wall stress and shear to maintain a constant blood flow of a wide range of blood 

pressures. 

 

The blood supply to the brain is derived from two paired vessels: the internal carotid and 

the vertebral arteries. 

 

The anterior circulation is supplied by the two internal carotid arteries (ICAs). The 

extracranial ICA is divided into two segments: the most proximal portion of the ICA is 

dilated, the carotid bulb, and the remaining distal portion that ascends through the neck 

to the skull without branching. This fact distinguishes the extracranial ICA from the 
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external carotid artery, which has numerous branches to the face and neck. The ICA 

enters the skull base at the carotid canal, traverses the petrous portion of the temporal 

bone, through the cavernous sinus, to enter the subarachnoid space at the base of the 

brain. The ICA can be divided into cervical, petrous, cavernous, and cerebral parts. 

 

 

Figure 1 – Angiogram of a left ICA injection, from the PACS archive, CHUP. (Left) Frontal view display the MCA/ACA 
origins and major branches. (Right) Lateral view displays the major division of the ICA. 

 

After exiting the cavernous sinus, the supraclinoid ICA gives rise to its first intradural 

branch, the ophthalmic artery. The ICA then proceeds superiorly adjacent to the optic 

chiasm and bifurcates into its terminal branches, the middle and anterior cerebral 

arteries. Meanwhile, before bifurcating, it gives rise to two smaller branches, the posterior 

communicating artery (PCoA) and the anterior choroidal artery (AChA). The PCoA 

courses posteriorly, superior to the oculomotor nerve, and joins the posterior cerebral 

artery, thus creating an anastomosis between the anterior and posterior circulation. 

 

The anterior cerebral artery (ACA) runs medially, superior to the optic nerve, and enters 

the longitudinal fissure, where, posteriorly, it arches, following the corpus callosum, to 

supply the medial aspects of the frontal and parietal lobes. 

 

The anterior communicating artery (ACoA) connects the proximal ACAs, near their 

entrance into the longitudinal fissure. 

 

The middle cerebral artery (MCA) starts at the ICA bifurcation and courses into the 

Sylvian fissure. The MCA is subdivided into four segments. The first segment, M1, 

contains the bifurcation and ends at the entrance to the Sylvian fissure. This segment 
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gives rise to the anterior temporal and lateral lenticulostriate arteries supplying the basal 

ganglia and internal capsule. Inside the Sylvian fissure, the M2, or insular, segment 

ramifies into six to ten branches that course adjacent to the insula. The M3, or opercular, 

segment begins at the superior portion of the circular sulcus of the insula and ends as 

the MCA exits the Sylvian fissure to course along the cortical surface. The M3 vessels 

ramify and form the end arteries of the M4, or cortical, segment, that supply much of the 

lateral surface of the frontal, parietal, and temporal lobes. 

 

 

Figure 2 – Vascular territories of the cerebral arteries. 2 

 

The posterior circulation represents the network of the two vertebral arteries (VAs) and 

the basilar artery (BA). The paired VAs then merges at the junction of the medulla and 

pons to form the midline BA, which progresses along the anterior surface of the pons. 

 

Each VA gives rise to three branches: the posterior spinal, anterior spinal, and posterior 

inferior cerebellar artery (PICA). 

 

BA runs rostrally, from its origin at the pontomedullary junction, and, at the level of the 

midbrain, bifurcates into the two posterior cerebral arteries (PCAs). Before this 

bifurcation, it creates numerous pontine perforating branches, the labyrinthine arteries, 

and two paired vessels: the anterior inferior cerebellar artery (AICA) and the superior 

cerebellar artery (SCA). The AICA arises just distal to the basilar origin and supplies the 

anterolateral cerebellum, the pons, and rostral medulla. The SCA arises proximal to the 

basilar bifurcation, courses inferior to the oculomotor nerve, and supplies the superior 

cerebellum, its deep nuclei, and much of the caudal midbrain. 
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In addition, the proximal PCA gives rise to the posterior communicating artery, 

connecting the anterior and the posterior cerebral circulation. The cortical PCA branches 

include the anterior temporal, posterior temporal, lateral occipital, and medial occipital 

arteries. These are the branches that spread out to supply the medial and inferior 

surfaces of the temporal and occipital lobes. The PCAs are responsible for the irrigation 

of areas that serve vision, visual memory, and eye motility. 

 

 

Figure 3 – Angiograms after left vertebral artery injection, from de PACS archive of CHUP. (Left) Frontal view shows 
left VA, BA, and PCA. (Right) Lateral view reveals PICA. 

 

The connection of the two halves of the anterior circulation with the posterior circulation 

is made by a polygonal arcade denominated the circle of Willis. 2 

 

 

I.II. STROKE 

 

Stroke is characterized by the acute onset of a focal neurological deficit related to a 

change on the cerebral vascular system. Stroke is the third leading cause of death in the 

United States of America and there are approximately 500 000 new strokes each year. 2 
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Wafa H.A., et al, in their article “Burden of Stroke in Europe”, say that stroke is the second 

cause of death and a leading cause of adult disability. It affects approximately 1.1 million 

inhabitants of Europe every year. 3 

 

In Portugal, the last published data presented 3 456 strokes, in 2019, until October 27, 

of which 819 were referred to hospitals of the district of Oporto. 5  

 

There are a lot of patients that require long-term medical or rehabilitative care and have 

significant functional impairment, therefore adding to the socioeconomic impact of 

stroke. The risk factors for developing a stroke include hypertension, hyperlipidaemia, 

diabetes, cardiac disease, vascular disease, and smoking. 

 

Stroke may be classified into ischemic or haemorrhagic subtypes. Ischemic strokes may 

be focal, if affects discrete regions, or global, when affects much of the forebrain with 

predilection for watershed regions between major vessels. This subtype of stroke may 

occur secondary to an embolic or thrombotic phenomenon. Global ischemia usually 

results from systemic hypoperfusion as seen with cardiac arrest. Haemorrhagic stroke 

may be due to subarachnoid haemorrhage (SAH) or intracerebral haemorrhage (ICH). 2 

 

 

I.II.I – ISCHEMIC STROKE 

 

As said previously, ischemic strokes result from a critical reduction of regional cerebral 

blood flow, lasting more than a critical duration and are caused by atherothrombotic 

changes of the arteries supplying the brain or by emboli from sources in the heart, the 

aorta or other large arteries, or intracranial small-vessel disease. 

 

The pathological substrate of ischemic stroke is ischemic infarction of brain tissue, the 

location, extension, and shape of which depend on the size of the occluded vessel, the 

mechanism of arterial obstruction, and the compensatory capacity of the vascular bed. 

Occlusion of arteries supplying defined brain territories by embolization or 

atherothrombosis lead to territorial infarcts of variable size: they can be large or small, if 

branches of large arteries are occluded or if compensatory collateral perfusion is efficient 

in the reduction of the area of critically reduced flow. 
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In a smaller number of cases, infarcts can develop, as well, at the borderzones between 

vascular territories. Borderzones infarctions are a subtype of the low-flow or 

hemodynamically induced infarctions, which are the consequence of critically reduced 

cerebral perfusion pressure in far-downstream brain arteries.  

 

Lacunar infarcts reflect disease of the vessels penetrating the brain to supply the 

capsule, the basal ganglia, thalamus, and paramedian regions of the brainstem. 

Frequently, they are caused by lipohyalinosis, or fibrinoid necrosis, of deep arteries, or 

small-vessel disease. Less often, causes are stenosis of the MCA stem and 

microembolization to penetrant arterial territories. 

 

The classic lacunar syndromes include pure sensory, pure motor, and sensorimotor 

syndromes, occasionally ataxic hemiparesis, clumsy hand, dysarthria, and 

hemichorea/hemiballism, but higher cerebral functions are not involved. A new 

classification of stroke subtypes is mainly oriented on the most probable cause of stroke: 

small-vessel disease, cardiac source, or other cause. 

 

On the other hand, haemorrhagic infarctions are defined as ischemic infarcts in which 

varying amounts of blood cells are found within the necrotic tissue. The amount can 

range from a few petechial bleeds in the gray matter of cortex and basal ganglia to large 

haemorrhages involving the cortical and deep hemispheric regions. The haemorrhagic 

transformation usually appears during the second and third phases of infarct evolution, 

when macrophages appear and new vessels are formed in tissue consisting of neuronal 

ghosts and proliferating astrocytes. 7 

 

Cell injuries can be reversible, depending on the amount of time spent without viable 

blood flow and oxygen, and three distinct patterns of stroke have been defined. First, 

there is the transient ischemic attack (TIA), a transient focal neurological deficit that lasts 

less than 24 hours. However, it usually resolves between ten minutes and four hours. 

The second one is the reversible ischemic neurological defect (RIND), which is defined 

as a focal neurologic deficit that lasts more than 24 hours and is completely resolved 

within a week. The third pattern of ischemia is the cerebrovascular accident (CVA), 

characterized by a permanent focal neurologic deficit that may improve over time to a 

limited extent. 
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I.II.II – EMBOLIC CVA 

 

One common cause of stroke is the distal embolization of an atherosclerotic plaque 

within the carotid artery. During the development of a human being, a collection of lipid-

laden cells, called fatty streak, can be found in the aorta. Over time, and adding the risk 

factors previously mentioned, a central core of lipids and cell debris becomes surrounded 

by a fibrous cap of thickened intima and medial smooth muscle cells. Ultimately, the 

plaque may ulcerate and embolize to the intracranial circulation. 

 

 

Figure 4 – Image from the PACS archive of CHUP, a stenosis of the carotid artery: angiogram of the left common artery 
with bifurcation into internal and external branches. 

 

 

I.II.III – THROMBOTIC CVA 

 

As previously explained, thrombosis may affect both small and large vessels. A 

thrombosis of large vessels can occur extracranially (e.g., carotid artery occlusion) or 

intracranially (e.g., MCA occlusion), with resulting systems predictable based on the 

region served by the affected vessel. Meanwhile, a disruption of small arteries originates 

lacunar infarctions, which may affect deep brain structures. 
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I.II.IV – GLOBAL ISCHEMIC CVA 

 

This is a massive damage, caused by systemic hypoperfusion, as seen during prolonged 

cardiac arrest, that results in diffuse forebrain injury not referable to a discrete vascular 

territory. The damage is most evident in watershed regions between neighbouring 

vascular territories (e.g., between the MCA and ACA territories). 

 

 

I.III – STROKE SYNDROMES 

 

There are specific clinical stroke syndromes caused by ischemia involving individual 

vascular territories. The signs and symptoms that characterize each stroke syndrome 

may predict the specific vessel that is affected. 

 

Table 2 - Stroke Syndromes caused by ischemia involving vascular territories, its signs and symptoms. 

VASCULAR 

TERRITORIES 

SIGNS 

AND 

SYMPTOMS 

Superior division 
of the MCA 

 
Contralateral hemiparesis of the hand, face, and arm with current sensory 
deficit. 
If dominant cerebral hemisphere is involved, expressive aphasia may occur. 
 

Inferior division 
of the MCA 

 
Contralateral homonymous hemianopia, associated with astereognosis, 
and collateral hemineglect with receptive aphasia, if dominant hemisphere 
is involved. 
 

ACA 

 
Less common. 
Results in contralateral hemiparesis and hemisensory deficit of the leg. 
If the ACA infarct is bilateral, it can cause incontinence secondary to the 
inability to inhibit reflex bladder contractions. 
 

PCA 
and 

Vertebrobasilar 
System 

 
Causes neurogenic deficits related to the functions of the occipital and 
medial temporal lobes, cerebellum, and brain stem. 
If the dominant hemisphere is involved, it results in anomic aphasia 
(difficulty naming objects), alexia without agraphia (inability to read without 
impairment of writing), and visual agnosia (inability to recognize objects 
placed on ipsilateral visual field). 
In case of bilateral occlusion, it can result in cortical blindness and memory 
impairment. 
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Cortical 
infarctions 

 
Small lesions but can cause widespread clinical symptoms because of the 
proximity to deep brain pathways. 
Affects the contralateral face, arm, and leg. 
 

Internal Capsule 
and 

Thalamus 

 
Usually causes either a pure motor or a pure sensory deficit of the 
contralateral face, arm, and leg, respectively. 
 

Brain stem 

 
Produces an ataxic hemiparesis characterized by contralateral hemiparesis 
with cerebellar ataxia of the affected limbs. 
 

Midbrain 

 
Results in an ipsilateral oculomotor nerve palsy with contralateral 
hemiparesis, usually known as Weber’s syndrome. 
 

Basilar Artery 

 
Causes neurological deficits referable to dysfunction of the pons and 
midbrain. 
 

Pons 

 
Patients may have hemi- or quadriplegia and constricted pupils, and they 
will usually be comatose. 
Selective involvement of the dorsal pons would cause additional symptoms 
of eye bobbing and vertical nystagmus. 
An infarction of the vertical pons results in the locked-in syndrome, 
characterized by quadriplegia with intact consciousness. 
 

Posterior inferior 
Cerebellar Artery 

 
Results in the lateral medullary syndrome in which a huge amount of 
ipsilateral and contralateral symptoms may occur in various combinations. 
Ipsilateral symptoms include facial numbness, limb ataxia, Horner’s 
syndrome, hoarseness, and dysphagia. 
The contralateral body experiences decreased pain and temperature 
sensation in the arm, trunk, and leg. 
 

 

 

I.IV – TREATMENT 

 

I.IV.I – PREVENTION 

 

The treatment of the risk factors includes reduction of blood pressure and cholesterol, 

control of blood sugar, and cessation of smoking. After a plaque rupture and thrombosis 

lead to embolism, antiplatelet drugs, as aspirin, ticlopidine, and clopidogrel, alone or in 

combination, have shown to significantly reduce the rate of stroke. 
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Additionally, carotid endarterectomy, the surgical removal of an atherosclerotic plaque 

from the carotid artery, has been shown to reduce the incidence of stroke in selected 

patients. 

 

Finally, the advances in catheter-based technology have made angioplasty of the carotid 

artery with or without stent placement an option for the patients who are unwilling or 

unable to undergo carotid endarterectomy.2 

 

 

I.IV.II – ACUTE MANAGEMENT 

 

Once a stroke occurs, the immediate treatment goal is to restore blood flow to the brain. 

Therefore, thrombolytic agents such as recombinant tissue plasminogen activator have 

been used to restore blood flow. Thrombolysis has been shown to improve neurologic 

outcome in patients with stroke if given within 4.5 hours after the onset of symptoms. 

However, the risk of intracranial bleeding increases, thus limiting thrombolysis to patients 

without conditions predisposed to haemorrhage. 

 

Tests to locate the source of emboli are performed, such as echocardiography, carotid 

ultrasound, non-contrast CT, CT angiography (CTA), and advanced CT perfusion 

imaging with standardized postprocessing techniques (CTP). After that, a mechanical 

thrombectomy may be considered. 

 

It is critically important that stroke centres have well-designed imaging protocols for acute 

stroke patients that are automatically triggered either on arrival or upon notification of 

patient transport. It is mandatory that the patient flows almost directly from the 

ambulance to the CT scanner, to improve time to treatment. 

 

The imaging protocol should include a non-contrast CT, a CTP, and a CTA. 

Nevertheless, the decision to CTP and CTA depends on time from symptoms onset and 

eligibility for endovascular stroke treatment (EST). However, a standardized approach 

that includes all three acquisitions may add little time, radiation exposure, or contrast 

dose, and the benefits would outweigh the risks. This line of thinking tries to streamline 

imaging and eliminate variability, as CTA is necessary, and CTP is often required when 

patients are eligible to EST (see Figure 5). 
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I.V – CT IMAGING PROTOCOL 

 

The patient should arrive at the CT scanner as soon as he enters the stroke centre. A 

large bore needle of 18 gauge should be ensured intravenously. A non-contrast head CT 

should be obtained to evaluate the presence of a haemorrhagic stroke or a non-acute 

non-haemorrhagic stroke. Meanwhile, a low-dose CTP acquisition, which allows 

reconstruction of a circle of Willis CTA, should be done. However, some centres have a 

different protocol, they include a CTA of the supra-aortic vessels that allows the 

screening for carotid artery stenosis and providing guidance for thrombectomy´s 

approach. The disadvantage is more radiation, contrast dye, and time. 

 

A key for treatment decisions is the extent of early ischemic changes. If the entire territory 

at risk is viably infarcted by CT, there is no good reason to treat with intravenous 

medication or EST. Historically, the initial trials used a greater than one third of MCA 

territory as a subjective and relative exclusion criterion. Many of the pivotal 0-6-hour 

window EST trials used the ASPECTS (Alberta Stroke Program Early CT Score) to make 

this exclusion more objective. 6 

 

 

I.VI – ASPECTS – ALBERTA STROKE PROGRAM 

EARLY CT SCORE 

 

The ASPECTS is a quantitative score to measure the extent of early ischemic changes 

in anterior circulation acute ischemic stroke. The territory of the middle cerebral artery is 

divided in ten regions (see Figure 6). Points are subtracted for areas with early ischemic 

signs, such as focal swelling or parenchymal hypoattenuation. 

 

Originally, this score was designed to help identify patients who were likely to 

demonstrate the most clinical benefit from intravenous thrombolysis. This score was, 

later, applied in imaging selection for endovascular therapies to identify patients with 

biggest extent of ischemic damage, in which recanalization would be unsuccessful or 

harmful. More recently, ASPECTS has been established as a key selection criteria in the 

updated American Heart Association guidelines on the management of acute stroke, 

where is recommended endovascular therapy in patients with ASPECTS ≥ 6.8  
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Figure 5 – Example of images of CTP showing a small region of infarct-like pattern in the left lentiform, with a large 
penumbra involving the remainder of the left MCA vascular distribution. 6 

 

 

Figure 6 – Example of ASPECTS distribution on a brain CT scan, with Hounsfield unit (HU) values calculated between 
the two hemispheres. Ten ASPECTS regions are outlined manually. HU values representing each individual region are 
shown at the bottom. Solid lines label the affected hemisphere and dotted lines label contralateral hemisphere 
(control).  8 

 

In fact, there is a lot of development in ASPECTS reading such as programs of fast 

reading and image analysers, using Artificial Intelligence. 
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I.VII – NATIONAL INSTITUTES OF HEALTH STROKE 

SCALE - NIHSS 

 

The National Institutes of Health Stroke Scale (NIHSS) is a systematic assessment tool 

created to provide a quantitative measurement of the stroke-related neurological deficit. 

Its first design was to be a tool to measure baseline data on patients in acute stroke 

clinical trials. Nowadays, this scale is widely used as a clinical assessment tool to 

evaluate stroke patients, determine appropriate treatment, and predict outcome. 

 

The scale was designed to be a simple, valid, and reliable tool administered at the 

bedside consistently by physicians, nurses, or therapists. NIHSS is a 15-item impairment 

scale to assess level of consciousness, extraocular movements, visual fields, facial 

muscle function, extremity strength, sensory function, coordination (ataxia), language 

(aphasia), speech (dysarthria), and hemi-inattention (neglect).9 

 

In Portugal, this scale was adapted as NIHSS International Initiative, in 2008, by the 

Faculty of Medicine of University of Oporto. 10 

 

 

I.VIII – MODIFIED RANKIN SCALE (MRS) 

 

The modified Rankin scale (MRS) is a system-based evaluation of the patient. It is used 

to measure the degree of neurological disability from a prior stroke in a patient that is 

being considered for a neuroradiology procedure. 

 

This is a 7-level scale, starting on 0, no symptoms, till 6, death, and it is the most widely 

employed outcome scale in acute stroke trials. This scale can be used to identify patients 

who may benefit from endovascular thrombectomy for a large vessel occlusion causing 

a new stroke. 11 
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Table 3 – Modified Rankin Scale (mRS) 11 

Modified Rankin Scale (mRS) 

0 No symptoms. No symptoms. 

1 
No significant 

disability. 
Despite symptoms, able to perform all usual duties 

and activities. 

2 Slight disability. 
Unable to perform all previous activities but able to 

look after own affairs without assistance. 

3 Moderate disability. 
Requires some help, but able to walk without 

assistance. 

4 
Moderate severe 

disability. 
Unable to walk without assistance and unable to deal 

with own bodily needs without assistance. 

5 Severe disability. 
Bedridden, incontinent, and requires constant nursing 

care and attention. 

6 Death. Death. 
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II – ENDOVASCULAR THROMBECTOMY 

 

Thrombectomy and its efficiency in acute ischemic stroke have been studied since 2005. 

However, as referred previously, only in 2015 its results showed improved clinical 

outcome in patients with acute stroke due to large vessel occlusion undergoing 

thrombectomy compared to conservative treatment alone. Consequently, endovascular 

clot retrieval has become the standard of care for large vessel occlusions involving the 

anterior circulation. 

 

The contraindications for ET are defined by the CT images and the ranking scales 

established in each country. There is no indication for ET if an intracranial haemorrhage 

is shown on initial non-contrast CT. On the other hand, as a large infarct core with no 

significant penumbra appears, there would be no salvageable brain, and no indication 

for ET. Additionally, various patient factors that previously exist, as pre-morbid functional 

status or advanced directives, make ET inadequate because there would not be a 

positive outcome.12 

 

To perform this procedure, there needs to be stent retrievers, aspiration devices, balloon 

guided catheters, microcatheters, introduction kits, stents, a fluoroscopy equipment (C-

arm or equivalent), and all the material that usually exists in an interventional radiology 

examination room. In addition, human resources are needed: Interventional 

Neuroradiologist, Anaesthetist, Interventional Radiology Technologist and Nurse. 

 

The next figure presents an ET procedure, showing a right femoral puncture, the 

sterilized places, the material to perform the treatment, and all the equipment needed 

and prepared, placed near the point of entrance for immediate access. The biplanar arch 

is placed in close proximity to the head of the patient, to show the neurointerventionalists 

where they are working.  
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Figure 7 – Example of the procedure of an ET in the comprehensive stroke centre, in CHUP: patient positioning and 
puncture. 

 

After the positive randomized trials, the SolitaireTM FR stent retriever device became the 

benchmark for mechanical thrombectomy. However, a safe and fast recanalization and 

reperfusion of the brain is the key factor, rather than any specific devices or technique. 

13 

 

During the ET, it is important to avoid excessively high blood pressure, to reduce the risk 

of secondary haemorrhage. In the acute post-thrombectomy period a target BP <185/110 

mmHg is recommended. In fact, if a critical carotid stenosis (tandem legion) has been 

treated, the blood pressure control must be more aggressive, to avoid the possibility of 

cerebral hyper perfusion as well as haemorrhage. 

 

The puncture site usually is the femoral artery. However, there is an increased move 

towards radial artery access due to lower complication rates or anatomical variabilities 

of the aortic arch, such as a bovine configuration. Groin site neurovascular observations 

and bed rest are required after the procedure, as usual.  

 

Shortly after clot retrieval, anticoagulation may need to be restarted, like antiplatelet 

agents for stenting or anticoagulation for atrial fibrillation. This timing depends on case-

by-case balance, and weight the risk of thromboembolic complications from delaying 

anticoagulation and the increased risk of cerebral haemorrhage. 12 
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Studies show the overall complication rate is about 15%, and it includes formation of 

pseudoaneurysms (femoral aneurysms, too), or new occlusions of nearby small vessels. 

13 

 

 

II.I – ET PROCEDURE 

 

Usually, after the femoral arterial puncture, a large guide catheter (8 Fr) is navigated into 

the internal carotid artery, within which are an intermediate (5-6 Fr) catheter (that goes 

to the circle of Willis) and a microcatheter, which must be navigated through, over a 

microguidewire, to the clot. 

 

 

Figure 8 – Example of a catheter placed in the  left MCA, from the PACS archive of CHUP. 

 

There are three techniques usually performed to remove the clot, depending on where 

the clot is placed. If the clot occluded the proximal M1, the common approach is 

aspiration. As the clot travels through the vessel, if its position is in M2 or far away, 

generally a stent retriever is used. The third option is a combination of both aspiration 

and stent retriever.  

 

When the second option is chosen, the microwire is removed to allow the stent retriever 

to slide through the microcatheter to emerge inside the clot, where it opens like a stent 
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and remains attached to its pusher wire. Once it is integrated with the clot, the device is 

pulled back into the intermediate catheter, on which suction is simultaneously applied.  

 

Additionally, a balloon guide, creating a cuff around the guide catheter, may be used to 

stop forward flow and reduce the chance of embolising fragments of the clot distally or 

into another territory. However, when a balloon guide is used, the intermediate catheter 

may be omitted. 

 

Another approach is the attempt to aspirate the clot directly into the intermediate 

catheter, with the use of large lumen catheters that can safely be navigated into the M1 

segment of the MCA and beyond. In this case, it is important to choose a catheter with 

a lumen approaching the size of the vessel where the clot is lodged, to allow the entire 

clot to be suctioned. Otherwise, a stent retriever may be deployed through the initial 

system to remove the rest. 

 

Tandem occlusions of cervical internal carotid artery and intracranial vessels and fixed 

intracranial stenosis, which can limit endovascular access, and tortuous and ecstatic 

large vessels, with redundant cervical carotid loops or “unfolded” aortic arch, are usual 

challenges to the Interventional Neuroradiologist. 

 

As previously mentioned, the primary access point is the common femoral artery. 

However, the radial or brachial access is an alternative for those with aorto-ilio-femoral 

disease. The direct carotid approach has also been proposed but, due to safety 

concerns, remains unpopular. 

 

In case of a tandem occlusion secondary to carotid disease in the neck, the 

interventionist must decide which lesion to treat first and whether to deploy a carotid 

stent or just do angioplasty of the stenotic lesions. There is no evidence or guideline to 

direct this decision, yet. The same situation happens with fixed intracranial stenosis, 

when the clot has been removed revealing a tight stenotic plaque, the choice is between 

angioplasty and stenting. The fact is that in both circumstances, there is a need to 

maintain dual antiplatelet blockade as a stent is left in situ, which might exacerbate any 

haemorrhagic complications after stroke. 

 

A review of 32 studies included 1107 patients with ICA occlusions found acute stenting 

of occlusions of the extracranial internal carotid artery resulted in a higher recanalization 
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rate (87% vs 48%, p=0.001) and better outcomes (68% vs 15%, p<0.001) as well as 

lower mortality (18% vs 41%, p=0.048) when compared with intra-arterial thrombolysis. 

 

More recent cohort studies refer that tandem stenosis/occlusion of the internal 

carotid/middle cerebral arteries can be treated by acute stenting of the extracranial 

internal carotid and stent retriever mechanical thrombectomy in the middle cerebral 

artery with good outcome. Nevertheless, the safety profile and benefits of this approach 

needs further research. 13  

 

 

II.II – ET COMPLICATIONS 

 

ET complications can result from vascular access, device-related injuries, and the use 

of radiological contrast media. 

 

The most common complications include vessel perforation, symptomatic intracranial 

haemorrhage, subarachnoid haemorrhage, arterial dissection, emboli to new territories, 

vasospasm, and vascular access site complications. 

 

Stent retriever detachment is an uncommon complication (2%-3% with first generation 

SolitaireTM FR device, but significantly much lower with the last versions). 

 

The golden point strategy to minimise complications is for thrombectomy to be performed 

in high-volume centres by trained physicians competent in intracranial endovascular 

procedures and undertaking them regularly to maintain skills, as recommended by 

various multidisciplinary guidelines. 

 

It is also recommended that mechanical thrombectomy should be performed by a 

multidisciplinary team operating within comprehensive stroke centres with adequate 

neurointerventional procedural volumes (higher than 200 per year), of which a 

reasonable proportion are mechanical thrombectomy and undertaking regular 

assessment of technical and clinical result, process times and complications. 13 
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II.III – MODIFIED TREATMENT IN CEREBRAL 

INFARCTION (mTICI) SCORE 

 

The thrombolysis in cerebral infarction (TICI) grading system was described by 

Higashida et al., in 2003, to measure the response of thrombolytic therapy for ischemic 

stroke. 

 

From the previous scale, in 2013, the modified treatment in cerebral infarction score was 

developed by a consensus group. 

 

mTICI classification has five degrees from 0 to 3. The first one is grade 0 that stages no 

perfusion. The second is grade 1 that shows antegrade reperfusion past the initial 

occlusion but limited distal branch filling with little or slow distal reperfusion. The next two 

steps correspond to grade 2a, that represents antegrade reperfusion of less than half of 

the occluded target artery previously ischemic territory, and grade 2b, showing antegrade 

reperfusion of more than half of the previously occluded target artery ischemic territory. 

The final and most positive stage is grade 3 that presents complete antegrade 

reperfusion of the previously occluded target artery ischemic territory, with non-existence 

of visualized occlusion in all distal branches. 

 

A review of score systems for flow restoration after endovascular revascularization  

observed that some authors had proposed a further modification with the introduction of 

the grade 2c, corresponding to near complete perfusion except for slow or distal emboli 

in a few distal cortical vessels, and some physicians are using this grade in procedure 

reports, but this grade has not reached consensus approval, yet. 14 

 

Additionally, although the guidelines recommended mTICI 3 reperfusion to be the 

therapeutical goal for endovascular therapy, if reasonably and safely achievable, current 

studies emphasise the need to consider stopping the procedure in case of early mTICI 

2b reperfusion or continue in the pursuit of perfection, as the potential benefit in outcome 

after achieving mTICI 3 following further retrieval attempts after a first-pass mTICI 2b 

need to be weighed against the risks. 15 
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III – RADIATION AWARENESS 
 

Interventionists are not always aware of the radiation doses that are delivered during the 

procedures, and in neuroradiology, the risk is not only to the skin, but particularly to the 

eyes (cataract), if the radiation primary beam passes through the orbit, and neck (thyroid 

sensibility). 

 

Digital equipment can produce high dose rates, and users of interventional fluoroscopic 

equipment must have in mind that multiple image acquisitions (between 50 and more 

than 1000), either digital or analogue, add further to the total skin dose, in addition to that 

delivered fluoroscopically. In some interventional procedures, skin doses to the patient, 

approach those used in some cancer therapy fractions.  

 

The dose report of each procedure gives the cumulative frontal air kerma and the 

cumulative lateral air kerma, individually, as the two arms of the biplane are usually 

placed ninety degrees apart from each other. The Dose Report is obtained in the end of 

each procedure, as shown in the next image. 

 

 

 

Figure 9 – Dose Report of a simple procedure, from the PACS archive of CHUP. 
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Figure 10 – Dose Report of a complex procedure, from PACS archive of CHUP. 

 

The absorbed dose to the patient in the skin area that receives the maximum dose is a 

priority concern. ICRP advises that each local clinical protocol should include, for each 

type of interventional procedure, a statement on the cumulative skin doses and skin sites 

associated with the various parts of the procedure. Interventionists should, also, be 

trained to use information on skin dose and on practical techniques to control dose. 
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III.I – RADIATION EXPOSURE 

 

As usual with medical exposures of patients, no dose limits apply, but guidance levels 

for specific procedures can be relevant. Additionally, given the need for high image 

quality in interventional radiology, there is a need to develop minimum standards of 

imaging performance and the associated dose requirements for given interventional 

procedures. 

 

 

III.I.I – RADIATION EFFECTS TO PATIENTS 

 

The Publication 85 of the International Commission on Radiological Protection (ICRP) 

considers that acute radiation doses (to patients) may cause erythema at 2 Gy, cataract 

at 2 Gy, permanent epilation at 7 Gy, and skin necrosis at 12 Gy. As for occupational 

exposures, protracted exposures to the eye may cause cataract at 4 Gy if the dose is 

received in less than three months, and at 5 Gy if received over a period exceeding the 

three months. 16 

 

Nevertheless, other publications, as in Publication 118, ICRP stated that the lens of the 

eye appeared to be more radiosensitive than previously considered, and, in many 

studies, it is suggested to have an elevated risk for cataract development in populations 

exposed to low doses of ionizing radiation, below the previous thresholds. 17  

 

Furthermore, maximum cumulative absorbed doses that appear to approach or exceed 

1 Gy, for procedures that may be repeated, or 3 Gy, for any procedure, should be 

recorded in the patient record, and there should be a patient follow-up procedure for such 

cases. 16 

 

In extreme situations, interventional neuroradiological procedures requiring extended 

fluoroscopic exposure time have been described as leading to alopecia or epilation.  
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Figure 11 – Temporary epilation of the right occipital region of the skull 5 to 6 weeks after embolization procedure. 16 

 

The figure above shows a case of temporary epilation of the right occipital region of the 

skull that has been reported following a transarterial embolization of a left para-orbital 

arteriovenous malformation performed in two stages, three days apart. The total doses 

in postero-anterior projection and lateral projection of the biplane x-ray system were 

estimated from post-procedure phantom measurements to be 6.6 Gy and 1.7 Gy, 

respectively. Regrowth was reported to have occurred after 3 months, even though the 

regrown hair was greyer than the original. 

 

Table 4 – Patient doses in interventional procedures. 16 

Procedures Skin doses Technical details 
Author, 

year, 
journal 

Cerebral 
embolization 

160-180mGy  
McParland 

1998, 
Br J Radiol 

Neuroradiologic 
procedures 

Frontal: 1200 mGy 
Lateral: 640 mGy 

(in 25% of the cases, skin 
dose > 2000 mGy 

Biplane 
neuroradiologic 
system Toshiba 
CAS 30B/110A 

Gknatsion 
1997, 

Radiology 

Interventional 
neuroradiologic 

procedures 

310-2700 mGy 
With additional filtration: 

130-1230 mGy 

Additional filtration 
to reduce doses 

Norbash 
1996, AJNR 
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III.I.II – RADIATION EFFECTS TO STAFF 

 

Generally, staff doses correlate with patient doses, and when patient doses increase, 

the resulting staff doses increase as well. Staff doses are influenced by the equipment 

design and technical settings, clinical protocol, and to some degree clinical experience. 

 

Staff working in interventional radiology must wear adequate physical protection, as in 

all fluoroscopy procedures. This protection must include a well-designed tailored lead 

apron, which distributes the weight across the shoulders of the individual, or hangs the 

skirt on the body pelvis, sparing the spine from the full weight of the apron. Thus, the 

wearing of thyroid shields will provide some degree of additional protection.  

 

A medical physics expert, or similar, should be available to provide advice on exposure. 

 

Photo chromic sunglasses and spectacles with a high lead content also afford the wearer 

some degree of eye protection. The use of lead rubber or other protective gloves provide 

some protection to the hands. Nevertheless, the best protective measure for hands and 

eyes is for the individual to stay clear of the primary beam, specifically the unattenuated 

one, at the patient entry site.  

 

 

III.II – CONTROLLING DOSE 

 

The displayed information should be easily interpreted in comparison with the nominal 

clinical protocol and the threshold levels of skin injury. The most useful display is the air 

kerma (in mGy or Gy) that has accumulated up to the current point during the procedure. 

This display may be for a reference location that is a replacement for the entrance skin 

surface of the patient. This will usually lead to an overestimate of the maximum 

cumulative skin dose, as it will be accumulated over all entrance skin sites. In addition, 

useful displays are the air kerma rate, mGy per minute, during a fluoroscopic segment 

at the same reference location noted previously, and the total fluoroscopy time, in 

minutes. 

 

Equipment should be secured with some device for cumulative air kerma indication, to 

help the interventionist assess the magnitude of skin dose. 
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The cumulative dose-area-product (DAP) can also be available to the operator as a 

display. This quantity is the sum of the products of the dose incident on the patient and 

the area of the x-ray fields for all segments of an interventional procedure. DAP can be 

useful in dose control for stochastic effects to patients and operators, but it is not a 

practical method for estimating maximum cumulative absorbed dose to skin or useful for 

predicting deterministic effects. 
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IV – DOSIMETRIC QUANTITIES 

 

 

IV.I – ABSORBED DOSE 

 

Absorbed dose in tissue is the energy absorbed per unit mass in a body tissue. The unit 

of absorbed dose is the gray (Gy); 1 gray is 1 joule per kilogram. One gray is also 1000 

milligray (mGy). The mGy is often used when absorbed doses are a fraction of a Gy. 

 

For inflammatory and cell-killing effects, deterministic radiation effects, such as skin 

injuries and cataract of the lens, the maximum cumulative absorbed dose in the tissue is 

a relevant quantity. 

 

For cancer and hereditary effects, stochastic effects, on the assumption of a linear dose-

effect relationship, the mean absorbed dose in an organ or tissue is the indicator of the 

increase in probability of such effects later in life. 

 

 

IV.II – PATIENT DOSIMETRIC QUANTITIES FOR SKIN 

INJURIES 

 

Air kerma, the kinetic energy released in a mass of air, is the sum of the initial kinetic 

energies of all the secondary electrons released by ionizing x-ray photons per unit mass 

of air. At the x-ray energies used in interventional procedures, the air kerma is 

numerically equal to the absorbed dose in air. The common units for air kerma are the 

gray or milligray. 

 

Kerma, K, is the quotient of the sum of the kinetic energies, dEtr, of all charged particles 

liberated by uncharged particles in a mass dm of material, and the mass dm of that 

material. 

𝐾 =
𝑑𝐸𝑡𝑟

𝑑𝑚
 

 

The unit for kerma is joule per kilogramme (J kg – 1), or Gy. Kerma is an acronym for 

kinetic energy released in a mass. 
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Another dosimetric quantity is the incident dose (ID) that represents the air kerma, or 

absorbed dose in air, on the x-ray beam axis at the focus to skin distance (FSD) without 

the patient present. This dosimetric quantity does not include back-scattered radiation 

from the patient, and its magnitude increases as the distance from the focus of the x-ray 

tube to the patient surface (FSD) is reduced. The unit for ID is the Gy or mGy. 

 

Finally, the entrance skin dose (ESD) is the absorbed dose in the skin at a given location 

on the patient. This dosimetric quantity includes the back-scattered radiation from the 

patient and can be measured directly with a dosimeter on the patient or by multiplying 

the ID with a backscatter factor (B). As an example, in water, which is close in radiation 

absorption characteristics to tissue, B ranges from about 1.25 to 1.40, depending on the 

radiation quality of the x-ray beam and the x-ray field size. The magnitude of the ESD 

also increases as the FSD is reduced. The unit for ESD is the Gy or mGy, as well. 

 

Peak skin dose (Dskin,max) is the maximum absorbed dose to the most heavily irradiated 

localised region of skin, or the localised region of skin that lies within the primary x-ray 

beam for the longest period during a fluoroscopically guided procedure. The notation 

recommended by ICRU for the mean absorbed dose in a localised region of skin is 

Dskin,local. The notation used by NCRP for the maximum absorbed dose to the most heavily 

irradiated localised region of skin is Dskin,max. The peak skin dose is measured in Gy. 

 

 

IV.III – OTHER DOSIMETRIC QUANTITIES 

 

The air kerma-area product (PKA) is the integral of the air kerma free-in-air over the area 

of the x-ray beam in a plane perpendicular to the beam axis. In medical publications, the 

acronym used for this quantity is KAP or the cumulative dose-area-product (DAP), that 

is the sum of the products of the incident doses and the areas of the x-ray fields (A) at 

the FSD for all segments of an interventional procedure. This dosimetric quantity can be 

measured at any convenient location between the x-ray source and the patient. 

 

DAP can be helpful in dose control for stochastic effects to patients and operators. 

However, it is not a practical method for estimating maximum cumulative absorbed dose 

to skin or useful for predicting deterministic effects. The unit for DAP is Gy*cm2. 
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Air kerma at the patient entrance reference point, Ka,r, is the air kerma at a point in space 

located at a fixed distance from the focal spot cumulated from a whole x-ray procedure, 

expressed in Gy. The International Electrotechnical Commission (IEC,2010) refers to this 

quantity as reference air kerma. The US Food and Drug Administration uses the term 

cumulative air kerma. The International Commission on Radiation Units and 

Measurements (ICRU) has not defined a symbol, but Ka,r is the notation introduced by 

the National Council on Radiation Protection and Measurements (NCRP) in Report No. 

168 (NCRP,2010). In many medical publications, the acronym used is CAK. Other 

publications refer to this quantity as cumulative dose, reference air kerma or reference 

point air kerma. 

 

 

Figure 12 – Dose quantities for describing radiation exposure of the patient in interventional radiology. 16 

 

 

IV.III – STAFF DOSIMETRIC QUANTITIES FOR 

OCCUPATIONAL DOSE 

 

For occupational exposures, dose limits are expressed in equivalent doses for 

deterministic effects in specific tissues, and expressed as effective dose for stochastic 

effects throughout the body. The unit for equivalent dose and effective dose is the sievert 

(Sv); 1 sievert equals 1000 millisieverts (mSv). 
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On one hand, equivalent dose is obtained from the absorbed doses in specific tissues, 

weighted by the relative effect of the type and energy of the radiation encountered. For 

x-rays used in interventional procedures, the weighting factor is 1. In addition, as for 

deterministic effects, equivalent dose is an indicator of whether the threshold for 

deterministic effects is being approached. 

 

On the other hand, effective dose is derived from the absorbed doses in specific tissues, 

the relative effect for the type and energy of radiation encountered, and the relative 

radiation sensibility for the stochastic health detriments associated with specific tissues. 

It is an indicator of the increase in probability for stochastic effects later in life for a 

population exposed to given levels. 

 

Occupational dose limits are recommended by the Commission (ICRP,1991) for 

stochastic effects (dose limits for effective dose), and deterministic effects (dose limits 

for equivalent dose) to the relevant tissue. These limits are given in mSv. In interventional 

procedures, the numerical value of the absorbed dose in mGy is fundamentally equal to 

the numerical value of the equivalent dose in mSv. 

 

 

IV.III – STRATEGIES TO MINIMAZE RADIATION 

DOSES 

 

An important radiation protection measure is to increase one’s distance from the 

radiation source. In the figure below, there is a typical plan view of an operating room 

with isodose curves. On which, no additional protective measures as shielding, or lead 

aprons are counted. 

 

The dose rate is clearly dependent on the relative distance from the radiation entrance 

surface of the patient. It also depends on other parameters like dose rate at the image 

intensifier entrance, the field size, and the tube voltage and orientation of the incident x-

ray beam. 

 

In Figure 13, usual isodose curves of a fluoroscopic x-ray system with horizontal direction 

are shown. However, if the beam direction is vertical, like an under-couch tube, the dose 

rate varies significantly with height above the floor. 16 
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Figure 13 - Plan view of an interventional operating x-ray unit with isodose curves. The presented dose values are 
normalized to a DAP of 1 Gy cm2. The height above the ground is 150 cm. 16 

 

The use of intermittent fluoroscopy can reduce the total fluoroscopic time. In this 

technique, the operator keeps the beam on only a few seconds at a time, long enough 

to visualize the current catheter position. 

 

Additionally, the last image hold is a dose saving feature. Using this feature, physicians 

can evaluate the last image and plan the next move without additional radiation exposure 

in an interventional procedure. Modern systems have electronic collimation as well, 

which overlays the collimator blade on the last image hold in order to adjust field 

dimensions without exposing the patient. 

 

The use of pulsed fluoroscopy, where the x ray beam is emitted as a series of short 

pulses rather than continuously, can provide substantial dose savings. For instance, 

images may be acquired at 15 frames per second rather than 30 frames per second. 

Meanwhile, pulsed fluoroscopy can also be performed at rates (7.5 or 3 frames per 

second), the result of simply reducing the number of pulses would result in an increase 

in image noise, and in a need to increase the milliamperage setting to achieve a similar 

visual appearance. Therefore, this technique has a great advantage as long as the 

radiation exposure is low at lower frame rates. 18 
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V – DIAGNOSTIC REFERENCE LEVEL – DRL 

 

DRLs are the diagnostic reference levels, for diagnostic and interventional procedures. 

They have been a crucial tool in the ICRP’s radiological protection armamentarium for 

the last decades. The language of radiological protection is complex, and, sometimes, is 

confusing to those who are not experts in the field. 

 

DRLs are not intended to be applied to individual patients and should not be used as 

dose limits. They are an essential tool in optimisation process, particularly as dose limits 

are not relevant in the medical exposure of patients. 

 

In Publication 135 of ICRP, the Commission recommends the use of four different DRL 

terms described below. DRL is a form of investigation level used as a tool to aid 

optimisation of protection in the medical exposure of patients for diagnostic and 

interventional procedures. 

 

A DRL quantity is a commonly and easily measured or determined radiation metric that 

assesses the amount of ionising radiation used to perform a medical imaging task. In 

addition, a DRL value is an arbitrary estimated value of a DRL quantity, set at the 75th 

percentile of the median distribution, in the distributions of the DRL quantity, obtained 

from surveys or other means. Finally, a DRL process is the cyclical process of 

establishing DRL values, using them as tools for further optimisation. 

 

In fact, optimisation is usually about maintaining the quality of the diagnostic information 

provided by the examination corresponding to the medical purpose while attempting to 

reduce patient exposures to radiation to a level as low as reasonably achievable. 

Methods to achieve optimisation that involve both the DRL process and image quality 

evaluation should be implemented. 

 

When a survey is performed to acquire dose information for different procedures, it is 

necessary to identify radiation doses that are too high as well as too low, as both may 

have consequences for the patient. 

 

If a dose is below a DRL value, it does not mean that the procedure was performed at 

an optimised level regarding the amount of radiation used. The Commission understands 
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that additional improvement can regularly be achieved by using the median value, the 

50th percentile, of the national distribution of values of dose-related quantities to deliver 

additional advice for further optimisation efforts. When local median values of the DRL 

quantity are below the national median value, image quality should be considered as a 

greater priority in this additional optimisation process, instead of the amount of radiation 

used. Therefore, when local practices result in levels of radiation that are below the 

national median value, guaranteeing that image quality is adequate should be a priority, 

and, in some cases, this may result in an increase in dose. 

  

 

V.I – DRL QUANTITIES AND VALUES 

 

DRL quantities should be adequate to the imaging modality that is being evaluated, 

should assess the amount of ionizing radiation applied to perform a medical imaging 

task, and should be easily determined or measured.  

 

DRL values are not static. As optimisation of examinations continues or hardware and 

software improve, DRL values should regularly be updated.  

 

For interventional procedures, the complexity of the procedure may be considered in 

establishing DRL values, and a multiplying factor for the DRL value may be suitable for 

more complex cases. 

 

The DRL process should be applied in a continual process of quality assurance (QA), 

with repeat surveys following any optimisation, and then repetition of the entire process 

after an appropriate time interval. 

 

Table 5 – Quantities suitable for setting diagnostic reference levels (DRLs). 19 

Equipment 
Recommended 

quantity 
Recommended 

unit 

Diagnostic 
fluoroscopy 

PKA Gy*cm2 

Interventional 
fluoroscopy 

Ka,r 
Fluoroscopy time 

Number of images 
in cine or digital 

subtraction 
angiography runs 

Gy 
s 

Number 
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V.II – DRL IN INTERVENTIONAL PROCEDURES 

 

DRLs are challenging to implement for interventional procedures as patient doses 

depend on a wide variety of factors in addition to patient size.  

 

Cumulative fluoroscopy exposure time is a poor indicator of patient dose, but should be 

recorded and used as a subsidiary DRL quantity to aid in optimisation. 

 

As explained previously, the amount of radiation used in fluoroscopically guided 

interventional procedures is highly affected by procedure complexity due to patient 

anatomy, lesion characteristics, and disease severity. Therefore, DRLs for interventional 

procedures must be developed differently from those for other imaging modalities.  

 

In principle, for the most accurate comparisons of dosimetric data among populations 

undergoing fluoroscopically guided interventional procedures, it would be desirable to 

normalize PKA and Ka,r data by compensating for differences in patient body habitus and 

weight. These affect body-part thickness which, as well, affects x-ray beam attenuation. 

 

Variability between patients refers to variability in patient anatomy and clinical factors, 

such as body habitus, anatomic variations of the vascular tree, diameter of normal blood 

vessels and tendency towards arterial spasm, which determine the technical parameters 

to be used and that contribute to complexity. Lesion variability refers to differences in the 

pathology being treated, as stenosis vs occlusion. These are the factors that shows that 

interventional procedures demonstrate substantial variability in the amount of radiation 

used for individual cases due to patient, operator, type of materials, and equipment 

factors. 

 

D'Ercole et al. (2012) have proposed local DRL values based on complexity for 

neuroangiographic diagnostic procedures and interventions, such as cerebral 

angiography and embolization of intracranial aneurysms and arteriovenous 

malformations. 

 

Another method can be applied to characterise and analyse the amount of radiation used 

for fluoroscopically guided interventional procedures, without the need for the clinical 

data that are frequently challenging to collect. It involves collection and analysis of data 

from a greater number of cases than those used to determine DRL values for diagnostic 
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imaging. This method requires information on the full distribution for the DRL quantities 

of interest, and provides a benchmark in the form of a data set that includes the values 

of the DRL quantities for all cases of that procedure performed in each of a larger number 

of facilities. 

 

When this method is used to conduct an audit, it requires both a regional, or national, 

benchmark data set containing dosimetric data for every case of a procedure from many 

facilities, occasionally referred to as an advisory data set (ADS), and a local data set of 

the dosimetric data for every case of the same procedure performed at the local facility, 

sometimes mentioned as a facility data set. 

 

The determination of the need for an investigation is the same as with other data sets 

used for DRLs, the local median value is compared with the 75th percentile of the 

benchmark data, and an investigation is performed if the local median exceeds the 75th 

percentile of the benchmark data. The local mean value should not be used as it can be 

strongly influenced by the high tail of the distribution.  

 

Furthermore, high radiation doses may reflect poorly functioning equipment or incorrect 

equipment settings, suboptimal procedure performance, operator inexperience, or high 

clinical complexity. An investigation may be desirable, as well, if the local median is 

below the 10th percentile or the 25th percentile of the ADS. The usage of low radiation 

might be imputed to incomplete fluoroscopically guided interventional cases, inadequate 

image quality, or superior dose management. For better assessment of the local data, 

comparison of the median, 25th, and 75th percentile values of the facility data to the 

corresponding percentile values of the benchmark data, has been recommended. 

 

As previously mentioned, the quantity used should be simply measurable or available. 

Cumulative fluoroscopy time is quickly available, but has been shown to correlate weakly 

with peak skin dose (Dskin,max). For fluoroscopically guided interventional procedures, Ka,r 

and PKA have been established as estimators of the risk of radiation-related tissue effects 

and stochastic effects, respectively, due to radiation. 

 

PKA is a proxy measure of the amount of energy delivered to the patient, and so is a 

reasonable indicator of the risk of stochastic effects. Ka,r is a valuable predictor of Dskin,max 

and consequently of the risk of tissue effects, such as radiation-induced skin injury. 
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In Europe, PKA is frequently used. In the USA, Ka,r is more available, as US FDA requires 

that all fluoroscopic units manufactured after mid-2006 display Ka,r. Display of both 

dosimetric measurements on interventional fluoroscopy systems is also required for 

compliance with standards of the International Electrotechnical Commission. Therefore, 

for purposes of comparison with DRLs, both quantities are acceptable. 

 

Several authors proposed DRL values for fluoroscopically guided interventional 

procedures using many quantities: PKA, Ka,r, fluoroscopy time, and number of acquired 

images. This method helps to identify the cause if radiation use is not optimised, and 

may simplify the investigation. When PKA exceeds the DRL value but Ka,r is within an 

acceptable scale, there may be inadequate attention to collimation. If the median PKA 

and/or Ka,r in a particular institution exceeds the corresponding DRL value, evaluation of 

fluoroscopy time and the number of acquired images may help to define whether these 

are contributing factors. The Commission recommends that data for all suitable DRL 

quantities that are available should be tracked for interventional procedures at facilities 

where these procedures are performed. 

 

To sum up, for interventional radiology, all the following DRL quantities are 

recommended, if available: PKA, cumulative air kerma at Ka,r, fluoroscopy time, and the 

number of radiographic images.19 

 

The next Table 6 summarizes the most important and recent studies published. 

 

Table 6 – Sum up of the literature - comparison of studies. 

STUDY 
CENTRE 

TYPE 

DOSE 
REDUCTION 

SYSTEM 

PATIENT 
(n) 

PROCEDURE ATTEMPT 
PKA 

(Gy cm2) 

D’Ercole 
et al 

(2012) 
single no 

113 
Cerebral 

Angiography 
- 180 

82 
Embolization 

of 
Cerebral aneurysms 

- 487 

Farah 
et al 

(2019) 
single no 319 

Endovascular 
Thrombectomy 

1 100 

2 158 

≥ 3 217 

Total 162 

Weyland 
et al 

(2020) 
single no 544 

Endovascular 
Thrombectomy 

1 107 

2 156 

3 184 

4 244 

5 295 

Guenego 
et al 

(2019) 
multi 

yes 520 Endovascular 
Thrombectomy 

Total 148 

no 576 Total 187 
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V.III – THE 7M MANAGEMENT APPROACH 

 

The Society of Vascular and Interventional Neurology (SVIN) Writing Committee 

developed a Stroke Interventional Laboratory Consensus (SILC) criteria using a 7M 

management approach for the development and standardization of each stroke 

interventional laboratory within stroke centres. 

 

The SILC criteria include: (1) manpower, (2) machines, (3) materials, (4) methods, (5) 

metrics (volume), (6) metrics (quality), and (7) metrics (safety). 

 

(1) Manpower – Personnel and Supervision 

 

To sustain the daily operational components of a stroke interventional laboratory reliably 

and systematically, a certain critical mass of personnel is mandatory. This section 

outlines all necessary physician and ancillary staff with experience in all aspects of 

delivering stroke interventional procedures and post-procedural care. 

 

(2) Machines – Physical Facilities and Angiographic Equipment 

 

This section specifies the details about physical angiography space, angiographic 

equipment, instrumentation and software, biplane angiography with built-in CT capability, 

neuro-angio pack (pre-packaged for stroke intervention procedures), additional single 

plane or biplane angiography suite for simultaneous stroke interventions or divert policy. 

 

Considerations in equipment parameters include appropriately sized image receptor, 

permanent recording modules such as digital subtraction versus cine, fluoroscopy tube 

focal spots, output, generator capacity, software modules, local storage capacity for 

images, DICOM ability to integrate with PACS, dose management tools custom to 

procedure performed. 

 

Biplane angiography with DSA, high-resolution image intensifier, and imaging chain, 

digital subtraction imaging (1024x1024 matrix is ideal) should be standard.20 Roadmap 

fluoroscopy capabilities with or without simultaneous live non subtracted imaging are 

required as well. A technologist must document fluoroscopy time, and dosimetric 

quantities should be used. 
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Recently, flat-panel technology has evolved to the point where biplane systems are used, 

instead of systems with image intensifier. For example, Guenego et al (2019) has biplane 

angiography systems and flat panel radiation, in their centres, to perform endovascular 

thrombectomy procedures, from five academic centres within four countries, since 

January 2014. 21 

 

(3) Materials – Medical Device Inventory, Medications, and Angiographic Supplies 

 

It refers to medical device inventory with adequate par levels, as minimum basic devices, 

including guide catheters, guidewires, balloon catheters, microcatheters, 

microguidewires, embolic materials, and thrombectomy devices, equipment and 

instrumentation quality control, medication storage system and a crash cart. 

 

(4) Methods – Standardized Protocols for Stroke Workflow Optimization 

 

A successful stroke interventional laboratory should have protocol development for the 

following: reporting study results as part of medical record, listing procedure indications, 

informed consent, procedure preparation and conduct, brain attack activation, 

management of contrast induced nephropathy, management of radiation induced 

alopecia and dermatitis and special situations, as angiographic procedures for pregnant 

or paediatric patients. 

 

(5) Metrics: Volume – Existing Credentialing Criteria for Facilities and Stroke 

Interventionalists 

 

The stroke interventionalists must fulfil and maintain basic requirements in cognitive 

knowledge, technical expertise, and clinical competency throughout his career to ensure 

safe and efficient delivery of quality care in potentially life-threatening, clinical 

cerebrovascular diseases. The SVIN SILC Writing Committee endorses the tracking and 

reporting of procedural volumes by operator and laboratory to ensure safety and quality. 

In addition, competency and credentialing must be tracked in a standardized uniform 

manner for each laboratory to equally assess the procedural skills and adequacy of every 

stroke interventionalist. 
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(6) Metrics: Quality – Benchmarks for Quality Assurance 

 

Quality assurance begins with clinical proficiency among operators in the stroke 

interventional laboratory. To ensure quality assurance of the performance of the 

laboratory unit, a continuous quality improvement program should be incorporated into 

the overall design of the stroke interventional laboratory, with key documentation and 

regular tracking for quality metrics. 

 

Besides quality assurance, patient outcomes and performance metrics are included in 

this section, as prehospital EMS activation and transport, in-hospital ER triage, 

diagnostic and stroke-intervention procedures. 

 

(7) Metrics: Safety – Radiation and Procedural Safety Practices 

 

This section concerns to radiation safety, contrast safety, air kerma and fluoroscopy time. 

 

All supervising physicians, registered radiology assistants, and radiology technologists 

are responsible for safety in the workplace by keeping radiation exposure of staff and 

patient. In fact, operators are to practice the ALARA method (“as low as reasonably 

achievable”) to safely assure radiation doses to individual patients are appropriate and 

minimize the risk of radiation exposure while maintaining adequate image integrity for 

diagnosis and management of cerebrovascular disease states. 

 

As contrast safety is concerned, adverse reactions to contrast agents may range from 

mild allergic reaction to anaphylaxis, renal toxicity, and life-threatening emergency. 

Therefore, all contrast materials should be used at the lowest possible dose per 

procedure per patient, and physicians and staff should be aware of such complications 

to ensure prompt diagnosis and treatment. 20 
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VI – STUDY INTRODUCTION 

 

With the increasing number of neurointerventional procedures, the need for tracking and 

controlling radiation exposure during neurointerventions is growing. Comparability of 

procedure quality in different units, however, may vary. Therefore, following the 7-metric 

managing approach of the SVIN, namely the control of radiation exposure as the seventh 

metric, is discussed. 

 

The threshold for deterministic risks is reached in about 6% of endovascular stroke 

treatment while the relevance of the stochastic risk remains uncertain. Even though, 

DAPs cannot be directly transformed into local skin equivalent doses and should not be 

mistaken as an equivalent for deterministic risk, DAPs are an established metric to 

monitor and compare radiation exposure. Therefore, monitoring radiation exposure of all 

stroke centres as a quality control is a helpful instrument to detect sources of 

systematically high radiation exposure.22 

 

Lately, first data appeared to clarify the extent of radiation exposure in endovascular 

stroke treatment. The number of thrombectomy attempts to recanalize an occluded 

target vessel is a crucial parameter during endovascular stroke treatment defining the 

patient’s clinical outcome.22 

 

The objective of this study is to analyse the workflow of a high-quality stroke centre and 

quantify radiation exposure in neurovascular procedures. In the second step, the 

objective is to quantify radiation exposure per performed thrombectomy attempt and 

establish DRL values per number of thrombectomy attempt in endovascular stroke 

treatment.  Finally, an analysis of cases with radiation exposure higher than the 90th 

percentile in the patient cohort will be done to define reasons for high radiation exposure, 

and to find a correlation between increasing radiation exposure and the increase of the 

number of thrombectomy attempts during endovascular treatments. 

 

  



FCUP 
Radiation doses in interventional neuroradiology procedures 

44 

 
 

 

VII – METHODS 

 

In this study, data was collected from an automated data collection system within a 

dedicated, fixed x-ray facility. The facility has a standard workflow to ensure 

interoperability among modalities, Picture Archiving and Communication System 

(PACS), and dose report systems. 

 

This is a retrospective single-centre study, where is reported data from dose reports 

stored in PACS of institutional board-approved research in a university-based 

comprehensive stroke centre. 

 

In this research, there are report data of patients who received endovascular treatment 

at the comprehensive stroke centre consecutively between September 2020 and July 

2021. 

 

The equipment was upgraded to release a dose report after every procedure, as shown 

in Figure 9 and Figure 10, and that was the day that the data collection started – 12th 

September 2020. Before that, there was no conclusive way to collect data. 

 

The archive has images and dose reports of every diagnostic examination and 

interventional procedure done at the hospital. This archive is only accessible from inside 

the network of the hospital. Therefore, a thorough search had to be done to identify the 

patients that had been in the comprehensive stroke room. 

 

This angiography room has a huge variety of utility: neuroradiology diagnostic 

procedures, neuroradiology interventional procedures, radiology diagnostic procedures, 

radiology interventional procedures, vascular surgery diagnostic procedures, vascular 

surgery interventional procedures, and sometimes, cardiology diagnostic procedures 

and cardiology interventional procedures. 

 

After identifying the kind of procedures that would be relevant for this study – 

interventional neuroradiology – a list of patients was made. However, many patients had 

only neuroradiology diagnostic procedures, and because of that, had to be excluded from 

data collection. This specific task could not be traced by any tool, it had to be done 
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manually, looking to the images and reports to find if the patient should be included or 

not. There were hundreds of patients. 

 

The next step was to open every patient data, collect the number that only identifies the 

procedure, date of the procedure, and the age and gender of the patient. Then look for 

the report of the procedure, and gather the information of the neurointerventionalist, the 

beginning and ending procedure time, the local of puncture, the catheterization site and 

the number of attempts, the place of the occlusion, the procedure performed and the 

number of attempts to remove the occlusion and the technique used to remove it, the 

mTICI scale value of the procedure, the conclusion of the procedure and its 

complications. After that, it was collected the dose report and its values: cumulative 

fluoroscopy time, cumulative DAP of fluoroscopy, cumulative DAP of radiation exposure, 

total DAP, or PKA, cumulative frontal Air Kerma, or Frontal Ka,r, cumulative lateral Air 

Kerma, or Lateral Ka,r, the number of total runs (series of images) and total images, if the 

procedure had Xper CT Prop Scan series and how many runs, and, at last, the 

preparation time, since the entrance of the patient into the room until the beginning of 

the procedure. 

 

Some reports had incomplete data. A thorough analysis of the runs and their images had 

to be done to find more values. Also, it was necessary to consult with the 

neurointerventionalists that perform the procedures for more information, and in their 

department records. 

 

The database was created with 256 patients that entered the comprehensive stroke 

centre room to have an urgent endovascular thrombectomy, and the final data is from a 

procedure performed on 7th July 2021. 

 

The radiation exposure data was collected, another group was formed with only 

endovascular stroke treatment and subgroups were formed by the number of 

thrombectomy attempts. A thrombectomy attempt was defined as a planned and 

conducted maneuver with the intention to recanalize an occluded intracranial vessel. 

 

Afterwards, a comparison with the recent literature was made, and DRLs were 

established by the 75th percentile of each subgroup. In a more detailed analysis, cases 

exceeding the 90th percentile of the radiation exposure per number of thrombectomy 
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attempts were analysed to define the causes of high radiation exposure during 

endovascular stroke treatment. 

 

Finally, a thorough analysis of the procedures made by the most experienced 

neurointerventionalists was performed to determine if there will be any differences on 

individual and teamwork outcomes. 

 

 

VII.I – ANGIOGRAPHIC SYSTEM  

 

The procedures of this study were performed in a specialized room, equipped with 

Phillips Allura Xper FD20/10 biplane X-ray system, as shown in the next images.  

 

 

Figure 14 – Representation of the position of the patient and the biplanar arms. 23 
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Figure 15 – Schematic representation of Allura Xper FD 20 on the lateral ARC-N. 24 

 

This equipment is intended for dedicated vascular and neurovascular imaging 

applications, including diagnostic and interventional procedures (peripheral, cerebral, 

thoracic, and abdominal angiography, stent placements, embolization, and thrombolysis, 

cardiac imaging applications, containing diagnostics, interventional procedures, 

pacemaker implantations and electrophysiology), and non-vascular interventions, such 

as drainages, biopsies and vertebroplasties procedures. 

 

The Allura Xper FD 20 series equipment satisfies the terms of IEC 60601-1 and provides, 

inside and outside the patient environment, the level of safety stipulated in IEC 60601-

1-1. IEC 60601-1 is recognized by public health authorities in many countries, as a pre-

requisite for commercialization of electrical medical equipment. This kind of biplane 

angiography system and flat panel radiation is used worldwide, and referred on the most 

recent studies of the matter, as previously mentioned. 

 

This equipment consists of the following main parts, which have been located inside the 

patient environment: table with control modules, lateral and frontal stand, lateral and 

frontal X-ray tube housing assembly with beam limiting devices (BLD), frontal and lateral 

flat detector (FD) assembly, ceiling suspending monitors and target light, optional 

injector, and optional radiation shields. 

 

Additionally, an Allura Xper FD 20 consists of the following parts, which have been 

located outside the patient environment: monitors, keyboard and mouse, control 
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modules, workstation, frontal and lateral X-ray generator and cooling units, peripheral 

cabinets, and main cabinet for system control/main power distribution with user 

interfaces and viewing monitors. 

 

 

Figure 16 - Representative illustration of the use of the monitors and control switches, during EST procedures.25 

 

The X-ray equipment is intended for procedures in which the Air Kerma (AK) levels can 

be high enough during normal use to constitute a risk of deterministic effects. Therefore, 

this radiation equipment must be used according to the safety rules defined on the 

manual of the equipment manufacturer. 23 

 

As for the filtration, the maximum attenuation equivalent of the tabletop of this equipment 

is 1.43 mm Al. The minimum inherent filtration (at 75 kV) of the X-ray tube/collimator is 

2.5 mm Al. 

 

Depending on the Beam Limiting Device (BLD), an additional filter can be set, besides a 

wedge filter of 1 mm brass (CuZn37 R-019; 22 mm Al equivalent at 75 kV), as shown in 

the next table.24 
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Table 7 – Additional filtration of the collimator, depending on the  Beam Limiting Device (BLD) 24 

BDL Type 
number (12NC) 

Additional 
No. 

Filter 
Filtration in 
mm Al – eq. 
(at 75 kV) 

989601022***1 

1 0.1 mm Cu + 1.0 mm Al 4.0 

2 0.4 mm Cu + 1.0 mm Al 11.0 

3 0.9 mm Cu + 1.0 mm Al 21.5 

 

The planned maintenance programme is made by qualified and authorized service 

technicians,  and evaluated by the medical physics expert of the hospital. 

 

This equipment has a 3D reconstruction software called Xper CT that brings CT images 

to the interventional systems. Xper CT uses the rotational angiography system of Allura 

Xper FD20 to obtain images, and create the 3D reconstructions of high quality in less 

than a minute. The obtained data could be visualized as a regular CT image, in a 3D 

volume, in every direction, or as a slice above 0.5 millimetres. Additionally, it has a zoom 

tool for high resolution applications. 

 

 

VII.I – INCLUSION AND EXCLUSION CRITERIA 

 

To begin the study, data was collected from all procedures performed by the 

neuroradiology interventional team, which include patients with acute ischemic stroke 

due to large-vessel occlusion, aged ≥ 18 years, and the decision to perform endovascular 

treatment: patients with occlusion, confirmed on DSA and documented location of the 

occlusion. 

 

After that, to achieve comparability between endovascular stroke treatments, patients 

were selected based on factors, which directly influenced radiation exposure. 

 

Patients were excluded if a complex cervical procedure during the endovascular stroke 

treatment (EST) was performed. In addition, patients with cervical procedures were 

excluded due to the diverse approach of endovascular treatment in a setting of tandem 

occlusion, leading to a varying predisposal for higher radiation exposure levels. Patients 

 
1 *** - any digit 0 to 9. 
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were, also, excluded when endovascular stroke treatment attempt was unsuccessfully 

performed, as due to futile vascular access, and patients with spontaneous reperfusion 

before EST. 

 

Additionally, only patients with a final mTICI score of 2b, 2c/3 or 3, following EST were 

studied.  

 

Finally, an analysis of EST procedures performed by an experienced 

neurointerventionalist (with more than 25 EST procedures performed) was done. 

 

Since there seems to be no effect of the mode of sedation during EST on fluoroscopy 

time and radiation exposure, patients treated under general anaesthesia, and conscious 

sedation were accounted for. 22 

 

 

VII.II – EST IN THE COMPREHENSIVE STROKE 

CENTRE 

 

The process of decision making for EST was accomplished by an interdisciplinary 

consensus of the treating neurologist and the neurointerventionalist following 

international and national guidelines. 

 

For endovascular stroke treatment, a standard approach with femoral access was 

performed in most of the cases. The choice of material was subject to change depending 

on the availability and technical process during the observation period. During the 

approach, the choice of material and maneuver technique, as direct aspiration, or stent-

retriever thrombectomy, was made by the neurointerventionalist and is not further 

analysed in this study. 

 

The total number of thrombectomy attempts performed during the intervention, as 

specified in the interventionalist’s report, was demonstrated by reviewing corresponding 

angiographic images of the procedure. 
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VII.III – DATA ACQUISITION 

 

Patient-related data were retrospectively acquired from reports and dose reports. No 

patient was excluded because of a missing data set. 

 

DAP is used to calculate radiation exposure based on the body part irradiated, is a direct 

indicator of the effective dose of the patient, and serves as an established paradigm for 

DRL values. Furthermore, DAP is directly connected to the number of contrast series 

and road mapping in EST. It is also influenced by field of view, patient positioning and 

individual anatomy. The relationship between DAP and acquisition series is evident, 

however, it will not be further specified in this study. 

 

Data acquisition of radiation exposure per DAP and per fluoroscopy time was done 

automatically by the angiographic system, which is calibrated regularly. Angiographic 

system (Philips Allura Xper FD20/10 and 3D XtraVision Reconstruction System) 

underwent preventive maintenance and technical surveillance with repetitive constancy 

tests according to national standards. 

 

 

VII.IV – PRIMARY OUT COME PARAMETERS 

 

The primary outcome parameters were patient’s age, procedure time, fluoroscopy time, 

in minutes, radiation exposure per DAP, in mGy cm2, cumulative air kerma, in Gy, and 

quantity of series. 

 

 

VII.V – STATISTICAL ANALYSIS 

 

All analysis were performed with Microsoft Office – Excel (version 16.0.14527.20276). 

Normally distributed variables are reported as mean, median and standard deviation 

(SD). Non-normally distributed data are reported as median and 75th percentile. 

Categorical variables are reported as proportions. 

 

Therefore, data was shown as median with interquartile range (IQR) or mean with 

standard deviation (SD), as appropriate. 
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The final mTICI score and number of attempts were stratified into TICI 2b, TICI 2c/3 or 

TICI 3 following the first, second, third, fourth or ≥ fifth retrieval attempt. Figures were 

created using plots of Excel. p-values < 0.05 were considered significant. 
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VIII – RESULTS 

 

From all the patients that were treated in the interventional room between September 

12th 2020, and  July 7th 2021, n = 256 patients met the inclusion criteria for further analysis 

(see Figure 17).  

 

 

 

 

 

 

 

 

 

 

 

 

From the first analysis, n=153 patients (43,8% of men) met the inclusion criteria for the 

next step. The mean of ages was 73 years (31-97). Ten neurointerventionalists 

participated in the procedures of the analysed patients. 

 

The median cumulative fluoroscopy time from first angiographic series till reperfusion 

was 15 min (2-102), and the median time from entrance into the room till reperfusion was 

41 min (3-250). 

 

Predominantly, occlusions of the main branch of the middle cerebral artery were treated 

– (M1 occlusions, n=93, 60,8%), followed by occlusions of the M2 segments (n=20, 

13,1%) of the MCA. Occlusions of the intracranial carotid were frequent, as well (n=26, 

17,0%). 

 

 

 

 

 

Patients (n=256) with acute 
ischemic stroke receiving EST 

n=21  (8,2%) excluded with 
embolization treatment 

n=11 (4,3%) excluded with 
angioplasty treatment 

153 patients (59,8%) were 
included in the analysis 

n=70 ( 27,3%) excluded 
with diagnostic angiography 

n=1 excluded with less than 
18 years old 

Figure 17 – Selection of study cohort (depending on the exclusion criteria). 
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Table 8 – Case distribution per occlusion location. 

OCCLUSION LOCATION NUMBER % 

M1 93 60,8% 

M2 20 13,1% 

M3 1 0,7% 

CAROTID TRACT 26 17,0% 

POST CIRCULATION 12 7,8% 

ACA 1 0,7% 

TOTAL 153 100,0% 

 

Successful reperfusion (mTICI 2b-3) was achieved in n=136 patients (88,9%). More 

details in Table 9. 

 

Table 9 – Baseline characteristics of patients who received endovascular stroke treatment entering this analysis. 

 

 Patients (n=153) 

Age (year), mean (SD) 73 (13) 

Male (%) 67(43,8) 

Location of intracranial occlusion  

Carotid T (%) 26 (17,0) 

M1 (%) 93 (60,8)  

M2 (%) 20 (13,1) 

M3 (%) 1 (0,7) 

ACA (%)  1 (0,7) 

VA/BA (%) 12 (7,8) 

Number of thrombectomy attempts, median (IQR) 1 (1-2) 

Number of thrombectomy attempts, mean (SD) 2 (1,4) 

Procedure time (puncture to last image), in minutes, median (IQR) 41 (26-76) 

Dose area product (PKA), in Gy*cm2, median (IQR) 138,6 (96,1-251,8) 

Fluoroscopy time, in minutes, median (IQR) 15 (9-24) 

Final mTICI score  

0-2a (%) 17 (11,1) 

2b (%) 53 (34,6) 

2c (%) 17 (11,1) 

3 (%) 66 (43,1) 

Total successful reperfusion (%) 136 (88,9) 
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In order to give a first notion of the PKA values that were gathered and analysed form the 

endovascular thrombectomy procedures, a graphic representation is shown below. 

 

 

Figure 18 – Representation of the PKA variations in Endovascular Thrombectomy procedures. 

 

 

VIII.I – PRIMARY ANALYSIS 

 

The median number of thrombectomy attempts was 1 (IQR, 1-2), and the maximum 

attempts were seven. Overall, the median procedure time was 41 min (26-76), and the 

median cumulative fluoroscopy time was 15 min (9-24). 

 

As DAP or PKA is concerned, the median value for all procedures was 138,6 Gy cm2 

(IQR, 96,1-251,8). DAP was higher than 500 Gy cm2 in n = 6/153 cases (3,9%); in each 

case, at least, 4 attempts were performed (since the initial attempt to cross over 

occlusion till the attempts to remove clots), and the procedure complexity was 
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remarkably high. Not one of those cases had additional 3D acquisition or Xper CT series 

were performed. 

 

 

Figure 19 – Graphic representation of the PKA data of the Endovascular Thrombectomy per thrombectomy attempt. 

 

Subgroups per number of thrombectomy attempts showed a significant increase in 

radiation exposure per additional attempt from 1 to 4 thrombectomy attempts. 

 

There were two procedures with numerous begin attempts to cross over obstructions in 

the vascular tract, defined as attempt zero. These values were excluded from this 

analysis, as the result was not endovascular stroke treatment. 

 

The highest median value was presented at 4 attempts. However, the number of cases 

that had more than four attempts, was not significant to show an increased variation. At 

this point, it is important to high light that the number of 4, 5 or more than 5 attempts is 

extremely low (7,2% or less). 

 

Procedures with one or two thrombectomy attempts differ substantially (PKA1, 112,5 Gy 

cm2 (77,0-161,5) and PKA2, 134,1 Gy cm2 (108,6-203,5)). An additional third or fourth 

maneuver led to a considerable increase of the radiation exposure (PKA3, 323,1 Gy cm2 

(187,2-379,2) and PKA4, 346,7 Gy cm2 (306,4-408,3). The fifth or more attempts were 
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performed in specific cases and in a limited number of patients. This fact led to a 

fluctuation of data, presented as a lower value of PKA, as seen in Table 10. 

 

Table 10 – DAP of endovascular stroke treatment according to the number of attempts. 

Patients receiving 
mechanical 
thrombectomy 

PKA (Gy *cm2) 

Number of 
thrombectomy 

attempts 

Patients, 
n 

Mean (SD) Median IQR MIN-MAX 

1 84 139,1 (109,7) 112,5 77,0-161,5 33,1-810,7 

2 32 163,8 (70,4) 134,1 108,6-203,5 65,1-306,4 

3 15 302,7 (150,1) 323,1 187,2-379,2 123,3-649,1 

4 11 361,9 (102,4) 346,7 306,4-408,3 174,2-544,5 

5 6 264,6 (108,8) 265,8 173,3-373,4 116,3-387,9 

> 5 5 347,3 (68,2) 357,6 306,5-366,7 250,3-455,6 

 

Analysing the fluoroscopy time, the values present the same variation as previously 

seen. Procedures with one thrombectomy attempts have the smallest amount of time. 

 

Fluoroscopy time increased per each additional thrombectomy attempt, and was 

different when comparing the values of one or two thrombectomy attempts (median 

(IQR), in minutes; FT1, 11 min (7-16) and FT2, 14 min (11-19). An additional third, or 

fourth thrombectomy attempt led to higher increase (FT3, 29 min (22-39); and FT4, 37 

min (27-39)). There are not enough data to assume that the difference, when comparing 

EST with five thrombectomy attempts or more than five, is significant. (see Table 11). 
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Table 11 – Fluoroscopy time (FT) of endovascular stroke treatment according to the number of thrombectomy 
attempts. 

Patients receiving 
mechanical thrombectomy FT (min) 

Number of 
thrombectomy 

attempts 
Patients, n 

Mean 
(SD) 

Median IQR MIN-MAX 

1 84 14 (13) 11 7-16 3-102 

2 32 16 (8) 14 11-19 3-42 

3 15 32 (15) 29 22-39 11-65 

4 11 32 (9) 37 27-39 14-44 

5 6 28 (9) 31 20-36 15-37 

>5 5 31 (6) 30 30-35 22-40 

 

 

Based on the results of this study, radiation exposure values of the 75th percentile were 

set as a reference level per number of thrombectomy attempts for this patient cohort and 

90th percentile of this patient cohort was defined as well, and presented in the next table. 

 

Table 12 – 75th percentile and 90th percentile of the dose area product (PKA),  in Gy cm2, per number of 
thrombectomy attempts. 

THROMBECTOMY 
ATTEMPTS 

P75  
(Gy cm2) 

P90 
(Gy cm2) 

1 161,5 249,7 

2 203,5 294,8 

3 379,2 487,4 

4 408,3 523,8 

5 373,4 387,4 

> 5 366,7 420,1 

 

 

In a closer look to Table 10, the group of data collected was not enough to establish the 

Diagnostic Reference Levels for three attempts (n = 15 patients), four (n = 11 patients), 

five (n = 6 patients), and more than 5 attempts (n = 5 patients). It was necessary to 

regroup the thrombectomy attempts, and therefore, create a group that has enough data 

for each attempt. 
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.  

Figure 20 – Representation of the PKA data in ET procedures per thrombectomy attempt. 

 

Figure 20 shows the new group formation of the ET PKA groups, based on thrombectomy 

attempt, but having a number of patients sufficiently big to deduce results, and, therefore, 

a table of diagnostic reference levels of this study is presented in the next Table 13. 

 

Table 13 – 75th percentile (proposed diagnostic reference levels) and 90th percentile, mean and median of the dose 
area product (PKA),  in Gy cm2, per number of thrombectomy attempts. 

THROMBECTOMY 
ATTEMPTS 

PATIENTS 
n 

MEAN 
(Gy cm2) 

MEDIAN 
(Gy cm2) 

P75 
(Gy cm2) 

P90 
(Gy cm2) 

1 84 139,1 112,5 161,5 249,7 

2 32 169,0 129,9 203,5 294,8 

≥ 3 37 320,1 332,9 387,0 479,2 
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After the analysis of the PKA, an analysis of the cumulative Air Kerma will be done. The 

dose report of each procedure gives the cumulative frontal air kerma and the cumulative 

lateral air kerma, individually, as the two arms of the biplane are usually placed ninety 

degrees apart from each other. 

 

Table 14 – Frontal and Lateral Ka,r of the ET procedures. 

Frontal Ka,r Number (Gy) 
 

Lateral Ka,r Number (Gy) 

MIN 0,2 
 

MIN 0,1 

MAX 3,8 
 

MAX 2,8 

MEAN 0,9 
 

MEAN 0,4 

MEDIAN 0,6 
 

MEDIAN 0,3 

SD 0,7 
 

SD 0,4 

P75 1,1 
 

P75 0,5 

P90 1,8 
 

P90 0,8 

 

The air kerma at the patient entrance reference point is given by the biplanar system, 

and the values are not presented as a sum. The frontal Ka,r has a maximum above 3 Gy, 

and according to international guidelines, maximum cumulative absorbed doses that 

appear to approach or exceed 3 Gy should be recorded in the patient report, and there 

should be a patient follow-up procedure for such cases. The lateral Ka,r of all patients 

always stayed below 3 Gy. 

 

All procedures that had cumulative air kerma above 3 Gy were identified and sent to the 

Commission of Protection against Ionising Radiation inside the hospital, where the 

Medical Physics Expert did further analysis and calculations to access the peak skin 

dose to the patient. If the dose effectively exceeds the limit, the Assistant Physician 

receives notification to evaluate the patient periodically. 

 

After this primary analysis, it was necessary to evaluate the results of this study regarding 

the Diagnostic Reference Levels that were already proposed by other centres that 

perform similar Endovascular Thrombectomy procedures. Therefore, a comparison is 

made with the most recent and similar studies of the literature presented in Table 6, to 

place this study among its peers. 
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Table 15 – Comparison of studies – literature and this study. 

STUDY 
CENTRE 

TYPE 

DOSE 
REDUCTION 

SYSTEM 

PATIENT 
(n) 

PROCEDURE ATTEMPT 
PKA 

(Gy cm2) 

D’Ercole 
et al 

(2012) 
single no 

113 
Cerebral 

Angiography 
- 180 

82 
Embolization 

of 
Cerebral aneurysms 

- 487 

Farah 
et al 

(2019) 
single no 319 

Endovascular 
Thrombectomy 

1 100 

2 158 

≥ 3 217 

Total 162 

Weyland 
et al 

(2020) 
single no 544 

Endovascular 
Thrombectomy 

1 107 

2 156 

3 184 

4 244 

5 295 

Guenego 
et al 

(2019) 
multi 

yes 520 Endovascular 
Thrombectomy 

Total 148 

no 576 Total 187 

This 
project 
(2022) 

single no 

84 

Endovascular 
Thrombectomy 

1 162 

32 2 204 

37 ≥ 3 387 

153 Total 252 

 

 

 

VIII.II – SECONDARY ANALYSIS 

 

Analysing patients with radiation exposure above the 90th percentile (n = 16/153 patients, 

10.5%), a difficult anatomical access to the occlusion and periprocedural complications 

were found as main factors prolonging the procedure, requiring additional imaging, and 

thereby increasing radiation exposure. Those complications were based on the difficulty 

to reach the permeability of the occluded vessel, as there was no limit to the 

thrombectomy attempts. 

 

Focusing the analysis of the 136 cases of total successful reperfusion, values have slight 

variations, and may be considered when the diagnostic reference levels are proposed. 
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Table 16 – Data analysis of the 136 patients with total reperfusion after ET 

ATTEMPT 
PATIENTS 

n 
P75 

(Gy cm2) 
P90 

(Gy cm2) 
MEDIAN 
(Gy cm2) 

MAX 
(Gy cm2) 

MIN 
(Gy cm2) 

MEAN 
(Gy cm2) 

1 80 146,5 207,6 108,9 550,63 33,1 125,4 

2 30 206,0 298,6 134,1 306,4 65,1 164,3 

≥ 3 26 364,4 451,2 329,0 544,5 123,3 302,0 

 

To allow a more instant visualization of the results, it is presented a graphic 

representation of the 136 patients that had total successful reperfusion on their 

procedure.  

 

 

Figure 21 – Representation of the PKA in total successful reperfusion data per thrombectomy attempt. 

 

Finally, an analysis of the more experienced neurointerventionalists of this single 

centre was made and its values presented in the next table. 
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Table 17 – Analysis of EST per Experienced Neurointerventionalist 

Data 
Analysis 

Experienced Neurointerventionalists 

P1 P2 P3 P4 

EST n = 50 n = 37 n = 33 n = 26 

Total 
Recanalization 

n = 48 (96%) n = 33 (90%) n = 28 (85%) n = 21 (81%) 

Attempts 

1 n = 32 n = 19 n = 17 n = 14 

2 n = 12 n = 9 n = 2 n = 5 

3 n = 2 n = 3 n = 7 n = 3 

4 n = 1 n = 4 n = 6 n = 0 

≥ 5  n = 3 n = 2 n = 1 n = 4 

Median 
PKA 104.6 Gy cm2 193.4 Gy cm2 188.4 Gy cm 2 180.8 Gy cm2 

FT 9 min 17 min 20 min 20 min 

 

After this analysis, it was necessary to understand if there is any change in the PKA 

regarding the period of the day that the procedure was performed. During the day (08:00 

– 20:00), neurointerventionalists team up, but, in the night shift (20:00 – 08:00), only one 

is scheduled. The analysis is presented in the next table. 

 

Table 18 - PKA analysis of ET procedures, during the day. 

PKA 

(day/night) 

P75 
Gy cm2 

P90 
Gy cm2 

P25 
Gy cm2 

MEDIAN 
Gy cm2 

MAX 
Gy cm2 

MIN 
Gy cm2 

MEAN 
Gy cm2 

08:00 - 20:00 243,0 381,3 95,2 136,4 810,67 33,1 187,7 

20:00 - 08:00 287,1 345,5 102,2 145,2 649,1 42,5 188,7 

 

To emphasize those differences, a graphic representation of PKA values, depending on 

the period of the day that ET procedures are performed, is presented in the next figure. 
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Figure 22 - Graphic representation of the radiation exposure, during ET procedures, depending on the period of the 
day. 

 

This analysis brought another question, regarding the cumulative fluoroscopy time, 

which is presented in the following table. 

 
Table 19 - FT analysis of ET procedures, during the day. 

FT 
(day/night) 

P75 

(min) 

P90 
(min) 

P25 
(min) 

MEDIAN 
(min) 

MAX 
(min) 

MIN 
(min) 

MEAN 
(min) 

08:00 - 20:00 25 37 9 15 102 3 19 

20:00 - 08:00 24 37 11 17 65 4 20 
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IX – DISCUSSION 

 

This analysis allows a report of radiation exposure during EST and derives reference 

levels depending on the number of thrombectomy attempts for 1 to 5 EST attempts from 

a single centre study patient cohort (n = 153). 

 

As expected, a stepwise increasing radiation exposure and fluoroscopy time from 

thrombectomy attempts 1 to 3 were observed. However, there was not a significant 

increase in radiation exposure in the next steps per thrombectomy attempts. This fact 

was surprising, but the number of cases was insufficient to deduce reasons. 

 

A previous single-centre study of n = 319 patients, Farah et al analysed radiation 

exposure of EST to identify factors influencing radiation exposure. They found an overall 

median PKA for EST of 94 Gy cm2 with a median number of thrombectomy attempts of 2 

and suggested a reference level for all procedures of 162 Gy cm2 (Table 17). 26 

 

These data are comparable with the overall median PKA for EST observed in the patient 

cohort reported in the current project, 138,6 Gy cm2 (Table 9). However, the median PKA 

for EST with two thrombectomy attempts has a higher value of 134.1 Gy cm2 (Table 10). 

Additionally, the overall median number of thrombectomy attempts, in this study, was 1 

(Table 9). 

 

Another previous single-centre study of n = 544 patients, Weyland et al analysed 

radiation exposure per thrombectomy attempt in modern endovascular stroke treatment 

in the anterior circulation to quantify radiation exposure and determine causes for 

interventions associated with high RE. They concluded that RE of EST is dependent on 

the number of thrombectomy attempts and this number should define reference levels 

as means for quality control in hospitals performing endovascular stroke treatments. 

 

They suggested 107 Gy cm2, 156 Gy cm2, 184 Gy cm2, 244 Gy cm2, and 295 Gy cm2 for 

1 to 5 maneuvers, respectively, for EST of the anterior circulation (see Table 17). 

Additionally, they pointed a probable cause for high RE to be periprocedural 

complications and difficult anatomical access. 22 
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The values of 75th percentile, shown on Table 12, do not grow from one to five 

maneuvers, due to the lack of cases on each thrombectomy attempt. To achieve a 

reasonable number of cases, and therefore, the values to determine Diagnostic 

Reference Levels, the data were reorganized and placed from one to three or more 

attempts, in Table 13. 

 

Farah et al also suggested that the number of thrombectomy attempts is a factor 

influencing RE, but they do not propose reference levels by thrombectomy attempts. The 

75th percentile of PKA was merely given for 1 and 2 attempts and reported to be 100 Gy 

cm2 and 158 Gy cm2, which is comparable to Weyland study and this manuscript (see 

Table 16). In this project, 75th percentile values are higher than the values presented by 

Weyland, and so there is some margin for optimization.  

 

However, first it is necessary to investigate the reasons for 75th percentile values higher 

than in the literature. The possible reasons may be connected to the equipment, its age, 

the absence of a dose reduction system, and non-optimized acquisition protocols 

(automatic Air Kerma Rate settings). On the other hand, the possible reasons may also 

be connected to the complexity of the procedures, as this study included procedures with 

high complexity, and endovascular thrombectomy in more than one location. The 

literature presents a bigger amount of data, and therefore, the studies were made with 

data that is specific to one occlusion for ET procedures, and excluded data of complex 

procedures. Another reason for increased complexity could be related to the period of 

time of the collection of data in this study, regarding the pandemic outbreak. A full 

investigation would require more data and is outside the scope of this project. 

 

As previously mentioned, any optimization of acquisition protocols (like automatic Air 

Kerma Rate settings) must be done with extreme caution, and in very small increments 

and steps, to avoid the risk of obtaining images of insufficient quality, at a critical moment, 

during a procedure. 

 

Guenego et al presented a multi-centre study focused on the reduction of RE by using a 

specific radiation dose-reduction software in n = 520 procedures compared with n = 576 

endovascular stroke treatments without such a system. They determined reference 

levels for EST with dose-reduction software in use as 148 Gy cm2 and without using the 

software as 187 Gy cm2 (Table 17). There is no specification regarding the RE per 

number of thrombectomy attempts, as well. 21 
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The diagnostic reference levels of the previous study are comparable to the overall 

median PKA of this project. 

 

Weyland et al found that radiation exposure of EST with more than three thrombectomy 

attempts (n = 139/544 (25.6%) patients) was on average higher than the reference level 

proposed by Guenego et al. In their analysis, RE nearly doubles when three 

thrombectomy attempts were necessary, compared with single-maneuver interventions. 

22 

 

As Weyland et al, in the current project, radiation exposure of EST with more than three 

thrombectomy attempts (n = 37/153 (24.2%) patients) is on average higher than the 

reference level proposed by Guenego et al (Table 13). The RE doubles when three 

thrombectomy attempts are necessary, compared with single-attempt interventions 

(Figures 19). In addition, the number of procedures with four, five or more maneuvers 

are not enough to establish a pattern, as the RE when five thrombectomy attempts are 

necessary (n = 6/153 (3.9%) patients) presents lower than RE when three (n = 15/153 

(9.8%) patients), four (n = 11/153 (7.2%) patients) or more than five (n = 5/153 (3.3%) 

patients)  thrombectomy attempts are necessary (Table 12 and Figure 19). 

 

Weyland et al also tried to establish reference levels per subgroup of attempts and 

defines that each subgroup should have, at least, twenty-five cases. However, as 

previously mentioned in the current study, some subgroups are smaller. The reference 

levels provided in this analysis are only a threshold for this single-centre experience. To 

establish valid reference levels for EST, it is mandatory a multi-centre study. 

 

In this study, according to Table 10, the median value of  PKA for one or two attempts is 

within the reference levels established by Farah et al of 170 Gy cm2. 

 

However, there were some PKA values that were higher and were outside the expected 

values. Two of those values match the two Ka,r values above 3 Gy, and as a result, their 

procedures are going to be analysed. 

 

Analysing the overall air kerma at the patient entrance reference point, Ka,r, there is a 

maximum value of 3.8 Gy in the cumulative frontal Air Kerma. This procedure had three 

thrombectomy attempts and was extraordinarily complex: this patient had a bulbar 

carotid occlusion and clots in the left ICA, A1 and left M1. The complexity of this 
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procedure was very high, and it was very difficult to pass though the occluded A1. After 

that, another step back with a ruptured vessel that needed embolization. The procedure 

had aspiration technique, several angiography series to locate the clots and angioplasty 

treatment. The cumulative fluoroscopy time achieved one hour, five minutes and ten 

seconds. However, in the end, it was a partial thrombectomy, mTICI of 2a. This 

procedure had a PKA of 649,1 Gy cm2, which matches the second highest value. 

 

The other procedure that had a cumulative air kerma above 3 Gy, with a frontal Ka,r of 

3.3 Gy, in a complex ET procedure of an occlusion of a left ICA, with three attempts to 

pass though the obstruction and one thrombectomy attempt, using a stent-retriever, was 

the procedure with the highest PKA value of 810,7 Gy cm2. During the procedure, a 

pseudoaneurysm with loops was observed near the base of the skull, in the left ICA. The 

procedure to find the true lumen was very complex and difficult. The cumulative 

fluoroscopy time was one hour, forty-two minutes and twenty-two seconds, during thirty-

one runs of series of images, to achieve partial thrombectomy, with mTICI of 2a. 

 

Analysing only the procedures which result was total recanalization, more than half of 

the EST procedures had 1 attempt (n = 80/136 (58.8%) patients), 30 procedures were 

performed in 2 attempts (n = 30/136 (22.1%) patients), 12 procedures were performed 

in 3 attempts (n = 12 (8.8%) patients), and 14 procedures had more than 3 attempts (n 

= 14 (10.3%) patients) to conclude the procedure. 

 

Focusing the analysis on the top four more experienced neurointerventionalists, the ones 

that have at least 25 procedures performed, there are a total of 146 procedures 

performed by them, in a total of 95.4%. 

 

The most experienced physician of the team, P1, who performed EST in 50 patients (n 

= 50/153 (32.7%) patients), has 96.0% (n = 48/50) of total recanalization as a procedure 

result. This neurointerventionalist achieved total recanalization in 1 attempt in 32 patients 

(n = 32/50 (64.0%) patients), and in 2 attempts in 12 patients (n = 12/50 (24.0%) 

patients). Therefore, radiation exposure of EST has a median value of 104.6 Gy cm2, 

and the median fluoroscopy time is 9 minutes. 

 

The second most experienced physician of the team, P2, who performed EST in 37 

patients (n = 37/153 (24.9%) patients), has 89.2% (n = 33/37) of total recanalization as 

a procedure result. This neurointerventionalist achieved total recanalization in 1 attempt 
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in 19 patients (n = 19/37 (51.4%) patients), and in 2 attempts in 9 patients (n = 9/37 

(24.3%) patients). Thus, radiation exposure of EST has a median value of 193.4 Gy cm2, 

and the median fluoroscopy time is 17 minutes. 

 

The third most experienced physician of the team, P3, who performed EST in 33 patients 

(n = 33/153 (21.6%) patients), has 84.9% (n = 28/33) of total recanalization as a 

procedure result. This neurointerventionalist achieved total recanalization in 1 attempt in 

17 patients (n = 17/33 (51.5%) patients), in 2 attempts in 2 patients (n = 2/33 (6.1%) 

patients), and in 3 attempts in 7 patients (n = 7/33 (21.2% patients). Consequently, 

radiation exposure of EST has a median value of 188.4 Gy cm2, and the median 

fluoroscopy time is 20 minutes. 

 

Last but not the least, the fourth most experienced physician of the team, P4, who 

performed EST in 26 patients (n = 26/153 (17.0%) patients), has 80.8% (n = 21/26) of 

total recanalization as a procedure result. This neurointerventionalist achieved total 

recanalization in 1 attempt in 14 patients (n = 14/26 (53.9%) patients), in 2 attempts in 5 

patients (n = 5/26 (19.2%) patients), and in 3 attempts in 3 patients (n = 3/26 (11.5%) 

patients). As a result, radiation exposure of EST has a median value of 180.8 Gy cm2, 

and the median fluoroscopy time is 20 minutes. 

 

After this analysis, it was relevant to take a closer look at the PKA during the day. As 

previously mentioned, between 08:00am and 08:00pm, the team has two experienced 

neurointerventionalists. They share the procedure and help each other to achieve the 

best outcome possible for the patient. However, by night (08:00pm until 08:00am) only 

one is on call. Table 18 shows actual difference on PKA values of P75, mean and median, 

between these two periods. These values suggest that the period of the day has 

influence on PKA and maybe a team up of two Neurointerventionalists on call could be 

more effective to minimise PKA values, and, therefore, the radiation exposure. In addition, 

Table 19 shows a variation in fluoroscopy times of one or two minutes in these two 

schedules that seem to be related to the total radiation exposure. 

 

Establishing diagnostic reference levels per number of thrombectomy  attempts allows 

stroke centres to search for reasons of high radiation exposure. Above the 90th percentile 

of this patient cohort, procedural complications and anatomical difficult vascular access 

were identified as possible reasons for high radiation exposure. 
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The neurointerventionalist writes a report after the procedure where every point and 

small detail is explained. This documentation also includes causes for high radiation 

exposure, which provides knowledge for neurointerventionalists and contributes to 

quality assurance. 

 

In addition, reference levels do not represent limits to stop a treatment and endovascular 

stroke treatment is crucial to recanalize intracranial vessel occlusions to give patients the 

best outcome for clinical recovery. 

 

Meanwhile, further research is still necessary to characterize the radiation exposure 

during EST in different settings, and challenging or extremely complicated cases of EST 

will be associated to a higher radiation exposure, except if imaging technique during the 

procedure can be changed.  

 

 

IX.I – LIMITATIONS 

 

The limitations of this project are related to be a single centre retrospective analysis. The 

results of this study are limited and depending on the local setting. Therefore, reference 

levels for EST should be further investigated in a multicentre approach.  

 

Another point was the use of a dose-reduction system, which was not given in this study, 

but it could decrease the radiation exposure and it could contribute to the control of 

radiation exposure in EST in comprehensive stroke centres. 

 

Comparing to studies related to other parts of the body, this study did not obtain the 

patient body mass index as a factor of radiation exposure. This index should influence 

radiation exposure in diagnostic and interventional imaging of the thorax, abdomen, and 

pelvis, but it has a minor influence on RE in head and neck procedures. In their study, 

Miller et al suggested to establish reference levels in intervention neuroradiology without 

a weight correction. 27 

 

Last but not the least, this data was collected during the COVID-19 pandemic outbreak, 

where patients were afraid to ask for help, and hospitals were overflowed with people 

with coronavirus. These facts lead to an increase in time between first symptoms and 

the EST, relative to what is typical. The isolation of the population prevented them to 
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have someone near to identify the symptoms and ask for help, and therefore, some of 

these patients did not arrive at the hospital in the therapeutic window to be treated. In a 

normal year, the number of EST performed could be higher. 
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X – CONCLUSION 

 

This project is a single centre retrospective study of n = 256 patients, and it reports an 

increase in radiation exposure during EST, depending on the number of thrombectomy 

attempts. In this study, it is possible to establish diagnostic reference levels per 

thrombectomy attempt, for EST with one to three or more thrombectomy attempts. 

 

The proposed local diagnostic reference levels (DRL) for Endovascular Thrombectomy 

are: 161.5 Gy cm2 for one thrombectomy attempt, 203.5 Gy cm2 for two thrombectomy 

attempts, and 387.0 Gy cm2 for three or more attempts. 

 

The collected data suggests a relationship between radiation exposure and period of the 

day that ET is performed, as the PKA median values are lower during the day, with a team 

scheduled to work together. 

 

The highest radiation exposures found in the studied data set were associated with 

procedural complications and difficult anatomical vessel access. 

 

Establishing diagnostic reference levels and further investigation on reasons of higher 

radiation exposure would be helpful as general operating standard in angiography 

procedures, and thereby become a quality control standard in comprehensive stroke 

centres. 

 

In this project, the objectives were accomplished, despite the amount of time that 

collecting the data consumed. It would be interesting to do another review of the data 

that includes, at least, the double of the amount of time available for this study. 
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