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Short report

Apnoea testing to confirm brain death in clinical
practice
CA VAN DONSELAAR,* JD MEERWALDT,* J VAN GIJNt

From the Departments ofNeurology, University Hospital Dijkzigt,* Rotterdam, and University Hospital
Utrecht,t Utrecht, The Netherlands

SUMMARY In six patients an apnoea test was carried out to confirm brain death according to a
protocol recommended in the USA. After ten minutes' apnoea the pCO2 did not reach the target
value of 7-98 kPa (60 mm Hg) in any of these patients. This was caused by the low initial value and
the slow increase of the pCO2. Moreover, we could not confirm the belief that the necessary
duration of the apnoea test can be predicted by assuming a rise of the pCO2 of0-33 kPa (2 5 mm Hg)
per minute.

The absence of spontaneous breathing is an essential
criterion for the diagnosis of brain death. In order to
confirm apnoea, the pCO2 level must be high enough
to provide supramaximal stimulation of the respira-
tory centre, as otherwise a posthyperventilation
apnoea could be misinterpreted as a permanent
apnoea.'

Various methods of performing an apnoea test
have been recommended. According to the method
proposed in the UK, the patient is preoxygenated
with 100% oxygen for 10 minutes. Subsequently,
lowering the rate of the ventilator or delivering a
mixture of 5% carbon dioxide and 95% oxygen for
5 minutes is expected to increase the pCO2 to 5 3 kPa
(40mm Hg) or higher at the beginning of the apnoea
test. Ten minutes ofdisconnection from the ventilator
would then be amply sufficient for the pCO2 to rise
above the target value of 6 65 kPa (50 mm Hg).2 Dur-
ing the apnoea test oxygen is administered through an
endotracheal tube at a rate of six litres per minute.

In the USA it is recommended to pre-ventilate the
patient for 10 minutes, either with a mixture of
5% carbon dioxide and 95% oxygen, or with 100%
oxygen. A disconnection of 10 minutes would then
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usually be sufficient to reach the required pCO2 level
of 7-98 kPa (60 mm Hg). Again six litres oxygen per
minute are given through an endotracheal tube dur-
ing the test.3

In the present study we tested the method advised
in the USA of pre-ventilating the patient for 10
minutes with 100% oxygen, followed by discon-
nection from the respirator for at least 10 minutes.
In addition, we tested the notion that it is possible to
predict the required duration of the apnoea test from
the initial pCO2 level by assuming that the pCO2 rises
with 0 33 kPa (2.5 mm Hg) per minute.4

Methods

The apnoea test was carried out in six patients, five ofwhom
were women: the age was 35 years in one patient and 54-57
in the other five. All patients fulfilled the following criteria:

(1) Structural brain damage was confirmed by CT scan-
ning: subarachnoid haemorrhage in three patients, throm-
bosis of the superior sagittal sinus in patient no 3, cerebral
concussion in patient no 5, and cerebral haemorrhage in
patient no 6.

(2) No evidence of drug intoxication or of metabolic dis-
turbances. The temperatures in all patients ranged from 34 5
to 35.90 C. All patients were in a well-nourished state. None
of the patients was suffering from severe lung disease.

(3) Absence of pupillary responses to light, corneal
reflexes, oculocephalic, oculovestibular and coughing
reflexes. No motor responses to painful stimuli applied to
the face or to the arms.

(4) Isoelectric EEG.
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Fig Rise ofpCO2 in six presumably brain-dead patients
during apnoea. The dotted lines represent the levels ofpCO2
that are requiredfor the diagnosis ofbrain death in the UK
(lower line) and the USA (upper line).

All patients were pre-ventilated with 100% oxygen for 10
minutes, while the rate of the ventilator was not changed.
After this period the patient was disconnected for 14
minutes, while six litres of oxygen per minute were adminis-
tered through an endotracheal tube. Via an arterial line,
the blood pressure was continuously measured and blood
samples were taken immediately after disconnection and
then every two minutes. The samples were kept on ice and
blood gas analysis was performed immediately after the test.
The values were corrected for the temperature of the patient.
YHeart rate and respiration curves were visible on a monitor.

Results

None of the patients started to breathe during the
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test or made breathing-like movements. There were
no disturbances of heart rate or changes in blood
pressure.
The oxygenation remained adequate during the

test. At the beginning of the test the average P02 was
52-1 kPa (392 mm Hg), the range 37 3-60 0 kPa
(281-451 mm Hg). At the end the mean P02 was 46-3
kPa (346 mm Hg), the range 14 8-57-2 kPa (111-430
mm Hg). The pH decreased from an average of 7.55(7 43-7 67) to 7 29 (7 16-738), with an average
decrease of 0-019 per minute (0 015-0-02 1).
The figure shows the increase in pCO2 per patient.

At the beginning of the test, the pCO2 had a mean
value of 2 8 kPa (21 mm Hg), and a range of 2 4-3 7
kPa (18-28 mmHg). At the end the average pCO2
was 645 kPa (49 mmHg), the range 5-6-8-6 kPa
(42-65 mm Hg). In only one patient the pCO2
exceeded the limit of 6-65 kPa (50 mmHg) after 8
minutes of apnoea, and also the limit of 7 98 kPa
(60mm Hg) after 12 minutes of apnoea. The increase
over the whole period showed an average of 0-26 kPa
or 1 95 mm Hg (range 0 21-0 35 kPa or
16-226mm Hg) per minute and was not strictly
linear. Over the first 4 minutes the increase was on
average 0 34 kPa or 2-6 mm Hg (range 0-23-0 48 kPa
or 1 7-3 6 mm Hg) per minute and over the following
10 minutes 0 23 kPa or 1 7 mmHg (range 0 13-0-33
kPa or 1 4-2 5 mmHg) per minute (Student's t test
for paired samples p < 0 03). The table shows the
values of the pCO2 for each patient. The increase in
PCO2 over the last 10 minutes of the test was extrapo-
lated in order to estimate how long the test should
have lasted to reach a pCO2 value of 6 65 kPa (50
mmHg) or 798 kPa (60 mm Hg). The mean and
range of these intervals were 16 minutes (8-19) and 22
minutes (12-26), respectively. Finally we calculated
the predicted pCO2 value after 14 minutes' apnoea
assuming an increase of 0-33 kPa (2 5 mm Hg) per
minute.4 According to this method an apnoea test of
14 minutes should in all patients have been sufficient
to have the pCO2 rise above 6 65 kPa (50 mm Hg),
but in fact this occurred only in one patient (no 3).

Table Apnoea test in 6 presumably brain-dead patients

Patient no pCO2 in kPa Rise ofpCO2 in kPa/min Estimated time in minutesfor ExpectedfCO2 after 14 min
the pCO2 to reach ofapnoea in kPa

0 10 14 min. apnoea 0-14 min 4-14 min 6-65 kPa 7-98 kPa

1 224 53 62 027 021 17 23 702 29 57 6-2 024 0-18 17 24 753 37 7 1 86 035 033 8 12 834 27 50 59 023 022 18 24 735 26 57 62 026 023 16 22 726 26 49 56 021 021 19 26 72
pCO2 values at the beginning and after 10 and 14 minutes. The times necessary to reach a pCO2 of 6-65 kPa (50 mm Hg) and 7-98 kPa(60 mm Hg) were extrapolated from the rise from 4 to 14 minutes. In the last column, the expected pCO2 after 14 minutes' apnoea is calculatedfollowing the method of Ropper.4
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Discussion

Our results show that 10 minutes of apnoea in six
presumably brain-dead patients, preceded by venti-
lation with 100% oxygen for 10 minutes and accom-

panied by administration of six litres of oxygen per

minute through an endotracheal catheter did not
cause hypoxia (95% confidence limits for all cases

54-100%), but failed to result in pCO2 levels required
for maximal stimulation of the respiratory centre.
In five out of six patients the rise was insufficient to
reach even the lowest of the two official limits (95%
confidence limits 36-100%). This can be explained
partly by the low pCO2 levels at the onset of apnoea
in our patients and partly by the slow increase of the
pCO2, at an average of 0-26 kPa (1.95 mm Hg) per

minute.
In previous studies on brain-dead patients the

initial pCO2 values were higher (mean 4-4 kPa
(33 mmHg),' 4.5 kPa (34 mmHg),6 3.3 kPa

(25 mmHg)78 and 5-2 kPa (39 mmHg)9), and the
increase of the pCO2 per minute was greater (mean
0-43 kPa (3-2 mm Hg) per minute in a 10 minute
apnoea test in seven patients,5 0-32 kPa (2-4 mm Hg)
per minute in 14 patients in an apnoea test of 20
minutes,6 0-34 kPa (2.58 mm Hg) per minute after an
unknown period in 36 patients,4 0 34 kPa (2-6
mm Hg) per minute in a 14 minute apnoea test in 12
patients8 and 0 53 kPa (4 mm Hg) per minute in a 5

minute apnoea test in 10 brain-dead children9). The
duration of the apnoea test is important because we

found that the increase is not linear. It is possible that
the rise in pCO2 is related to the initial pCO2, but we
could not confirm this hypothesis from our own

observations, because the initial values were within a

small range.
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Instead of preoxygenation only, the method of sub-
sequently preventilating the patient with a mixture of
5% carbon dioxide and 95% oxygen or of lowering
the rate of the ventilator may be better suited to reach
the desired level of pCO2 after 10 minutes of apnoea.
Until such a method has been rigorously tested, blood
gas determinations are necessary both at the start and
at the end of the apnoea test.

We thank Mrs J Doornbosch-Konijn for secretarial
help.
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