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Jahi McMath, a New Disorder 
of Consciousness*
Calixto Machadoa

Abstract: In this paper, I review the case of Jahi McMath, who was diagnosed with brain death (bd). 
Nonetheless, ancillary tests performed nine months after the initial brain insult showed conservation 
of intracranial structures, eeg activity, and autonomic reactivity to the “Mother Talks” stimulus. She was 
clinically in an unarousable and unresponsive state, without evidence of  self-awareness or awareness 
of the environment. However, the total absence of brainstem reflexes and partial responsiveness re-
jected the possibility of a coma. Jahi did not have uws because she was not in a wakefulness state and 
showed partial responsiveness. She could not be classified as a lis patient either because lis patients 
are wakeful and aware, and although quadriplegic, they fully or partially preserve brainstem reflexes, 
vertical eye movements or blinking, and respire on their own. She was not in an mcs because she did 
not preserve arousal and preserved awareness only partially. The crs-r resulted in a very low score, 
incompatible with mcs patients. mcs patients fully or partially preserve brainstem reflexes and usually 
breathe on their own. mcs has always been described as a transitional state between a coma and uws 
but never reported in a patient with all clinical bd findings. This case does not contradict the concept 
of bd but brings again  the need to use ancillary tests in BD up for discussion. I concluded that Jahi rep-
resented a new disorder of consciousness, non-previously described, which I have termed “reponsive 
unawakefulness syndrome” (rus).

Keywords: brain death; coma; unresponsive wakefulness syndrome; locked-in syndrome; disorders 
of consciousness; ancillary tests; eeg; heart rate variability; magnetic resonance imaging
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Jahi McMath, un nuevo trastorno de la conciencia
Resumen: En este artículo, revisó el caso de Jahi McMath, quién fue diagnosticada con muerte en-
cefálica (me). No obstante, exámenes complementarios realizados nueve meses después de la lesión 
cerebral inicial mostraron conservación de las estructuras intracraneales, actividad en electroence-
falografía eeg, y reactividad autonómica a estímulos llamados  “Conversación de Madre”. Ella estaba 
clínicamente en un estado sin respuesta a los estímulos, sin evidencia de autoconciencia o conciencia 
del ambiente. Sin embargo, la ausencia total de reflejos del tronco encefálico y la capacidad de res-
puesta parcial rechazaron la posibilidad de un coma. Jahi no tenía síndrome de vigilia sin respuesta 
svsr porque no estaba en un estado de vigilia y mostró una capacidad de respuesta parcial. Tampoco 
pudo ser clasificada como paciente lis porque los pacientes lis están despiertos y conscientes, y 
aunque tetrapléjicos, conservan total o parcialmente los reflejos del tronco encefálico, los movimien-
tos oculares verticales u el parpadeo, y respiran por sí mismos. Ella no estaba en un emc porque no 
preservaba la excitación y preservaba la conciencia solo parcialmente. La crs-r dio una puntuación 
muy baja, incompatible con pacientes de emc. Los pacientes de emc  preservan total o parcialmente 
los reflejos del tronco encefálico y, por lo general, respirar por sí solos. El emc siempre se ha descrito 
como un estado de transición entre un coma y svsr pero nunca se ha reportado en paciente con to-
dos los hallazgos clínicos de  me. Este caso no contradice el concepto de me pero vuelve a plantear la 
discusión acerca de la necesidad de utilizar exámenes complementarios en me. Llegué a la conclusión 
de que Jahi representaba un nuevo trastorno de la conciencia, no descrito anteriormente, que he 
denominado "síndrome de no despertar con respuesta" (SNDR).

Palabras clave: muerte encefálica; coma; síndrome de vigilia sin respuesta; síndrome de enclaustra-
miento; trastornos de la conciencia; exámenes complementarios; eeg; variabilidad del ritmo cardíaco; 
imágenes de resonancia magnética

Jahi McMath, um novo transtorno da consciência
Resumo: Neste artigo, foi revisado o caso Jahi McMath, que foi diagnosticada com morte encefálica (me). 
Contudo, exames complementares realizados nove meses depois da lesão cerebral inicial mostraram con-
servação das estruturas intracranianas, atividade em eletroencefalografia (eeg) e reatividade autonômica 
a estímulos chamados “Conversación de Madre”. Ela estava clinicamente em um estado sem resposta aos 
estímulos, sem evidência de autoconsciência ou consciência do ambiente. Contudo, a ausência total de 
reflexos do tronco encefálico e a capacidade de resposta parcial rejeitaram a possibilidade de um coma. Jahi 
não tinha síndrome de vigia sem resposta (svsr), porque não estava em um estado de vigia e mostrou uma 
capacidade de resposta parcial. Também não pode ser classificada como paciente lis, porque estes estão 
acordados e conscientes, e ainda que tetraplégicos, conservam total ou parcialmente os reflexos do tronco 
encefálicos, os movimentos oculares verticais ou cintilação, e respiram por si próprios. Ela não estava em 
um emc porque não preservava a excitação e preservava a consciência somente parcialmente. A crs-r deu 
uma pontuação muito baixa, incompatível com pacientes de emc. Os pacientes de emc preservam total ou 
parcialmente os reflexos do tronco encefálico e, em geral, respirar por si só. O emc sempre foi descrito como 
um estado de transição entre coma e svsr, mas nunca foi relatado em paciente com todos os achados clíni-
cos de me. Esse caso não contradiz o conceito de me, mas volta a colocar a discussão sobre a necessidade de 
utilizar exames complementares em me. Cheguei à conclusão de que Jahi representava um novo transtorno 
da consciência, não descrito anteriormente, que denominei “síndrome de resposta sem vigília” (SRSV)

Palavras-chave: morte encefálica; coma; síndrome de vigia sem resposta; síndrome de encarcera-
mento; transtornos da consciência; exames complementares; EEG; variabilidade do ritmo cardíaco; 
imagens de ressonância magnética 
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Introduction 
Brain death (bd) has been progressively accepted 
since the late 1950s.  (1-3) Nonetheless, contentious 
bd cases have recently raised new controversies 
about its diagnosis, widely covered in the United 
States (US) and the international press, such as the 
Jahi McMath case. (4-10) Her situation was a trag-
edy for her and her family. But the case has caused 
confusion and qualms about a basic question be-
yond this sad story: how do we confirm whether a 
person is dead or alive? 

The Story of Jahi McMath (5,7-12)
Thirteen-year-old Jahi McMath underwent pha-
ryngeal surgery for obstructive sleep apnea at 
Oakland Children’s Hospital on December 9, 2013. 
Later that evening, she suffered a massive hemor-
rhage inside her respiratory ways, leading to car-
diorespiratory arrest. cpr allowed spontaneous 
circulation to return, but a significant hypoxic 
encephalopathy resulted from the event. After two 
days, the chief of neurology examined her and 
performed an electroencephalogram (eeg). He 
diagnosed her with bd. According to the hospital 
policy, a second physician confirmed the diagno-
sis, and Jahi McMath was officially declared brain-
dead on December 12, 2013.

As is usually practiced in bd cases, physicians 
gave a couple of days to Jahi’s relatives to consider 
organ donation, which was finally denied. On De-
cember 15, the hospital told the family that the ven-
tilator would be removed the following morning. 
The family immediately rejected this possibility 
and hired an attorney, at which point the hospital 
agreed to continue with ventilation at least tempo-
rarily. A week after the initial event, lawyer Chris-
topher Dolan began to argue the family’s wishes 
to keep Jahi on the ventilator. In a petition to the 
Alameda Superior County Court, Dolan requested 
that a physician unaffiliated with the hospital ex-
amine Jahi. Evelio Grillo, a judge from the Alameda 
Superior County Court, appointed an independent 
specialist, Paul Fisher, chief of neurology at Stan-
ford University’s Children Hospital, to examine 
Jahi McMath. He repeated the earlier examination 
procedures and also performed a cerebral blood 
flow study. Both the exam and the study confirmed 

the diagnosis of  bd. At this point, the judge  
ruled that Jahi McMath was legally dead. Never-
theless, the family and the hospital reached an un-
usual agreement for her body to be released to her 
mother, with  a ventilator and intravenous fluids.

She was later discharged from the hospital and was 
moved to New Jersey, where the patients’ relatives did 
not accept either a cardio-respiratory or neurological 
view of death. She spent most of the next four years in 
an apartment in New Jersey. She had no spontaneous 
respiration, required a ventilator to breathe, and was 
nutritionally maintained through feeding tubes. She 
continued to grow, her periods started, and her con-
dition was relatively stable except for a few intercur-
rent hospitalizations. (7-9)

In September 2014, the author, Dr. Calixto 
Machado, a Cuban neurologist, was invited to 
travel to New Jersey as an expert advisor. Jahi was 
studied at the Rutgers Hospital. Dr. Charles Pres-
tigiacomo, a us licensed neurologist, examined 
her and prescribed the ancillary tests suggested 
by Dr. Machado. eegs were also recorded at the 
apartment where Jahi stayed in New Jersey. These 
studies have recently been published in the Journal 
of Functional Neurology, Ergonomics, and Reha-
bilitation (fnre). (13) The author of this paper did 
not have access to Jahi McMath’s initial medical 
record when diagnosed in California.

In 2018, the patient developed liver failure and 
underwent exploratory abdominal surgery for 
inexplicable bleeding. When surgeons proposed 
more operations, her mother sadly expressed, “Let 
her go,” On June 22, 2018, Jahi died in the hospital, 
surrounded by her family. Oddly enough, she had 
two death certificates; the California certificate in-
dicating that she died on December 13, 2013, and 
the New Jersey certificate affirming that she had 
died on June 22, 2018, with liver failure and hy-
poxic brain injury as the causes of death. (7-10)

Summarizing my findings in Jahi McMath af-
ter nine months of her initial diagnosis  (6,13)
1)	 Clinical examination. The patient was supine 

on a bed, with her eyes closed, and demonstrat-
ed no signs of self-awareness or awareness of 
the environment. Neurological examination 
revealed a complete loss of brainstem reflex-
es (corneal, oculocephalic, oculovestibular, 
gag, and cough). The patient could not trigger 
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a ventilator, and the patient’s relatives did not 
permit an additional apnea test beyond the orig-
inally performed nine months prior. Her Coma 
Recovery Scale-Revised (crs-r) total score was 
3 (reproducible movement upon command).

2)	 Her magnetic resonance imaging (mri) showed 
preservation of intracranial structures but enor-
mous abnormalities documented nine months 
after cardiac arrest: remarkable preservation of 
cortical and brainstem gross anatomy with un-
expected relative slight atrophy despite cortical 
laminar necrosis, demyelination, and cystic en-
cephalomalacia in the centrum semiovale, corpus 
callosum, and posterior pons and medulla. mri 
in Jahi also showed a massive lesion in the pos-
terior regions of the pons, lateralized to the left. 

3)	 eeg bioelectrical activity was over 2 μV of am-
plitude. Moreover, the power spectral analysis 
proved generalized predominant activity with-
in the delta–theta range.

4)	 All heart rate variability (hrv) bands were pre-
served in this patient. 

5)	 Autonomic reactivity, assessed by hrv, to 
“Mother Talks” stimulation demonstrated 
preservation of function at different levels of 
the autonomic system. 

Pathophysiological Explanation  
of Jahi Mcmath’s Findings
The patient showed clinical features of the  bd 
state, such as the absence of brainstem reflexes and 
no spontaneous drive to breathe (apnea), requiring 
permanent mechanical ventilation. Nonetheless, 
preservation of intracranial structures, remain-
ing brain function in both brainstem and cerebral 
hemispheres, and autonomic reactivity response to 
the “Mother Talks” stimulus was demonstrated in 
this case. (6,13,14) 

Preservation of intracranial structures
A striking finding was the preservation of intra-
cranial structures both in the brainstem and ce-
rebral hemispheres, which was observed nine 
months after cardiac arrest resulting in severe 
brain injury. (13) It has been extensively described 
that a brain-dead patient  lacks cerebral blood flow 
(cbf). (15,16)

The fact that the patient had preserved intra-
cranial structures indicates that her cerebral per-
fusion was not absent. Bernat recently emphasized 
that “the most confident way to demonstrate that 
the global loss of clinical brain functions is irre-
versible is to show the complete absence of intracra-
nial blood flow.” (17, p163) Neurons are irreversibly 
damaged after a few minutes of complete cessation 
of cbf and globally destroyed when blood flow 

Figure 1. Jahi McMath’s mri – T1 sagittal right vs. left 
views. Note. Her mri showed preservation of intracra-
nial structures but vast abnormalities, documented nine 
months after a cardiac arrest: remarkable preservation 
of cortical and brainstem gross anatomy with unexpec-
ted relative slight atrophy despite cortical laminar necro-
sis, demyelination, and cystic encephalomalacia in the 
centrum semiovale, corpus callosum, and posterior pons 
and medulla. It also showed a massive lesion in the pos-
terior regions of the pons, lateralized to the left(arrows). 
Source: own elaboration

Figure 2. mri – 3D reconstruction of right, central and 
left views. Note. The left arrows show a huge lesion at 
the pons, lateralized to the left side in its posterior re-
gion. The lateral regions of the pons and mesencepha-
lon are relatively spared. 
Source: own elaboration 
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completely stops in about 20-30 minutes at normal 
body temperature. Hence, if cbf has stopped for 
more than 30 minutes, this proves brain damage 
irreversibility in bd. The rationale is that the ab-
sence of cerebral circulation for this period causes 
total brain infarct. (6,18-20)

Neuropathologists coined the term “respira-
tor brain” to describe the pathological findings in 
supported brain-dead patients, characterized by 
a dusky-congested brain containing liquid por-
tions, frequently with brain fragmentation when 
removed from the calvarium. Neuronal damage is 
mostly extensive and proportionate to the clinical 
findings. The respirator brain phenomenon results 
from the arrest of intra-cerebral perfusion, and the 
time on the ventilator correlates with the extent of 
brain damage. (21,22)

Wijdicks recently studied a series of brain-dead 
patients and documented that no distinguishing 
neuropathological bd features were found, proba-
bly because timing to brain fixation has been re-
duced as a consequence of timely organ transplant 
protocols. (21) This was not the case in Jahi Mc-
Math because an mri study was performed nine 
months after the initial insult. (13)

Therefore, the first argument against the diag-
nosis of  bd, nine months after the initial diagno-
sis is the preservation of intracranial structures. 
Shewmon has reported a series of brain-dead pa-
tients with extended somatic survival. (23-25) He 
expressly referred to Repertinger et al.’s case  of 
a 4-year-old child diagnosed as brain-dead after 
bacterial meningitis and was then put on a ven-
tilator for 19 years. The autopsy revealed a 750 g 
calcified intracranial spherical structure and a 
calcified shell containing grumous material and 
cystic spaces with no recognizable neural elements 
grossly or microscopically. (26) Nothing similar 
was found in this patient’s mri sequences, despite 
a vast brain insult.  Hence, this fact contradicts  bd 
diagnosis in this patient. (13,14,27)

Preservation of eeg activity
eeg bioelectrical activity was found over 2 μV of 
amplitude in this case. The power spectral anal-
ysis showed a predominant activity within the 

delta-theta range., which demonstrates that this 
patient did not show a pattern of “electrocerebral 
inactivity” (eci).13

The clinical diagnosis of  bd is established after 
excluding potential confounders (e.g., hypother-
mia, endocrine or metabolic causes, intoxication, 
sedation, relaxation, neuromuscular disorders), 
demonstrating an irreversible coma with complete 
absence of brainstem reflexes and apnea testing. 
(20) The American Academy of Neurology (aan) 
Guidelines affirmed that  bd is based on a clinical 
diagnosis; however, the same guidelines recognize 
that in some circumstances, specific components 
of the clinical examination cannot be reliably 
tested or evaluated, suggesting the use of a confir-
matory test. (28-30) In a recent article exploring 
the variability of bd policies in the United States 
concerning the aan Guidelines, eeg was listed in  
78.8 % of policies and was the most frequent con-
firmatory test in  bd diagnosis. (28)

Hence, it is widely accepted that  bd is based on 
a clinical diagnosis, and several guidelines affirm 
that confirmatory tests are not mandatory. (28-30) 
Nonetheless, in several geographic zones, includ-
ing continental Europe, Central and South Ameri-
ca, and Asia, an eeg showing eci is required by law 
for the certification of  bd. (4)

One of the main reasons for the use of eeg 
and other ancillary tests is related to the accept-
ed definition of death on neurological grounds. 
(2,14,16) In the last decades, three main brain-ori-
ented formulations of death have been discussed: 
whole-brain, brainstem death, and higher-brain 
standards. (20,31-33)

James Bernat claimed that “the formulation of 
whole-brain death provides the most congruent 
map for our correct understanding of the concept 
of death.”(32) This author argued that “the irrevers-
ible cessation of the clinical functions of the brain 
represents death because the brain is responsible 
for the functioning of the organism as a whole.”(34) 
Bernat and his colleagues’ view about the defense 
of the whole-brain formulation of death was cit-
ed by the United States President’s Commission 
for the Study of Ethical Problems in Medicine and 
Biomedical and Behavioral Research as the con-
ceptual basis of  bd. (1,32) President’s Commission 
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recommended the adoption by all us states of the 
Uniform Determination of Death Act (udda). (35)

Christopher Pallis articulated the brainstem 
death view, which dismissed the use of eeg or cbf 
studies as confirmatory tests in bd diagnosis. (36) 
Wijdicks, senior author of the aan Guidelines on  
bd, has emphasized that “the irreversible absence 
of functions of the brainstem is the necessary and 
sufficient component of brain death, and this can 
be assessed and diagnosed clinically at the bed-
side” (37), which is entirely in concordance with 
the brainstem and not the whole-brain view of bd. 
(16,20,27,38)

Jahi McMath was diagnosed and studied in 
the us, and therefore bd diagnosis was considered 
under the whole-brain criterion. (13) The whole-
brain criterion refers to the irreversible cessation 
of intracranial structure functions, both of the 
brainstem and cerebral hemispheres, (32); there-
fore, most defenders of this view suggest eeg as a 
powerful diagnostic tool. (4,20)  

Another clinical condition where there is con-
troversy about using eeg in bd is when intracra-
nial pathology is localized in the posterior fossa. 
Both intracranial blood flow and eeg may persist 
when a primary brainstem catastrophe does not 
produce markedly raised intracranial pressure. In 
the presence of a primary supratentorial brain le-
sion, a severe forebrain lesion is combined with the 
subsequent gradual loss of brainstem function due 
to rostrocaudal transtentorial brain herniation. In 
the case of a secondary brain lesion (e.g., cerebral 
hypoxia), the brainstem is also affected like the 
forebrain. However, a minority of patients who 
have a primary infratentorial brain lesion (e.g., 
basilar artery thrombosis or large brainstem or 
cerebellar bleed) may retain blood flow and even 
eeg activity. (4,16,20,27,39-42)

Grigg and colleagues performed a single-center 
study of 56 patients declared brain-dead by clinical 
criteria and reported that 20 % had persistent eeg 
activity, suggesting that eeg is not necessary to con-
firm  bd. However, more than a third of the patients 
did not undergo apnea testing, and pco2 thresholds 
for declaring bd were not described in the remain-
ing cases. Moreover, pathologic studies performed 

in only two cases demonstrated ischemic necrosis 
of the brainstem with relative preservation of the 
cerebral cortex. The pathologic examination of the 
remaining cases was not described. (43)

Ferbert reported a case with a hematoma on 
the cerebellum and the pons, showing preserved 
eeg and visual evoked potentials (vep), whereas all 
brainstem clinical signs of  bd were present, con-
cluding that in infratentorial lesions, eeg should 
be mandatory to confirm bd. (41)

Varela et al. analyzed three cases out of 161 who 
met inclusion criteria, adding a patient from an-
other hospital. (39) All four patients suffered from 
catastrophic posterior fossa injuries, fulfilling the 
United Kingdom (uk) brainstem death clinical cri-
teria, including the apnea test. Those four patients 
showed preservation of supratentorial blood flow, 
which disappeared after a period of 2 to 6 days, 
allowing then bd declaration according to the 
whole-brain criteria.

Nonetheless, the challenge of the cases above 
fwas to determine when the patients were brain-
dead according to us or uk bd criteria. According 
to uk guidelines, patients were brain-dead after 
the first clinical evaluation, but after six days, all 
four patients were brain-dead according to us 
guidelines. Jahi McMath had preserved cbf up to 
nine months. (6,13) This conceptual and practical 
difference in bd determination between the us and 
the uk in patients with a primary brainstem lesion 
remains controversial and has been known as the 
“transatlantic divide”. (42,44)

Wijdicks commented that in one study of pa-
tients fulfilling clinical bd criteria, 20 % of 56 pa-
tients had residual eeg activity that lasted up to 168 
hours. This author also noted that the sensitivity 
and specificity of eeg in bd diagnosis are 90 %. (37) 
Nonetheless, this author emphasized there were no 
reports of patients who fulfilled clinical brainstem 
death criteria and survived, (44) but this statement 
is related to prognosis and not to diagnosis. (27)

According to us- bd criteria, Varela et al. con-
cluded that patients with primary posterior fossa 
catastrophic lesions who clinically seemed to be 
brain-dead would typically evolve from retaining 
to losing supratentorial blood flow. Therefore, the 
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authors affirmed that if cbf assessment is used as 
an ancillary test, those patients are like those who 
become bd due to supratentorial lesions. They also 
commented on the theoretical possibility of lesions 
sparing the mesopontine tegmental reticular for-
mation due to isolated brainstem injury, leading 
to a total apneic locked-in syndrome (lis), imitat-
ing brainstem death. (39) They affirmed that this 
condition does not rule out the possibility that a 
patient with a primary infratentorial might still be 
conscious to some degree for some time. (45)

Varela et al. also emphasized that there are 
no reports of brain-dead patients correctly diag-
nosed under either the whole-brain or brainstem 
views, who have shown regained consciousness or 
breathing recommence. Then, they erroneously 
stated that persistent supratentorial cbf or eeg ac-
tivity does not indicate remaining brain function,39 

which was not the case in Jahi McMath. (13,14)
Moreover, experimental studies in animals 

have found that near-normal eeg involving pre-
dominant alpha, beta, or theta activity is not like-
ly to occur in substantive neuronal damage to 
the mesopontine tegmental reticular formation . 
Therefore, these authors remarked that ancillary 
tests are mandatory for diagnosing bd to find ei-
ther electro-cortical inactivity or, preferably, ce-
rebral circulatory arrest. Consequently, in such 
patients, the presence of an irreversible coma must 
be disbelieved, and the possibility that some de-
gree of consciousness remains cannot be excluded 
if there is eeg activity. (4,45-47)

These reports of cases with infratentorial brain 
lesions showing a near-normal electroencephalo-
gram (eeg) combined with well-preserved cortical 
veps after the diagnosis of bd led to stricter  bd 
codes in several countries. These stricter bd codes 
include the obligatory demonstration of elec-
tro-cortical silence (on eeg) or cerebral circulatory 
arrest (on cerebral angiography, perfusion scintig-
raphy, or Doppler sonography) in patients with a 
primary infratentorial lesion. (4,43,45)

In summary, eeg has a long history as a confir-
matory test in  bd. In this case, eeg demonstrated 
the preservation of brain function at the level of 
the cerebral cortex. (6,16)

Preservation of central nervous 
autonomic system function
hrv It was possible to reveal the preservation of all 
hrv bands in this patient using the hrv methodol-
ogy. The high frequency (hf) component is consid-
ered a marker of the parasympathetic cholinergic 
central system, with responses mainly in the nu-
cleus ambiguous. The low frequency (lf) band is 
related to vagal and sympathetic influences. The 
middle frequency (mf) band has been correlated 
to the biofeedback of the baroreceptor function 
and Meyer blood pressure waves. Meanwhile, the 
very low frequency (vlf) range has been associated 
with the pressor arm of the sympathetic adrener-
gic system, central thermoregulatory centers, and 
the renin-angiotensin system. (48-51)

hrv The loss of all hrv power has characterized 
bd.51-53 My group and I recently reported a brain-
dead case in which the vlf oscillations were the 
last to vanish. It was possibly related to the resid-
ual sympathetic vasomotor activity that progres-
sively disappeared due to the extension of necrosis 
affecting the nervous centers of the lower part of 
the medulla and the first 2–3 cervical spine seg-
ments. Therefore, the preservation of hrv bands 
in this patient demonstrated persistent medullary 
autonomic activity within the vagal and other au-
tonomic central nuclei. (6,13,49)

Another key finding, in this case, was the au-
tonomic reactivity to “Mother Talks” stimulation 
compared to other women’s aged-matched voices. 
We validated this stimulus (“Mother Talks”) in un-
responsive wakefulness syndrome (uws) patients. 
(38,54). We also reported the effect of Zolpidem in 
uws patients and could demonstrate an autonom-
ic reactivity to this drug. (55) Several authors have 
reported brain activation in response to a familiar 
voice saying the patient’s name using fuctional mri 
(fmri) and event-related potentials. (56,57) Hence, 
these findings in Jahi McMath proved remaining 
function at different levels of the central autonom-
ic system and suggested recognition of the moth-
er’s voice based on residual linguistic processing.

Dr. Shewmon reported the analysis of videos 
provided by Jahi’s mother. This author analyzed 
the complete data set, containing 189 commands to 
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move various body parts and around 100 non-my-
oclonic movements. Dr. Shewmon described that 
each body part with enough non-myoclonic move-
ments showed an approximately exponential dis-
tribution of inter-movement intervals. Thus, he 
concluded: “Suffice it to say that I am convinced 
that the apparent responses to command cannot 
all be explained away as mere chance occurrences 
of spontaneous spinal movements, facilitating sta-
tistical comparison of movement frequency during 
command versus baseline conditions.”(8)

Therefore, our findings on autonomic reactivity 
to “Mother Talks” stimulus, (38,55) might explain 
the video findings reported by Dr. Shewmon, who 
observed Jahi’s movements and interpreted them 
as volitional responses to commands, and be con-
sistent with cognitive awareness. (8)

Jahi Mcmath: A New State of 
Consciousness. Comparison  
with Other Disorders of 
Consciousness (docs) 
Consciousness has two dimensions: arousal (i.e., 
wakefulness or vigilance) and awareness or con-
tent of consciousness (i.e., encompassing all sub-
jective perceptions, feelings, and thoughts). It is 
accepted that consciousness is clinically defined 
as having two components: awareness and arousal. 
Arousal, also called wakefulness, refers to the level 
of alertness (clinically determined by eye open-
ing). In contrast, awareness refers to the content 
of consciousness (clinically determined by com-
mand following or non-reflex motor behavior such 
as eye-tracking or localized responses to pain). 
(16,20,42,58-60)

The most discernible change that occurs when 
waking is eye opening. (16,33,58,61,62) Arousal 
is also known as the capacity for consciousness. 
(16,63) Arousal is anatomically related to struc-
tures in the brain and specifically the brainstem 
and hypothalamus. Meanwhile, awareness is 
related to a vast frontoparietal network encom-
passing associative cortices and, more specifical-
ly, the intrinsic connectivity of this network and 
the connectivity between the frontoparietal asso-
ciative cortices and the thalamus. Hence, arousal 

seems to be indispensable for awareness to emerge. 
It is necessary to be awake in order to be aware. 
Arousal represents a group of behavioral changes 
that occurs when a person awakens from sleep or 
coma and transits to a state of alertness. Changes 
in arousal, mediated by an interaction between the 
ascending arousal system and the neocortex, may 
strongly modulate neuronal activity in much of 
the brain. (64) Tracking brain arousal fluctuations 
with fmri changes in cortical arousal are mediated 
by ascending pathways projecting from the brain-
stem through the cingulate fiber bundle and the 
thalamus. (65) Modulation of arousal gives rise to 
changes in behavior and responsiveness to senso-
ry stimuli. (66) The neurophysiological correlates 
of changes in the arousal state can be observed 
non-invasively by eeg and more recently have 
been shown to have correlates in human fmri re-
sembling the pattern linked with the spontaneous 
eye behavior observed here. (64)

According to the Multi-Society Task Force for 
Permanent Vegetative State (67) and the Royal Col-
lege of Physicians, (68), “wakefulness” refers to the 
presence of typically cycling periods of eye-closure 
and eye-opening that give the appearance of sleep-
wake cycles. 

Awareness, also known as the content of con-
sciousness, represents the sum of cognitive and 
affective mental functions and denotes the knowl-
edge of one’s existence and the recognition of in-
ternal and external worlds. (58-60,69) Though, to 
be awake is not enough to be aware. There are, in 
fact, some exceptional cases in which these two 
components are dissociated. On the one hand, in 
the rapid eye movement stage of sleep, wakeful-
ness is impaired while internal awareness is rela-
tively spared. On the other hand, in uws), (70) the 
minimally conscious state (mcs), and some more 
transient states such as absence seizures, complex 
partial seizures, or somnambulism, awareness is 
impaired while wakefulness is spared. (46,71)

Therefore, awareness has been classified as: 
(58,59,72) 

	◾ external awareness (i.e., sensory or perceptual 
awareness of the environment)

	◾ internal awareness (i.e., stimulus-independent 
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thoughts, mental imagery, inner speech, day-
dreaming, or mind-wandering) 
Some authors have suggested that the awareness 

network can be subdivided into two different net-
works: the intrinsic (default mode network [dmn]) 
and the extrinsic awareness network [executive 
control network (ecn)]. The extrinsic awareness 
network includes the lateral frontoparietal brain re-
gions and is linked to sensory awareness or aware-
ness of the environment. The intrinsic awareness 
network involves mainly the medial prefrontal cor-
tex and the precuneus and bilateral posterior pari-
etal cortices and is related to internal awareness or 
self-related processes, such as mind-wandering and 
autobiographical thinking. (58)

Novel neuroimaging techniques in patients 
with doc provide critical insights into understand-
ing consciousness and the differential diagnosis 
of clinical doc docentities, given that behavioral 
assessment alone can sometimes be incorrect and 
imprecise. Functional neuroimaging methods have 
made it possible to study cognitive processing ob-
jectively in the absence of behavioral reports. Posi-
tron emission tomography (pet) measures different 
aspects of metabolic function according to the type 
of administered radioactive tracer. Structural con-
ventional mri and diffusion tensor imaging (dti) 
reveal the structural properties of the brain and the 
white matter integrity, respectively. fmri quantifies 
brain function derived from blood-oxygen-lev-
el-dependent (bold) changes. tms/eeg allows 
stimulating a subset of cortical neurons non-inva-
sively and measure the effects of this perturbation 
on the rest of the brain. This knowledge has giv-
en rise to the search for other non-clinical assess-
ment techniques that can better understand brain 
function in these patients and overcome the limits 
of behavioral assessment in detecting possible re-
tained consciousness in unresponsive patients. (64)

Therefore, by combining behavior to functional 
brain imaging, we may not only correct some di-
agnosis errors but also eventually discover some 
behavioral complements to unconscious cortically 
driven patterns of activity in uws patients. Chang 
proposed a new terminology of docs joining clin-
ical and functional brain imaging evidence and 
suggested replacing the term mcs by cortically 

mediated state (cms) and dividing the four major 
clinical states (comatose, uws, cms, and conscious 
states) into eight categories, according to the source 
of evidence used to define them . As an interim 
conclusion, the crs-r enables us to differentiate 
behaviors relying on cortical activity from those 
that do not. This clinical tool, therefore, constitutes 
a powerful probe of cms. From this perspective—
and in the strictest sense—, the crs-r enables us to 
recognize cms rather than mcs. (64)

The classification of docs is based on clinical 
findings plus neuroimaging techniques, such as 
quantitative eeg, quantitative high-density eeg,  
fmri, and pet. Nonetheless, these methods are not 
widely available and may be logistically complicat-
ed in mechanically ventilated patients. (64)

There is no conclusive way to clinically assess 
“internal awareness” in a patient otherwise incapa-
ble of expressing awareness in response to external 
environmental stimuli. Internal awareness is a sub-
jective dimension of consciousness. Consequently, 
it is supposedly impossible to exclude that some 
docs are indeed conscious. Assessing the preserva-
tion or absence of one or both consciousness com-
ponents is crucial for classifying docs. (16,73)

Coma is a sleep-like state of unarousability and 
unresponsiveness without evidence of self-aware-
ness or awareness of the environment, occurring 
after severe brain injury. Patients surviving severe 
brain damage may end up in a coma. This state 
may arise following structural or metabolic le-
sions to the brainstem reticular system or due to 
widespread bilateral cerebral damage. Patients in 
a coma show a continuous absence of eye opening 
and spontaneous or stimulus-induced arousal or 
voluntary behavioral responses. Hence, they are 
neither awake nor aware. (46)

Nonetheless, coma is a time-limited condition 
(it usually does not last longer than a few weeks) 
leading either to bd (i.e., permanent loss of brain-
stem functions), a uws, or regained consciousness. 
If the patients survive their brain lesions, they will 
first be plunged into a period of coma where they 
will be unarousable and unconscious. This period is 
transient, and after some days or weeks, the patients 
may evolve to bd, losing all brainstem functions 
permanently, i.e., no brainstem reflexes. (58,74,75)
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Jahi was diagnosed with bd because her clin-
ical examination demonstrated a sleep-like state 
of unarousability and unresponsiveness without 
evidence of self-awareness or awareness of the en-
vironment, no brainstem reflexes, no spontaneous 
respiratory drive (apnea), and that she required 
permanent mechanical ventilation. Nonetheless, 
ancillary tests, performed nine months after initial 
brain insult, showed conservation of intracranial 
structures, eeg activity, and autonomic reactivity 
to “Mother Talks” stimulus, demonstrating pre-
served function in both the brainstem and the 
cerebral hemispheres. All these findings speak 
against a diagnosis of  bd. (6,13)

She was not comatose because although she was 
clinically in a sleep-like state of unarousability and 
unresponsiveness without evidence of self-aware-
ness or awareness of the environment, (46,58,74) 
the complete absence of brainstem reflexes dis-
missed this possibility. (6,13) Repetitive clinical 
assessment excluded the presence of confounding 
factors (e.g., drug intoxication, hypothermia) that 
would have explained the absence of brainstem re-
flexes in suspected bd.13

As discussed, some comatose patients show a 
favorable outcome, recovering arousal signs, i.e., 
they open their eyes spontaneously or on stimu-
lation, but remain un-self-aware or unaware of the 
environment (showig only reflex motor response). 
(70) This condition was firstly named vegetative 
state (vs) in 1972. (76) More recently, vs, which can 
be erroneously considered as “vegetable”-like, has 
been recognized using a more descriptive and un-
biased term: unresponsive wakefulness syndrome 
(uws). (38,70,77) Therefore, Jahi McMath had no 
uws because she was not in a wakefulness state 
and showed partial responsiveness. Moreover, uws 
patients preserve fully or partially brainstem re-
flexes and usually breathe independently without 
mechanical ventilation. (6,13)

Another condition, lis, (45,72) characterized 
by a highly restricted ability to demonstrate mo-
tor responses indicating awareness due to dys-
function of the corticospinal tracts, is frequently 
wrongly included as a doc. (6,42,78,79) lis tradi-
tionally refers to patients who are totally paralyzed 

(ophthalmoplegia, anarthria, tetraplegia) but fully 
conscious and able to use vertical eye movements 
or blink to communicate. Therefore, lis is not a 
doc but can be (and often is) mistaken for one. 
Moreover, patients with lis due to acute brainstem 
lesions may first be in a coma and progressively 
wake up throughout the following days but remain 
paralyzed and voiceless, resembling patients with 
uws. It has been affirmed by several authors that 
patients with lis do not inevitably rate their qual-
ity of life as meaningless. The pupillary reflex is 
regularly preserved in lis and might be the only 
remaining brainstem reflex. (80) There are, how-
ever, single case reports of lis with dilated pupils. 
Therefore, clinicians must be aware of possible pit-
falls in lis diagnosis. (72)

Jahi had not lis because she was not in a wake-
fulness state and only showed partial responsive-
ness. (6,42,78) Moreover, lis patients, although 
quadriplegic, usually preserve fully or partially 
brainstem reflexes, vertical eye movements, or 
blinking, and most patients respire on their own, 
not requiring mechanical ventilation. (72)lis pa-
tients may also be apneic with permanent or tran-
sient failure to trigger the ventilator. (81) Wijdicks 
has remarked that “I am particularly baffled when 
it is suggested that patients with no brainstem 
function might be locked in with functioning 
thinking parts of the brain.” (82) Nonetheless, Jahi 
theoretically, was in the most severe, imaginable, 
locked-in state. (6,42,78)

The uws can either not progress anymore or 
evolve to a state in which patients show inconsistent 
but reproducible, limited but discernible, evidence 
of self-awareness or awareness of the environment. 
(6,42,70,78,83,84) In 2002, the Aspen Neurobehav-
ioral Conference Workgroup referred to this condi-
tion as the “minimally conscious state” (mcs). (83)

Jahi was not an mcs patient, but this requires a 
more detailed discussion. mcs is a condition of se-
verely altered consciousness characterized by min-
imal, inconstant yet definite behavioral signs of 
self-awareness and awareness of the surroundings. 
Based on the level of their purposeful behavioral 
signs, mcs patients were recently subcategorized 
as mcs plus (command following, intelligible 
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verbalizations, or non-functional communica-
tion) and mcs minus (visual pursuit, localization 
of noxious stimulation, or contingent behavior 
such as appropriate smiling or crying to emotional 
stimuli). Patients may emerge from mcs once they 
regain the ability to communicate reliably or use 
objects functionally. (46,85)

The Aspen Workgroup stated that mcs shows 
both components of consciousness and proposed 
the following:(83,84)

Regarding arousal:
	◾ eyes open spontaneously; 

	◾ normal to abnormal sleep-wake cycle; 

	◾ arousal level ranges from obtunded to normal.

Regarding awareness:
	◾ reproducible but inconsistent evidence of 

perception;

	◾ communication ability; 

	◾ purpose-full motor activity; 

	◾ visual tracking often intact.

The Workgroup emphasized that in mcs, sleep-
wake cycles ranged from normal to abnormal. (83) 
In fact, this was reported by Cruse et al., who have 
shown, using an indirect measure of sleep-wake 
rhythmicity (wrist actigraphy), that a substantial 
amount of uws and mcs patients do not reveal sta-
tistically consistent circadian sleep-wake rhythms. 
However, sleep-wake cycles of mcs patients were 
more statistically reliable than UWS cases. None-
theless, an important warning is that the ostensible 
nonappearance of consistent circadian rhythms in 
some of their patients may result from a lack of 
sensitivity of the actigraphy method rather than 
from the actual absence of those rhythms. (86)

Moreover, Welek et al. studied day-night vari-
ations of eeg activity and sleep, recorded over 24 
hours at the bedside, and observed higher signal 
complexity during light-on periods than night-
time only in controls mcs patients. Furthermore, 
these day-night changes of brain dynamics ap-
peared to steadily rise from uws to mcs in control 
participants, which reflect their cognitive capabili-
ties or degree of conscious awareness. (87)

Hence, Jahi was not an mcs. mcs From the neu-
robehavioral point of view, a key difference is that 
she did not preserve arousal as mcs patients do be-
cause she was in a sleep-like condition, resembling 
either a coma or a  bd state. It was not determined 
if she maintained some remaining sleep-wake cy-
cles using neurophysiological techniques. (6,42,88) 
She showed partial awareness, indirectly assessed 
by videos, according to Dr. Shewmon, (7-9) and 
by my autonomic findings from Mother Talks 
stimulus. (13,42) It is possible to state that she 
demonstrated reproducible but inconsistent evi-
dence of perception, communication ability, and 
purpose-full motor activity. Of course, she did not 
show visual tracking. (13)

Furthermore, mcs patients preserve fully or 
partially brainstem reflexes and regularly breathe 
on their own, without mechanical ventilation. 
Wannez et al. has emphasized that the crs-r is the 
most sensitive scale to differentiate the different 
docs, and eleven items of the scale allow detecting 
the mcs. (89) The crs-r comprises 23 items dis-
tributed in six subscales assessing different func-
tions, i.e., auditory, visual, motor, and oromotor/
verbal functions, communication, and arousal. 
According to Giacino et al., the crs-r is capable of 
distinguishing uws from mcs. (90) If the examiner 
assesses only five items, movement to command, 
visual pursuit, fixation, localization to noxious 
stimulation, and automatic motor response, almost 
99 % of patients will be correctly diagnosed as mcs. 
(89) The application of the crs-r to Jahi resulted in 
a very low value (i.e., 3), not corresponding with 
mcs patients’ usual crs-r scores. (6,13,14,42)

Another crucial difference is that mcs has al-
ways been described as a transitional state between 
coma, uws, and a higher level of consciousness. 
Moreover, clinical findings well-matched with mcs 
may occur at onset, without an identifiable peri-
od of coma or uws. Some patients may endure an 
mcs as a chronic condition. (42,71,78,84) But an 
mcs has never been reported in a patient with all 
clinical bd findings: absent brainstem reflexes and 
apnea. (6,13,14,42) Furthermore, Jahi was not in a 
cms, regarding the new classification recently pro-
posed by Naccache.91
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Pathophysiological Explanation  
of Partial Awareness Preservation 
in Jahi McMath
Pavizi and Damasio reported a case series includ-
ing 47 patients with isolated brainstem lesions, of 
whom nine were in a coma. (69) These authors af-
firmed that long-duration coma is often correlated 
with bilateral lesions of either the upper pontine 
tegmentum or the upper pontine and mesen-
cephalic tegmentums. The lesions of the upper 
pontine tegmentum involved the raphe complex, 
locus coeruleus and subcoeruleus (lc), laterodor-
sal tegmental nucleus (ldt), pedunculopontine 
tegmental nucleus (ppt), pontis oralis nucleus 
(po), and lateral and medial parabrachial nuclei 
(lpb, mpb). The local connections between these 
nuclei and the ascending central tegmental tract 
were also disengaged. These authors remarked that 
the maximum lesion overlay area in patients with 
coma matched the location of the po, lc, raphe, 
ldt, and lpb/mpb nuclei. Interestingly, most of the 
reported patients later regained consciousness. The 
findings of a recent voxel-based lesion-symptom 
mapping study confirmed the obligatory involve-
ment of rostral dorsolateral pontine tegmentum in 
brainstem coma. (92)

Several authors have affirmed that preserving 
some structures is mandatory to establish some 
degree of consciousness in humans: critical parts 
of the mesopontine reticular formation, its dorsal 
pathway to the thalamocortical or its ventral path-
way to the cortico-cortical projection systems, and 
parts of the associative cerebral cortices. (4,45,58)

Snider et al. mriassessed the ascending arousal 
network (aan) using mri high-angular-resolution 
diffusion technology in patients in a coma with a 
traumatic injury. These authors used the probabilis-
tic tractography method to measure the connectiv-
ity probability (cp) of aan axonal pathways linking 
the brainstem tegmentum to the hypothalamus, 
thalamus, and basal forebrain. Compared to con-
trols, patients showed a reduction in aan pathways 
connecting the brainstem tegmentum to a region of 
interest encircling the hypothalamus, thalamus, and 
basal forebrain. When each pathway was examined 

individually, brainstem-hypothalamus and brain-
stem-thalamus cp, but not brainstem-forebrain cp, 
were significantly reduced in patients. Hence, these 
authors emphasized that the relative conservation of 
brainstem-forebrain cp in comatose patients is un-
expected, given confirmation from animal studies 
that brainstem-forebrain connectivity contributes 
to consciousness. They concluded that brainstem 
disconnection from the basal forebrain might not 
be essential to produce coma, but conserved brain-
stem-forebrain connectivity is still a requisite for 
regaining consciousness. (93)

Resting-state fmri studies have shown that the 
midline frontoparietal “default mode” connectiv-
ity reflects internal awareness (i.e., spontaneous 
thoughts, inner speech, and mind-wandering that 
disappears in bd and decreases in uws). (94) None-
theless, consciousness does not maintain a simple 
one to one relationship with higher or lower brain 
structures. (5,16,61)

Varela et al. opined that there is a small minori-
ty of patients who have a massive primary injury to 
the brainstem (e.g., from basilar artery thrombo-
sis), and even though they are in a deep coma, have 
preserved cbf and eeg, which may be questionable 
indicators of remaining consciousness in isolated 
cases. These authors have also questioned whether 
patients with this type of brainstem injury might 
recover function or consciousness at some level. (39)

In 1994, in a theoretical paper about the defini-
tion of death, on neurological grounds, the author 
of this paper proposed:(33)

“In cases fulfilling the ‘brainstem criteria of  BD,’ 
with primary brainstem lesions, and preserved ce-
rebral hemispheres, stimulation of non-specific tha-
lamic nuclei, might produce some degree of arousal.”

Walter et al. have suggested that from the anatom-
ic point of view, the “brainstem-death” syndrome can 
hypothetically happen without relevant lesion of the 
mesopontine tegmental reticular formation. (4,45) 

Although a detailed review of the contribu-
tion of neuronal input from the brainstem to the 
function of the cerebral hemispheres is outside the 
scope of this article, it has been extensively inves-
tigated in animal models by Bremer in 1935 (the 
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cerveau isolé), (95) Lindsley et al. in 1949 (the en-
cephale isolé), (96) and other authors. (97)

As previously noted, Jahi McMath’s mri 
demonstrated a large lesion in the pons. Hence, 
several reasons might explain the intermittent 
conscious responses in this patient, including the 
relative intactness of the upper brainstem, thal-
amus, and cortex and the partial sparing of the 
mesopontine tegmental reticular formation. She 
might also have preserved its connections to the 
thalamocortical or its ventral pathway to the cor-
tico-cortical projection systems, and parts of the 
associative cerebral cortices. (6,13,42) Therefore, 
Walter et al. were not far from the truth when 
they hypothesized that “a brainstem lesion may 
cause an apneic total locked-in syndrome, a rare 
syndrome with preserved capability for conscious-
ness, mimicking brainstem death.”(4,45)

CONCLUSION
In this paper, I reviewed the case of Jahi McMath, 
who was diagnosed with bd. I have comprehensive-
ly discussed that she did not have bd uws or lis or 
was in a coma, mcs or cms, regarding the recent 
classification of docs proposed by Naccache. She 
was closer to the diagnosis of lis but did not fulfill 
the diagnostic criteria for this state. She could be 
described as having unawake lis. (6,13,42) 

Jahi McMath was an unusual and quarrelsome 
case. It does not deny the concept of  bd but brings 
again the needs of using ancillary tests in  bd con-
firmation up for discussion. (6,13,14,16,42,98) 

I concluded that Jahi had a new doc, non-pre-
viously described, that I have termed: “reponsive 
unawakefulness syndrome” (rus). 
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