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Abstract  

 

Background: According to Italian legislation to diagnose brain death (BD) after the initial documentation of 

the clinical signs, repetition of clinical testing and confirmation of the loss of bioelectrical activity of the brain 

(EEG) is required. However, when EEG is unreliable it is necessary to demonstrate cerebral circulatory arrest 

(CCA). Accepted imaging techniques to demonstrate CCA include: cerebral angiography, cerebral scintigraphy, 

transcranial Doppler (TCD) and computed tomography angiography (CTA). This latter technique, due to its 

large availability, low invasivity and easy and fast acquisition is widely used over the country. Nevertheless its 

diagnostic reliability is affected by some limitations in patients with decompressive craniectomy.  

Methods and Results: Here we report two cases of brain injury with clinical signs of BD and at the same time, 

opacification of intracranial arteries on CTA and a pattern consistent with flow arrest on the corresponding 

insonable arteries on TCD.  

Conclusion: The discrepancy between CTA and TCD results points out a methodology limitation that could be 

overcome by updating Italian legislation according to other European Countries legislation. 
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Introduction 

A factor limiting organ donation in Italy is the availability of suitable brain-death (BD) organ donors. Italian 

legislation defines the diagnostic procedures for determining BD (Law no. 578 dated 29/12/1993 and 

Ministerial Decree no. 582 dated 22-Aug-1994 recently updated by Ministerial Decree dated 11/04/2008): after 

initial documentation of the clinical signs of BD, repetition of clinical testing and confirmation of the loss of 

bioelectrical activity of the brain is required. However, some cases need demonstration of cerebral circulatory 

arrest (CCA) such as children under one year and clinical situations which do not allow a definite 

aetiopathogenetic diagnosis or are likely to interfere with the overall clinical-instrumental findings, including 

the presence of CNS depressants, facial or head trauma or recent surgery which may prevent recording of brain 

electrical activity or testing of brain stem reflexes.  

According to Italian legislation each hospital can choose the method to confirm CCA depending on technical 

instrumentation and personnel skills available. The National Advisory Committee on Organ Transplantation 

(NACOT) recently drafted guidelines for the application of instrumental cerebral blood flow (CBF) evaluation, 

updated to 20/02/2009. Accepted imaging techniques for the measurement of CBF include: cerebral 

angiography, cerebral scintigraphy, transcranial Doppler (TCD) and CT angiography (CTA).1-6 This latter 

technique, due to its large availability, low invasivity and easy and fast acquisition is widely used over the 

country.5-6 Nevertheless its diagnostic reliability is affected by some limitations. Here we report two cases of 

brain injury with clinical signs of BD and at the same time, opacification of intracranial arteries on CTA and a 

pattern consistent with flow arrest on the corresponding insonable arteries on TCD. 

 

Case 1.  

A 38 year old patient was admitted to our emergency department after a motorcycle accident. On arrival he was 

on cardiac arrest. An advanced cardiac life support was immediately performed until return of spontaneous 

circulation (ROSC) after 10 minutes of chest compressions. On stabilization of vital signs, the GCS was 3. An 

urgent CT scan detected a large subdural haematoma within the left hemisphere causing midline shift and 

compression over homolateral ventricular system. In association there were basilar skull and cervical vertebrae 

fractures. A consultant neurosurgeon decided for an emergency decompressive craniectomy and evacuation of 

the subdural haematoma. Thereafter he was transferred to our ICU for specific monitoring and management. On 

admission he was unconscious, without reaction to painful stimuli.  Pupils were 1mm and did not respond to 

light.  Corneal reflexes were absent.  Spontaneous respiration was insufficient so artificial ventilation was 

continued. He was treated according to the local protocol for the treatment of acute brain injury aiming at 

maintaining adequate cerebral perfusion.  The CBF was monitored daily with TCD (Multi-Dop® Digital, 

Compumedics DWL, Germany).  On day five the clinical examination fulfilled the criteria for BD but 
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according to the consultant neurophysiologist a complete electrode coverage for EEG was not accessible due to 

the recent craniectomy. 

The TCD conducted using both temporal acoustic windows revealed intracranial bilateral blood flow through 

the middle cerebral artery (MCA) and the anterior cerebral artery (ACA), with left prevalence. Since insonation 

of the subtentorial arteries was difficult for the risk of dislocation of cervical fractures, a TCA was asked. This 

exam was carried out by a 64-slice volumetric CT Scanner (GE Fairfield, CT - USA) and demonstrated CBF 

through the main intracranial arteries despite a threadlike opacification of the basilar artery (BA). Fig. 1a. 

The day after a new TCD showed bidirectional flow at both MCAs level, systolic spikes at the left ACA level, 

impossibility to insonate the right ACA.  According to the NACOT guidelines, these criteria suggest flow 

arrest. Nevertheless an evaluation of distal vertebral arteries and BA is needed. A new CTA showed internal 

carotid artery (ICA) and MCA opacification on the side of craniectomy. On the opposite side the absence of 

filling from the petrous portion of the ICA was shown. Fig. 1b. 

 

Case 2. 

A 36 year old man was admitted after a car accident. On arrival the patient was unconscious, unable to react to 

any stimulus, his pupils were non reactive. He was spontaneously breathing, SpO2 was 98% on oxygen but his 

blood gas analysis revealed acidosis.  After intubation and hemodynamic stabilization a CT scan showed a left 

occipital skull fracture with an epidural left temporal haemorrhage associated with intraparenchymal petechial 

haemorrhage. 

The patient underwent an emergency fronto-temporo-parietal craniectomy and evacuation of the haematoma. 

Intraoperative findings showed a linear skull fracture extending across a venous sinus causing extensive 

bleeding. 

He was transferred to our ICU without any change in neurological assessment. He maintained mechanical 

ventilation but spontaneous breathing was present. He was treated according to the same local protocol applied 

before and CBF was monitored daily with TCD. After 7 days he developed the clinical criteria for BD. As 

before, the EEG was technically unfeasible due to the recent surgery. The TCD showed bilateral bidirectional 

flow reversing on MCAs and systolic spikes at the posterior cerebral arteries level.  

Again, the insonation of subtentorial arteries was hazardous for the presence of cervical fractures. The CTA 

showed bilateral opacification of the petrous portion of ICAs. (Fig 2) 

In both patients cardiac death occurred few days after. During this period, they never fulfilled the CTA criteria 

to diagnose CCA. 

Results 
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The ancillary tests here described were performed according to Italian legislation and NACOT guidelines. 

Nevertheless their results were discrepant. Namely, bidirectional flow in TCD was confirmatory of flow arrest 

on insonable arteries whereas the CTA revealed opacification of corresponding intracranial arteries. We could 

not diagnose BD in these two potential organ donors.  

 

Discussion 

BD in Italy is defined as “the irreversible loss of all the functions of the brain”. CBF measurements are 

necessary in some particular cases defined in Law no. 578 dated 29/12/1993.1 The D.M. 582/94 and to the 

NACOT guidelines define very strictly methods and times for the correct execution of CTA leading to more 

accurate standardization and leaving less space to subjectivity in the interpretation of the exam.  Nevertheless, 

when intracranial pressure is lowered by craniectomy, opacification of intracranial arteries on CTA may occur 

despite circulation is affected. 

With its rate of 21.9 organ donors PMP, Italy is the third country within the European Union regarding organ 

donation, after Spain (29.2) and France (22.8).7 However the rate of organ donation can increase: according to 

the Italian National Institute of Statistics, deaths from road accidents in 2010 in Italy have been 4,090. The 

mean age of deaths for males was 20-24 years, but high rates of deaths were also registered within 25 to 29 and 

30 to 34.8 Some considerations may derive from these numbers: first, the population considered is quite young, 

being then ideal potential organ donors. Second, in our experience, patients involved in road accidents are more 

likely to present to the emergency department with cerebral mass lesions needing emergency surgery. 

Emergency evacuation of a mass lesion is generally combined with decompressive craniectomy to favour brain 

perfusion. Despite the craniectomy by itself is not a factor affecting the reliability of EEG, a large recent 

craniectomy, mostly if brain swelling is present, can interfere with minimum technical standards to perform 

EEG causing its unreliability or unfeasibility. This is one of the cases contemplated by Italian law, in which the 

evaluation of cerebral blood flow is mandatory. As CTA is emerging as the alternative to conventional 

angiography, its diagnostic limitations in patients with decompressive craniectomy may be an important 

limiting factor for organ procurement in our country.  

The main factor limiting organ donation in Italy is the lack of family consent, whereas preconceived attitudes 

about this issue can interfere with the final decision and socio-economic and socio-demographic variables 

(patient’s age, cause of death, race) and religious belief play a significant role. Educational efforts should be 

increased to overcome these limitations, however the results may require a long period of time to be 

measurable. An upgrade of the current interpretative guidelines for BD diagnosis can give faster results, 

although less significant. 
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We are not the first to report that decompressive craniectomy may affect the diagnosis of BD with CTA. 

Berenguer et al. noted that decompressed patients with a clinical BD and absence of brain perfusion 

demonstrated with nuclear medicine perfusion test, showed minimal flow on CTA.9  Dupas et al.  in 1998 

defined the criteria for BD diagnosis with spiral CT. They noted that in BD the pericallosal and terminal 

arteries of the cortex, the internal cerebral veins, the great cerebral vein and the straight sinus did not opacify on 

spiral CT.10 Since then, several studies permitted French legislation to define the actual criteria for BD 

confirmation by CTA based on the lack of opacification of 7 intracerebral vessels. On these basis Frampas et al. 

constructed a 4-point CTA score based on the lack of opacification of 4 cerebral vessels on the CT scan 

acquired starting 60 seconds after the contrast medium injection commenced.11 In the specific case of 

decompressive craniectomy, the French Society of Neuroradiology recommends  that, if  arterial  opacification 

occurs, the deep venous network should be evaluated and  BD can be confirmed in the absence of opacifcation 

of the left and right internal cerebral  veins and of the great cerebral vein. In Spain, CTA is accepted as 

confirmatory test for diagnosing brain death. Again, the study of the venous flow is required, although Spanish 

guidelines do not enter in the specific case of decompressive craniotomy. 12,13 

We did not perform the evaluation of venous drainage as acquisition starting 20 seconds after the contrast 

medium injection is recommended by Italian guidelines for the diagnosis of CCA by CTA. Nevertheless, the 

only evaluation of artery phase can be misleading, showing “opacification” which may not mean “circulation”.  

In our cases, the cerebral arteries that opacified on CTA, evaluated by TCD showed a pattern consistent with 

absence of flow.  On the contrary, there are reports of false-negative results in cases of skull defects using TCD 

to detect CCA in brain death with flat EEG 14. In addition, the need for confirmatory testing has been 

questioned by some authors who claim that no test can provide documentation of a loss of all neuronal 

functions for the definition of brain death, therefore confirmatory tests are useless15. In Europe there is fairly 

uniform agreement regarding the criteria for the clinical evaluation of brain death, although there is 

considerable variation in the use of additional confirmatory tests accepted by law and in their interpretative 

criteria. 

We believe that caution is needed in this important matter, and that the law should guarantee for life as indeed 

the Italian law does. However, improvement is always possible: if the mere filling of intracranial arteries does 

not indicate the adequacy of perfusion, the study of the venous phase could improve the sensitivity of CTA 

leaving no room for individual interpretation, which could cause serious ethical concerns. 

 The discrepancy between CTA and TCD results in our cases points out a methodology limitation that could be 

overcome both, by updating Italian legislation according to other European Countries legislation such as French 

or Spanish, or by performing ancillary tests evaluating cerebral perfusion rather than cerebral flow. Italian law 

accepts cerebral scintigraphy to evaluate cerebral perfusion. The main limitations of its use are the scarce 
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availability, the longer duration of the exam and the associated risk and difficulty of transporting the unstable 

BD patient to the nuclear medicine suite. CTA is preferred because of its accessibility, simplicity, widespread 

use, ease of interpretation and reproducibility. 9,11 

 

Conclusions 

Acknowledging the existing limitations in this field, we are still far from the perfect tool to assess complete 

neuronal death. Nevertheless, further research validating current or evolving techniques of brain blood flow 

imaging can improve their diagnostic sensitivity and specificity. 

 

 

 

 

 

 

Key messages 

1. In cases of skull defects such as decompressive craniectomy, the increase in ICP may partially be 

compensated for, therefore CTA to detect CCA may lead to false-negative results, showing 

opacification of intracranial arteries. 

2. This limitation can be overcome by the study of the deep cerebral venous flow by TCA, as suggested by 

the legislation of other European countries. 

3. The study of the venous phase could improve the sensitivity of CTA leaving no room for individual 

interpretation. 

4. The eventual updating of Italian legislation could help to increase the rate of organ procurement in our 

country. 



COPYRIGHT© 2013COPYRIGHT© 2013COPYRIGHT© 2013COPYRIGHT© 2013 EDIZIONI MINERVA MEDICA EDIZIONI MINERVA MEDICA EDIZIONI MINERVA MEDICA EDIZIONI MINERVA MEDICA    

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only 

one file and print only one copy of this Article. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the 

Article for any purpose. It is not permitted to distribute the electronic copy of the article through online internet and/or intranet file sharing systems, electronic 

mailing or any other means which may allow access to the Article. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of 

derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not permitted. It is not permitted to remove, cover, 

overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to frame or use framing 

techniques to enclose any trademark, logo, or other proprietary information of the Publisher. 

References 

1. Centro Nazionale Trapianti -Linee guida relative all’applicazione delle indagini strumentali di flusso ematico 

cerebrale. Revisione del D.M. 11 aprile 2008 “Aggiornamento del Decreto Ministeriale 22 agosto 1994, 

n°582, relativo al regolamento recante modalità per l’accertamento e la certificazione di morte”. Febbraio 

2009 

2. Assessment: transcranial Doppler. Report of the American Academy of Neurology, Therapeutics and 

Technology Assessment Subcommittee. Neurology. 1990; 40:680-1  

3. Ducrocq X, Hassler W, Moritake K, Newell DW, von Reutern GM, Shiogai T et al. Consensus opinion on 

diagnosis of cerebral circulatory arrest using Doppler-sonography: Task Force Group on cerebral death of the 

Neurosonology Research Group of the World Federation of Neurology. J Neurol Sci. 1998; 1159:145-50 

4. Wijdicks EF. The diagnosis of brain death. N Engl J Med. 2001;344:1215-21.  

5. Leclerc X. Groupe de relecture. CT angiography for the diagnosis of brain death: recommendations of the 

French Society of Neuroradiology (SFNR). J Neuroradiol. 2007;34:217-9 

6. Tatlisumak T, Forss N. Brain death confirmed with CT angiography. European  

Journal of Neurology, 2007;14:42-43 

7. http://www.salute.gov.it/pubblicazioni/ppRisultato.jsp?id=1869  - Attività donazione e trapianto - Dati 

preliminari al 31 ottobre 2012  

8. http://www.istat.it/it/archivio/44757- Incidenti stradali 

9. Berenguer CM, Davis FE, Howington JU. Brain death confirmation: comparison of computed tomographic 

angiography with nuclear medicine perfusion scan. J Trauma. 2010;68:553-9 

10. Dupas B, Gayet-Delacroix M, Villers D, Antonioli D, Veccherini MF et al. Diagnosis of brain death using 

two-phase spiral CT. AJNR Am J Neuroradiol. 1998;19:641-7 

11. Frampas E, Videcoq M, de Kerviler E, Ricolfi F, Kuoch V, Mourey F et al. CT angiography for brain death 

diagnosis. AJNR Am J Neuroradiol. 2009;8:1566-70.  

12. Leclerc X; Groupe de relecture. CT angiography for the diagnosis of brain death: recommendations of the 

French Society of Neuroradiology (SFNR). J Neuroradiol. 2007 Oct;34(4):217-9. Epub 2007 Aug 24 

13. Molina-Martinez FJ, Tarongí-Sánchez S, Barceló-Artigues MI, Barceló-Rosselló A. Brain death and the 

donation of organs. A review in the light of current Spanish legislation. Rev Neurol. 2003 Apr 16-

30;36(8):771-80. 

14. Vicenzini E, Pro S, Randi F, Pulitano P, Spadetta G, Rocco M, Di Piero V, Lenzi GL, Mecarelli O. 

Transcranial Doppler for brain death after decompressive craniectomy: persistence of cerebral blood flow 

with flat EEG. Intensive Care Med. 2010 Dec;36 (12): 2163-4.  



COPYRIGHT© 2013COPYRIGHT© 2013COPYRIGHT© 2013COPYRIGHT© 2013 EDIZIONI MINERVA MEDICA EDIZIONI MINERVA MEDICA EDIZIONI MINERVA MEDICA EDIZIONI MINERVA MEDICA    

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only 

one file and print only one copy of this Article. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the 

Article for any purpose. It is not permitted to distribute the electronic copy of the article through online internet and/or intranet file sharing systems, electronic 

mailing or any other means which may allow access to the Article. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of 

derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not permitted. It is not permitted to remove, cover, 

overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to frame or use framing 

techniques to enclose any trademark, logo, or other proprietary information of the Publisher. 

15.Wijdicks EF, Varelas PN, Gronseth GS, Greer DM; American Academy of Neurology Evidence-based 

guideline update: determining brain death in adults: report of the Quality Standards Subcommittee of the 

American Academy of Neurology. Neurology. 2010 Jun 8;74 (23) :1911-8.  

 

 



COPYRIGHT© 2013COPYRIGHT© 2013COPYRIGHT© 2013COPYRIGHT© 2013 EDIZIONI MINERVA MEDICA EDIZIONI MINERVA MEDICA EDIZIONI MINERVA MEDICA EDIZIONI MINERVA MEDICA    

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only 

one file and print only one copy of this Article. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the 

Article for any purpose. It is not permitted to distribute the electronic copy of the article through online internet and/or intranet file sharing systems, electronic 

mailing or any other means which may allow access to the Article. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of 

derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not permitted. It is not permitted to remove, cover, 

overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to frame or use framing 

techniques to enclose any trademark, logo, or other proprietary information of the Publisher. 

 

 

Figure 1 (a-b): Transcranial Doppler (TCD) and CT-Angiography (CTA) in Patient 1 with left decompressive 

craniectomy. 

a) Both Transcranial Doppler (TCD) and CT-Angiography (CTA) showed intra-cerebral blood flow.  

b) TCD showed bidirectional flow on left MCA level; CTA performed 4 hours later showed internal carotid 

artery (ICA) and MCA opacification on the side of craniectomy (left). On the right side the exam detected the 

absence of filling of the intracranial arteries. 
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Figure 2 (a-c): Transcranial Doppler (TCD) and CT-Angiography (CTA) in Patient 2 with left decompressive 

craniectomy. 

a)-b): TCD showed bidirectional flow on both right (a) and left (b) MCAs.  

c) CTA performed few hours later showed bilateral opacification of MCAs 

 


