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Abstract

Background: The apnea test, which is considered positive when no 
spontaneous breathing movements are observed following maximal 
hypercapnia (PaCO2 > 55 mm Hg) respiratory center stimulation, was 
critically evaluated in this study by assessment of blood gas analy-
ses performed during brain death protocols from 2010 to 2017, in 
the intensive care units of the Universidade Estadual de Campinas 
(UNICAMP).

Methods: A retrospective cohort analysis based on the intensive care 
unit and Transplant Organ Search Organization data banks. Blood 
gas analyses before (pre-first and -second apnea tests) as after (after-
first and -second apnea tests) were assessed. Descriptive statistical 
analyses of the numerical variables (such as pH, PaO2, PaCO2, HCO3, 
SatO2) with mean values and standard deviation, medians, and quar-
tiles were performed. The Student’s t-test was used for pairwise group 
comparisons. A P < 0.05 level was adopted for significance.

Results: Eighty-seven protocols were evaluated. The mean apnea 
test duration was 11 min. All of the patients were under vasoactive 
drugs. Only five apnea tests were interrupted before the end at 10 min 

due to rapid desaturation (SatO2 < 90%), with no invalidated apnea 
test. Mean and standard deviation of blood gas tests assessed before 
the first apnea test were: pH 7.35(± 0.10), PaO2 252.15 mm Hg (± 
114.11), PaCO2 42.78 mm Hg (± 10.84); after the first apnea test: pH 
7.11(± 0.08), PaO2 208.39 mm Hg (± 112), PaCO2 82.43 mm Hg (± 
16.91); before the second test: pH 7.33 (± 0.09), PaO2 253.56 mm 
Hg (± 105.36), PaCO2 43.76 mm Hg (± 9.67); following the second 
apnea test: pH 7.11 (± 0.10), PaO2 200.1 mm Hg (± 116.45), PaCO2 
84.98 mm Hg (± 20.21). The pH, PaO2, and PaCO2 values before and 
after the first and second apnea tests have shown statistically signifi-
cant differences (P < 0.0001).

Conclusions: The apnea test was safe, blood gas test results are simi-
lar to those described in the literature, severe hypoxemias were pre-
vented by a quick reconnection to the mechanical ventilation; and 
marked hypercapnia and acidemia following the apnea test were 
found, but no test was invalidated.
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Introduction

After the cause of the coma is identified, the total and ir-
reversible interruption of all brain functions means clinical 
and legal death [1]. During the development of this work, 
the diagnosis of brain death (BD) was conducted according 
to the the Conselho Federal de Medicina (Brazilian Federal 
Medical Council (CFM)) Decision No. 1,480, August 21, 
1997. Once a non-reflexive coma is diagnosed, the protocol 
establishes that two clinical examinations should be per-
formed, plus two apnea tests (ATs), and ancillary tests [2] 
with a minimum 6-h time interval for adult patients. The AT 
is deemed indispensable for diagnosing BD. It should be rig-
orous enough to prove that there are no respiratory move-
ments evoked by maximal respiratory center stimulation 
(PaCO2 > 55 mm Hg). Potential complications are related 
to harmful effects from prolonged exposure to acidemia, hy-
percapnia, or hypoxemia. Low blood pressure, arrhythmias, 
and/or hypoperfusion, which may lead to interrupting the test 
and impairment of organ function are mentioned. This condi-
tion may impact the quality and survival of the organs to be 
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donated [3]. In this trial, we aimed to assess the safety of ATs 
in patients undergoing a BD protocol.

Materials and Methods

This was an observational, retrospective cohort study, based on 
analysis of the continued registration data bank from the inten-
sive care unit (ICU) of the Hospital das Clinicas, State Univer-
sity of Campinas (HC-UNICAMP) and the Transplant Organ 
Search Organization, in compliance with the Brazilian Federal 
Medical Council Decision No. 1,480/97, from 2010 to 2017.

In this convenience sample, all consecutively admitted pa-
tients eligible for a diagnosis of BD, and with complete clinical 
records, were included. The inclusion criteria were: age above 
13 years, established etiology of coma (Glasgow coma scale = 
3), absence of severe endocrine and metabolic disorders pos-
sibly causing coma, body temperature above 35 °C, hemody-
namic stability with systolic blood pressure (SBP) above 90 
mm Hg (even if under vasoactive drugs), and no sedative, hyp-
notic and/or neuromuscular blocking drugs [2]. Patients with 
incomplete clinical records and with a cardiorespiratory arrest 
before the protocol completion were excluded.

From the initial sample of 102 notifications of BD, 87 pro-
tocols were evaluated (Fig. 1). The sample profile was charac-
terized by descriptive statistics of the numerical variables with 
their respective mean and standard deviation values. Inter-
group comparisons were made using the Student’s t-test. The 
trial project was approved by the UNICAMP Institutional Eth-
ics Committee (CAAE #83229417.0.0000.5404). This study 
was conducted according to the STROBE Statement checklist 
for cohort studies, the Equator network.

Results

The study population characteristics are displayed in Table 1.
Eighty-seven protocols were evaluated. Within our popu-

lation, the main age was 42 (± 16) years old and mostly male 

individuals 66% (n = 57). The most common coma etiology 
was traumatic brain injury (n = 38) followed by vascular caus-
es (hemorrhagic stroke, n = 20, brain aneurysm, n = 7 and is-
chemic stroke, n = 7). Both sodium (Na 154 ± 13 mEq/L) and 
hemoglobin (Hb) (10 ± 2 mg/dL) were measured previously in 
the protocol.

The mean AT duration was 11 min. All of the patients were 
under vasoactive drugs. Only five ATs were interrupted before 
the end at 10 min due to rapid desaturation (SatO2 < 90%), 
with no invalidated AT.

The assessed variables were pH, HCO3, PaO2, PaCO2, and 
SatO2, both before and after the AT. The differences between 
the first and second ATs are shown in Figures 2 and 3.

Mean and standard deviation of blood gas tests assessed 
before the first AT were: pH 7.35 (± 0.10), PaO2 252.15 mm 
Hg (± 114.11), PaCO2 42.78 mm Hg (± 10.84), HCO3 22.77 
mEq/L (± 3.82), SatO2 98.77% (± 2.44). After the first AT, we 
found: pH 7.11 (± 0.08), PaO2 208.39 mm Hg (± 112), PaCO2 
82.43 mm Hg (± 16.91), HCO3 25.2 mEq/L (± 3.87), SatO2 
96.31% (± 5.41). Before the second AT: pH 7.33 (± 0.09), 
PaO2 253.56 mm Hg (± 105.36), PaCO2 43.76 mm Hg (± 
9.67), HCO3 22.66 mEq/L (± 3.5), SatO2 99.09% (± 1.48). Fol-
lowing the second AT: pH 7.11 (± 0.10), PaO2 200.1 mm Hg (± 
116.45), PaCO2 84.98 mm Hg (± 20.21), HCO3 25.13 mEq/L 
(± 3.81), SatO2 95.14% (± 6.86).

Increased PaCO2 values (above 55mm Hg) and low pH (< 
7.2) levels were found. The pH, PaO2, and PaCO2 values be-
fore and after the first and second ATs have shown statistically 
significant differences (P < 0.0001).

Discussion

During this trial, the diagnosis of BD included two neurologi-
cal examinations with a minimum 6-h interval, with two ATs 
following each neurological assessment, and ancillary tests 
[2]. In December 2017 the Brazilian Federal Medical Coun-
cil has issued the Decision 2.173; the main changes in this 
document included reducing to 1 h the minimal time interval 

Figure 1. Flowchart of protocols.
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between the first and the second clinical assessments and per-
forming one single AT [4, 5]. It is known that coma patients 
progressing to BD have increased catecholamine and cytokine 
release, in addition to triggering of the inflammatory cascade. 
These changes disrupt homeostasis, leading to hemodynamic 
instability and organ dysfunctions. This physiological deterio-
ration may, in case of donation, impact graft viability [6-9]. 
Additionally, during the AT, to reach the diagnosis of a defini-
tive respiratory center impairment, it is required to increase the 
PaCO2. Systemic acidosis, required for maximal respiratory 
center stimulation, causes detrimental hemodynamic effects, 
such as myocardial depression, hypotension, and arrhythmias 
[9-15]. The test methodology, either by apneic oxygen diffu-
sion or positive end-expiratory pressure, reduces hypoxemia 
and desaturations, however, has no impact on CO2 increase 
[3, 12].

Regarding PaO2 pre- and post- the first and second ATs, 
we found a statistically significant difference (P < 0.0001), 
however, within the boundaries of safety (Figs. 2, 3). During 
this study, only five ATs were interrupted, two of them in the 
same patient, before 10 min due to rapid desaturation (SatO2 
< 90%). It should be stressed that for safely conducting the 
AT, some pre-requisites should be in place, such as appropriate 
medical training [13, 16, 17], and that some authors as Mas-
cia et al [18] advocate performing AT with continuous positive 
airway pressure therapy (CPAP), based on less physiological 
repercussion on the donor-to-be and improved short- and long-
term transplanted organs survival [19].

As previously reported, the resulting PaCO2 increase and 
acidemia may cause detrimental systemic effects. Reduced 
cardiac contractility (especially with pH < 7.20), arrhythmias 
(also due to increased serum potassium), reduced endogenous 
and exogenous cardiovascular response to catecholamines, 
increased pulmonary vasoconstriction (increasing right ven-
tricular afterload), in addition to the cell function itself, are 
mentioned. Studies suggest that a pH < 7.20 causes deep inhi-
bition of intracellular phosphokinase production and decreased 
cellular energy production [3, 20].

During the AT, PaCO2 displays a biphasic behavior, with a 
marked increase during the first minutes, up to 5 mm Hg/min 
and, later, ranging from 2 - 3 mm Hg/min [3]. Based on this, 
one should avoid starting an AT with PaCO2 values below 35 
mm Hg, as it would imply longer apnea time, and therefore, 
increased exposure to higher CO2 levels and acidemia caused 
by the respiratory acidosis and the mentioned detrimental ef-
fects, added to a risk of hypoxemia [21]. CO2 level may be 
better assessed by using end-tidal capnometry during the pre-
oxygenation phase, and/or using transcutaneous carbon diox-
ide partial pressure monitoring, which would provide a better 
CO2 increase assessment during apnea [21, 22].

We found increased PaCO2 values (above 55 mm Hg) 
and low pH (< 7.2) levels, however with no AT interruption 
or invalidation due to hemodynamic instability caused by aci-
demia. It should be noted that 100% of the patients were under 
vasoactive drugs (Table 1).

Based on this cohort, we conclude that the AT was safe. 
The blood gas parameters observed are similar to those men-
tioned in the literature. We stress that despite the hypercapnia 
and acidemia observed by the end of the AT, no test was invali-

Table 1.  Population Characteristics

Characteristics N = 87
Age, years
  Mean 42
  SD 16
Sex, n (%)
  Male 57 (66%)
  Female 30 (34%)
Coma etiology, n
  Traumatic brain injury 38
  Hemorrhagic stroke 20
  Brain aneurysm 10
  Brain tumor 9
  Ischemic stroke 7
  Anoxic encephalopathy 2
  Sepsis 1
Sodium (before AT), mEq/L
  Mean 154
  SD 13
Hemoglobin, mg/dL
  Mean 10
  SD 2
Duration of 1st AT, min
  Mean 11
  SD 2
Duration of 2nd AT, min
  Mean 11
  SD 2
BD protocol duration, h
  Mean 15
  SD 8
Use of vasoactive drugs, n (%)
  Yes 87 (100%)
ICU admission SOFA
  Mean 8
  SD 4
ICU admission APACHE II
  Mean 20
  SD 7
ICU admission SAPS 3
  Mean 54
  SD 15

AT: apnea test; SD: standard deviation; ICU: intensive care unit; SOFA: 
sequential organ failure assessment; APACHE: acute physiology and 
chronic health evaluation; SAPS: simplified acute physiology score.
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dated due to hypotension not responding to vasoactive drugs 
(SBP < 90 mm Hg), arrhythmias or hypoxemia.

This study highlights the safety of the AT. The inclusion of 
a single AT [4, 5] prevents unnecessary exposure to acidemia, 
hypercarbia, risk of hypoxemia, as well as the risk of cardio-
vascular and barotrauma complications [23].

This study has limitations. The observational and retro-
spective design, the lack of objective tests showing myocar-
dial depression, the lack of measuring vasoactive drugs dose 

changes during the AT, and the lack of description of AT meth-
ods, should be mentioned.
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