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FIXED R-R INTERVALS

IN BRAIN DEATH

I. Ozcan Ertiirk* + Hilmi Uysal** + Unase Biiyiikkogak*** +
Miinire Kiling****

SUMMARY

Diagnosis of brain death is one of the most chal-
lenging problems in medical practice. Reliable
tests must be used in the assessment of brain death
because the diagnosis must be 100 percent cor-
rect.

The variation of R-R intervals in brain death has
not been evaluated systematically. In this study,
we attempted to find a correlation between the
diagnosis of brain death and the variation of R-R
intervals. We observed that R-R intervals in our
intensive care unit patients were becoming sta-
tionary by the time of brain death diagnosis. In our
study, electrocardiogram and Holter recordings
were taken for six patients (age: 16-66 years) with
the clinical criteria of brain death. No change in
heart rate was observed during carotid massage
and artificial ventilation. We suggest that this find-
ing, which we have termed “fixation of R-R inter-
vals”, might be useful in evaluating brainstem
damage and in diagnosing brain death.
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OzZFT

R-R INTERVALLERI BEYIN OLUMUNDE SABIT-
LESIR

Beyin olumti tarusi tibbi pratikte en karmagik
problemlerden birisidir. Taninin %100 dogru ol-
masi gerektigi icin beyin 6limdnin degerlendiril-
mesinde gtivenilir testlerin kullanilmas: gereklidir.

Beyin oltiimiinde R-R intervallerinin degiskenligi
hentiz sistematik olarak incelenmemis bulunuyor.
Bu galismada beyin 6ltimi tanist ile R-R interval-
lerinin degigkenligi arasinda korelasyon olup ol-
madigini incelemeyi planladik. Yogun bakim dini-
temizde beyin éliimu tanisi kondugunda R-R inter-
vallerinin sabitlegtigini gézlemledik. Beyin 6ltimi
klinik kriterlerine sahip 6 beyin zedelenmesi olan
hastanin (yaglar 16 ile 66 arasinda) elektrokardi-
ogram ve Holter kayitlari alindi. Karotis masaji ve
mekanik solunum sirasinda kalp hizinda degisiklik
olmadigini gézlemledik. Bu durumu “R-R interval-
lerinin sabitlesmesi” olarak adlandirdik. Bu bulgu-
nun beyinsapi hasarinin degerlendirilmesi ve be-
yin 6limi tanisinda yararl oldugunu dugiindyo-
ruz.

Anahtar Kelimeler: Beyin Oliimi, R-R intervalle-
ri

The main findings in brain death are coma, examination for the diagnosis of brain death
absence of brainstem reflexes and the demonstra- - includes investigation of cerebral hemisphere
tion of apnea. Persistence of these clinical signs functions and brainstem reflexes as well as labo-

determines the diagnosis of brain death. Clinical ratory tests.
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FIXED R-R INTERVALS IN BRAIN DEATH

The clinical diagnosis of brain death is not
generally a difficult problem; however, it carries
a great responsibility, because it must be 100 per-
cent correct. Several committees and reviewers
have proposed clinical criteria for brain death
(1,2,3). Most brain death codes allow for the use
of electroencephalography (EEG), which must
demonstrate electrocortical silence over a certain
period. Cerebral evoked potentials (EP) can also
be used to demonstrate the successive loss of
activity of various pathways, and other neuro-
physiological tests demonstrating the loss of cere-
bral perfusion can also be implemented. Brain
scintigraphy can confirm the loss of isotope
uptake into the brain, and Doppler sonography
can be used to demonstrate cessation of brain
perfusion. In essence, brain death is diagnosed
when there is no discernible evidence of either
cerebral hemisphere or brainstem function for an
extended period of time, usually 12 hours or
more, and when the loss of brain functions is the
result of a structura| brain disease and not of a
reversible metabolic disease or of depression
caused by drugs.

We observed that the R-R intervals of patients
in our intensive care unit (ICU) were becoming
fixed along with the diagnosis of brain death. As
variation of R-R intervals have not been evaluat-
ed systematically in brain death, we aimed to
focus on this issue using our patient data.

METHOD

Six cases of brain death (ages: 16-66 years)
with fixed R-R intervals were observed in our

ICU. Brain death was diagnosed according to the
existing criteria, based on clinical examination
results supported by EEG, EP and cranial comput-
ed tomography. After admission to the ICU,
patients’ pulse rates, blood pressure (by arterial
catheter), temperature, saturation of oxygen, etc.
were monitored. The patients were all in unre-
sponsive comas, they were not breathing sponta-
neously, and they had absent cephalic reflexes
with non-reactive fixed pupils. Spinal segmental
reflexes were occasionally observed.

The etiologies leading to brain death included
cerebrovascular event, head injury due to traffic
accident, respiratory arrest due to acute respira-
tory distress syndrome and bullet-induced head
injury (Table 1). Patients were ventilated using
10/min inspiration and expiration cycles, gener-
ally with a 500 cc volume. The respiratory supply
was turned off only in the event of spontaneous
cardiac arrest. None of the patients’ relatives gave
their consent for organ transplantation after the
declaration of brain death.

In all cases, 12-lead electrocardiograms (ECG)
were obtained at least twice a day, with at least
50 beats per second, and continuous ECG moni-
toring was carried out for at least two hours with
the aid of a Holter system. R-R intervals and heart
rate variations were measured from the records in
25 consecutive beats. Heart rates were measured
during carotid massage, applied to either carotid
for two minutes, with 10 minutes intervals and
during artificial ventilation.

Table 1: Age, sex, etiology, tests and follow up distribution of cases.

NoAge Sex Cause of the Duration of artlficlal EEG  Cephallc BAER Apnea Followup  R-R Intervals
Brain Death ventilatlon (day) reflexes test

1 66 Female Cerebrovascular accident 6 Flat  Negative No response No response  Exitus Fixed

2 45 Male Cerebrovascular accident 5 Flat  Negative No response No r.esponse Exitus Fixed

3 62 Male Traffic accident, severe head trauma 5 Flat Negative No response No response  Exitus Fixed

4 38 Male Acute respiratory distress syndrome and
respiratory arrest 3 Flat Negatlve No response  Not done Exltus Fixed

5 22 Male Bulletinjury, head trauma 5 Flat  Negative No response No response  Exitus Fixed

6 16 Female Traffic accident, severe head trauma 12 Flat Negative No response No response  Exitus Fixed
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RESULTS

R-R intervals were found to be fixed during
artificial ventilation over a determined period of

time (minimum: 1 minute) (Figure 1). Heart rate

was observed to change with increased body
temperature and rate of dopamine infusion.
However if the vital signs were stable, the R-R
intervals were fixed for at least one minute; in
other words, there was no change in R-R inter-
vals. We referred to this condition as “fixation of
R-R intervals” (Figure 2). No change in heart rate
was observed during carotid massage applied to
either carotid or during the application of painful
stimulus (Figure 3). We also observed by Holter

monitoring that the heart rate was fixed if there

were no external factors.
DISCUSSION

Cardiac activity is normally under the antago-
nistic influence of the intracranial parasympathet-
ic (vagal dorsal nucleus) and the extracranial
sympathetic systems (4). Three vagal areas partic-
ipate in cardiac control. The principal parasym-
pathetic afferent input via the nodosa ganglion is
to the nucleus of the solitary tract. Cardiac motor
efferent sources are the nucleus ambiguus and
dorsal vagal nucleus. The principal medullary site
of sympathetic cardiac control resides in the ros-
tral  ventrolateral medulla. In addition,
supramedullary areas such as the parabrachial
nucleus in pons, hypothalamus, amygdala, insu-
lar cortex, medial medullary region, temporal
lobe and cingulate gyrus have important func-
tions in cardiac control mechanisms.

All of the effects of CNS elements on cardiac
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functions disappear in brain death (5,6). The
effects of the parasympathetic system disappear
directly. The sympathetic system is affected indi-
rectly with the disappearance of the effects of
afferent impulses on the central and cervicotho-
racal systems. As a result of all these changes,
cardiac pacemakers are released from the effects
of central regulating systems. They gain autono-
my, and start to work with their own rhythms.

Since the variation of R-R intervals are influ-
enced by the respiratory center in the medulla
and by parasympathetic nervous system activity
associated with the vagal nerve circuit, this vari-
ation might be lost in brain death, resulting in
fixed R-R intervals.

The coefficient of variation of R-R intervals
has been reported to decrease in some conditions
such as peripheral neuropathy, barbiturate intox-
ication and presence of severe brainstem lesions
(7,8,9). There are only a few reports examining
the relationship between R-R intervals or heart
rate variation and brain death. Neru et al report-
ed on four children with brain death among a
group of patients, in which they observed an
extremely low coefficient of variation of R-R
intervals (1.00-1.29%) with brain death (7).

We also observed fixed R-R intervals in our
adult patients with brain death. We believe that
this is a result of autonomic dysfunction due to
severe brain damage. Therefore, we suggest that
the investigation of R-R interval variations might
be useful in evaluating and diagnosing brain
death. We conclude that “R-R interval fixation” is
a confirmatory test and could be included in the
protocol for assessment of brain death.
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Figure 1: No change in heart rate with artificial ventilation.
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Figure 2: Heart rate stability - “fixation of R-R intervals”.
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Figure 1: No variation in heart rate during carotis massage
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