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Abstract

Background: According to Italian legislation to diagnose brai@ath (BD) after the initial documentation of
the clinical signs, repetition of clinical testiagd confirmation of the loss of bioelectrical aityivof the brain
(EEG) is required. However, when EEG is unreliabls necessary to demonstrate cerebral circulagongst
(CCA). Accepted imaging techniques to demonstra&é @clude: cerebral angiography, cerebral sciafdry,
transcranial Doppler (TCD) and computed tomographgiography (CTA). This latter technique, due ® it
large availability, low invasivity and easy andtfasquisition is widely used over the countdgvertheless its
diagnostic reliability is affected by some limitats in patients with decompressive craniectomy.

Methods and Results: Here we report two cases of brain injury with idat signs of BD and at the same time,
opacification of intracranial arteries on CTA angatern consistent with flow arrest on the coroesing
insonable arteries on TCD.

Conclusion: The discrepancy between CTA and TCD results paatsa methodology limitation that could be
overcome by updating Italian legislation accordimg@ther European Countries legislation.

Key words: Brain death, Computed Tomography Angiographyn$caanial Doppler Sonography

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 tfrademark, logo, or other proprietary information of the Publisher.



COPYRIGHT®© 2013 EDIZIONI MINERVA MEDICA

Introduction

A factor limiting organ donation in Italy is the alability of suitable brain-death (BD) organ dosottalian
legislation defines the diagnostic procedures fetednining BD (Law no. 578 dated 29/12/1993 and
Ministerial Decree no. 582 dated 22-Aug-1994 regampdated by Ministerial Decree dated 11/04/20@8&er
initial documentation of the clinical signs of BEgpetition of clinical testing and confirmation thie loss of
bioelectrical activity of the brain is required. Wever, some cases need demonstration of cerelbcalatory
arrest (CCA) such as children under one year amuical situations which do not allow a definite
aetiopathogenetic diagnosis or are likely to imesfwith the overall clinical-instrumental findingacluding
the presence of CNS depressants, facial or heach&rar recent surgery which may prevent recordiryain
electrical activity or testing of brain stem refbsx

According to Italian legislation each hospital cdmose the method to confirm CCA depending on teahn
instrumentation and personnel skills available. National Advisory Committee on Organ Transplaotati
(NACOT) recently drafted guidelines for the applica of instrumental cerebral blood flow (CBF) avaiion,
updated to 20/02/2009. Accepted imaging technigfeesthe measurement of CBF include: cerebral
angiography, cerebral scintigraphy, transcraniapfder (TCD) and CT angiography (CTAY. This latter
technique, due to its large availability, low inwdty and easy and fast acquisition is widely useer the
country>® Nevertheless its diagnostic reliability is affecteyl some limitations. Here we report two cases of
brain injury with clinical signs of BD and at tharse time, opacification of intracranial arteries@hA and a
pattern consistent with flow arrest on the corresjiing insonable arteries on TCD.

Casel.

A 38 year old patient was admitted to our emergeatepartment after a motorcycle accident. On ariealvas
on cardiac arrest. An advanced cardiac life supp@ad immediately performed until return of spontarse
circulation (ROSC) after 10 minutes of chest corapi@ns. On stabilization of vital signs, the GC$\W8aAn
urgent CT scan detected a large subdural haematdathan the left hemisphere causing midline shiftdan
compression over homolateral ventricular systenasisociation there were basilar skull and cerwealebrae
fractures. A consultant neurosurgeon decided foerarrgency decompressive craniectomy and evacuaftion
the subdural haematoma. Thereafter he was traedftarour ICU for specific monitoring and managetn@m
admission he was unconscious, without reactionaiafpl stimuli. Pupils were 1mm and did not resgpda
light. Corneal reflexes were absent. Spontaneespiration was insufficient so artificial ventilat was
continued. He was treated according to the locatogol for the treatment of acute brain injury aigiat
maintaining adequate cerebral perfusion. The CBIS wonitored daily with TCD (Multi-Dop® Digital,

Compumedics DWL, Germany). On day five the clihiexamination fulfilled the criteria for BD but
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according to the consultant neurophysiologist apete electrode coverage for EEG was not accesgiudeo
the recent craniectomy.

The TCD conducted using both temporal acoustic awslrevealed intracranial bilateral blood flow tigb
the middle cerebral artery (MCA) and the anterierebral artery (ACA), with left prevalence. Sinosanation
of the subtentorial arteries was difficult for thek of dislocation of cervical fractures, a TCAsvasked. This
exam was carried out by a 64-slice volumetric Carder (GE Fairfield, CT - USA) and demonstrated CBF
through the main intracranial arteries despitereatilike opacification of the basilar artery (BA)g. 1a.

The day after a new TCD showed bidirectional flavbath MCAs level, systolic spikes at the left AQZvel,
impossibility to insonate the right ACA. According the NACOT guidelines, these criteria suggeswfl
arrest. Nevertheless an evaluation of distal veastedrteries and BA is needed. A new CTA showedridl
carotid artery (ICA) and MCA opacification on thieles of craniectomy. On the opposite side the alserfc
filling from the petrous portion of the ICA was sto. Fg. 1b.

Case 2.

A 36 year old man was admitted after a car accidentarrival the patient was unconscious, unableaaot to
any stimulus, his pupils were non reactive. He s@mtaneously breathing, SpO2 was 98% on oxygehibut
blood gas analysis revealed acidosis. After iniohaand hemodynamic stabilization a CT scan shoavéadt
occipital skull fracture with an epidural left teorpl haemorrhage associated with intraparenchyetacpial
haemorrhage.

The patient underwent an emergency fronto-temparefal craniectomy and evacuation of the haematoma
Intraoperative findings showed a linear skull fumet extending across a venous sinus causing exéensi
bleeding.

He was transferred to our ICU without any changenéurological assessment. He maintained mechanica
ventilation but spontaneous breathing was prestmivas treated according to the same local protagplied
before and CBF was monitored daily with TCD. Afiedays he developed the clinical criteria for .BA%
before, the EEG was technically unfeasible duénéorecent surgery. The TCD showed bilateral bitimeal
flow reversing on MCAs and systolic spikes at tlstprior cerebral arteries level.

Again, the insonation of subtentorial arteries Wwagardous for the presence of cervical fracturbe CTTA
showed bilateral opacification of the petrous mortdf ICAs.(Fig 2)

In both patients cardiac death occurred few datgs.adDuring this period, they never fulfilled th&d & criteria

to diagnose CCA.

Results
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The ancillary tests here described were performmubrding to Italian legislation and NACOT guidelkne
Nevertheless their results were discrepant. Naniadirectional flow in TCD was confirmatory of floarrest
on insonable arteries whereas the CTA revealedifogaimon of corresponding intracranial arteriese\Would

not diagnose BD in these two potential organ danors

Discussion

BD in ltaly is defined as “the irreversible loss all the functions of the brain”. CBF measuremeaits
necessary in some particular cases defined in Laws#8 dated 29/12/1993The D.M. 582/94 and to the
NACOT guidelines define very strictly methods andes for the correct execution of CTA leading toreno
accurate standardization and leaving less spasaljectivity in the interpretation of the exam. vidgheless,
when intracranial pressure is lowered by craniegtaspacification of intracranial arteries on CTA ynaccur
despite circulation is affected.

With its rate of 21.9 organ donors PMP, lItaly ie third country within the European Union regardargan
donation, after Spain (29.2) and France (2218pwever the rate of organ donation can increaseording to
the ltalian National Institute of Statistics, desafiom road accidents in 2010 in Italy have bed®9@, The
mean age of deaths for males was 20-24 years,dlurdtes of deaths were also registered withito2Z and

30 to 34% Some considerations may derive from these numfiest:the population considered is quite young,
being then ideal potential organ donors. Seconduirexperience, patients involved in road accislean¢ more
likely to present to the emergency department vaénebral mass lesions needing emergency surgery
Emergency evacuation of a mass lesion is generaitybined with decompressive craniectomy to favaamb
perfusion. Despite the craniectomy by itself is mofactor affecting the reliability of EEG, a largecent
craniectomy, mostly if brain swelling is preserindnterfere with minimum technical standards tofqren
EEG causing its unreliability or unfeasibility. Bhis one of the cases contemplated by Italian ilawhich the
evaluation of cerebral blood flow is mandatory. 83A is emerging as the alternative to conventional
angiography, its diagnostic limitations in patiemt&h decompressive craniectomy may be an important
limiting factor for organ procurement in our couyntr

The main factor limiting organ donation in Italytlse lack of family consent, whereas preconceivtitldes
about this issue can interfere with the final decisand socio-economic and socio-demographic viasab
(patient’s age, cause of death, race) and religomlief play a significant role. Educational efoghould be
increased to overcome these limitations, however résults may require a long period of time to be
measurable. An upgrade of the current interpretaguidelines for BD diagnosis can give faster itssul

although less significant.
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We are not the first to report that decompressmaniectomy may affect the diagnosis of BD with CTA.
Berengueret al. noted that decompressed patients with a clinicBl &d absence of brain perfusion
demonstrated with nuclear medicine perfusion telsowed minimal flow on CTA. Dupaset al. in 1998
defined the criteria for BD diagnosis with spiral .CThey noted that in BD the pericallosal and teathi
arteries of the cortex, the internal cerebral veiims great cerebral vein and the straight sindsdt opacify on
spiral CT™° Since then, several studies permitted French l&igia to define the actual criteria for BD
confirmation by CTA based on the lack of opacificatof 7 intracerebral vessels. On these basis paast al.
constructed a 4-point CTA score based on the ldckpacification of 4 cerebral vessels on the CTnsca
acquired starting 60 seconds after the contrastiumednjection commencet!. In the specific case of
decompressive craniectomy, the French Society ofdtadiology recommends that, if arterial opaation
occurs, the deep venous network should be eval@itédBD can be confirmed in the absence of opaiiic

of the left and right internal cerebral veins avfdthe great cerebral vein. In Spain, CTA is acedpas
confirmatory test for diagnosing brain death. Agaire study of the venous flow is required, altHo&gpanish
guidelines do not enter in the specific case obdewressive craniotomy***

We did not perform the evaluation of venous dragnag acquisition starting 20 seconds after therasint
medium injection is recommended by lItalian guidedifor the diagnosis of CCA by CTA. Nevertheleks, t
only evaluation of artery phase can be misleadhgwing “opacification” which may not mean “circtitn”.

In our cases, the cerebral arteries that opacdredCTA, evaluated by TCD showed a pattern condistéth
absence of flow. On the contrary, there are repairfalse-negative results in cases of skull defasing TCD
to detect CCA in brain death with flat EE¥. In addition, the need for confirmatory testingsHaeen
guestioned by some authors who claim that no tast provide documentation of a loss of all neuronal
functions for the definition of brain death, thenef confirmatory tests are usef@st Europe there is fairly
uniform agreement regarding the criteria for thenichl evaluation of brain death, although there is
considerable variation in the use of additionalfroratory tests accepted by law and in their intetative
criteria.

We believe that caution is needed in this importaatter, and that the law should guarantee ford#endeed
the Italian law does. However, improvement is alsvpgssible: if the mere filling of intracranial enies does
not indicate the adequacy of perfusion, the stuidihe venous phase could improve the sensitivityC®A
leaving no room for individual interpretation, whicould cause serious ethical concerns.

The discrepancy between CTA and TCD results incases points out a methodology limitation thatidde
overcome both, by updating Italian legislation adawy to other European Countries legislation sagHrrench
or Spanish, or by performing ancillary tests evihgacerebral perfusion rather than cerebral flttalian law

accepts cerebral scintigraphy to evaluate cergigdiusion. The main limitations of its use are gwoarce
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availability, the longer duration of the exam ahd associated ris&nd difficulty of transporting the unstable
BD patient to the nuclear medicine suite. CTA is preig because of its accessibility, simplicity, wadeead

use, ease of interpretation and reproducibifity.

Conclusions
Acknowledging the existing limitations in this fitglwe are still far from the perfect tool to assesmplete
neuronal death. Nevertheless, further researcldatailg current or evolving techniques of brain lldow

imaging can improve their diagnostic sensitivityg apecificity.

Key messages

1. In cases of skull defects such as decompressivéectamy, the increase in ICP may partially be
compensated for, therefore CTA to detect CCA magdldo false-negative results, showing
opacification of intracranial arteries.

2. This limitation can be overcome by the study ofdleep cerebral venous flow by TCA, as suggested by
the legislation of other European countries.

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

4. The eventual updating of Italian legislation cobklp to increase the rate of organ procuremenum o

country.
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Figure 1 (a-b): Transcranial Doppler (TCD) and CT-Angiography (QTA Patient 1 with left decompressive
craniectomy.

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

b) TCD showed bidirectional flow on left MCA leveG TA performed 4 hours later showed internal cdroti
artery (ICA) and MCA opacification on the side o&giectomy (left). On the right side the exam det@che
absence of filling of the intracranial arteries.
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Figure 2 (a-c): Transcranial Doppler (TCD) and CT-Angiography (QTA Patient 2 with left decompressive
craniectomy.

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

c) CTA performed few hours later showed bilategsafication of MCAs
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