Room Air Readings of Brain Tissue Oxygenation Probes
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Abstract Objective: Brain tissue oxygenation (p,O,) mon-
itoring with microprobes is increasingly used as an impor-
tant parameter in addition to intracranial pressure in acutely
brain-injured patients. Data on accuracy and long-term drift
after use are scarce. We investigated room air readings of
used p,O, probes for their relationship with the duration of
monitoring, geographic location of the center, and manufac-
turer type.

Methods: After finishing clinically indicated monitoring
in patients, p,O, probes used in two centers in Berlin and
Munich were explanted and cleaned to avoid blood contami-
nation. Immediately afterward, room air readings of partial
oxygen pressure (p,;0,) from 44 Licox® and 10 Raumedic®
PuO, probes were recorded. Assumed height above sea level
was 42 m for Berlin and 485 m for Munich; this resulted in
assumed theoretical p,;;O, readings of 157.8 mmHg in Berlin
and 149.9 mmHg in Munich.

Results: Licox® probes in Berlin showed a mean p,;,0,
of 160.5 (SD 14.4) mmHg and of 147.8 (11.9) mmHg in
Munich. Raumedic® probes in Berlin showed a mean
PO, of 170.5 (12.2) mmHg and the single Raumedic®
probe used in Munich 155 mmHg. No significant drift was
found over time for probes with up to 14 days of monitor-
ing. Prolonged use of up to 20 days showed a clinically
negligible drift of 1.2 mmHg per day of use for Licox®
probes.
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Mean absolute deviation for p,;O, from expected values
was 6.4% for Licox® and 9.7% for Raumedic® probes.

Conclusion: Room air partial oxygen pressure p,;O, may
be utilized to assess the proper function of a p,O, probe. It
provides a tool for quality control which is easy to imple-
ment. Probe readings are stable in the clinically relevant
range, even after prolonged use.
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Introduction

Monitoring brain tissue oxygenation (p,O,) with intraparen-
chymal microprobes is an emerging tool and recommended in
guidelines after traumatic brain injury and aneurysmal sub-
arachnoid hemorrhage [1, 2]. A commonly proposed thresh-
old is 20 mmHg: values below this margin are associated with
a worse outcome [3]. As monitoring of critically injured
patients may be required for days or even 1 or 2 weeks, it is
crucial to know how accurate the readings of p, O, probes are
over time and whether long-term drift is present. Currently,
bench testing is available only for probes in mint condition
and an assessment of p,O, devices after in vivo use is lacking
[4, 5].

On earth, ambient dry air provides a stable environ-
ment with an oxygen fraction of 20.95% and a partial
pressure of 159.21 mmHg at sea level. Therefore, a simple
and ubiquitously available method of assessing the accu-
racy of a p, O, probe may be to use plain room air as a
reference. Therefore, we investigated room air readings of
used p, O, probes for their relationship with duration of
monitoring, geographic location of the center, and manu-
facturer type.
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Methods

Indications for p,O, monitoring were based on clinical
considerations and were not part of the study. We investi-
gated equipment from both vendors currently on the mar-
ket; in particular, Licox CCI1.SB probes (Integra
Neuroscience, Saint Priest, France) and Neurovent PTO
probes (Raumedic AG, Miinchberg, Germany). We gath-
ered data from probes used in two centers, located in Berlin
and Munich, Germany. After finishing clinically indicated
monitoring, p,O, probes were removed, superficially
cleaned with a pad to prevent blood contamination and
inspected for obvious mechanical damage. Immediately
afterward, room air readings of partial oxygen pressure
(pai0,) were recorded until a stable reading was achieved.
As no patient data were used in this setup, the need for
informed consent was waived.

Physical Laws and Considerations

Average standard atmospheric pressure at sea level is
1,013.25 kPa, equivalent to 760 mmHg (29.92 in), with a
typical range between 670 mmHg (26.5 in) and 800 mmHg
(31.5 in) on a mercury column barometer. Introduced by
daily temperature fluctuations, atmospheric pressure shows a
semicircadian rhythm. The amplitude of these fluctuations is
dependent on latitude, with about 5 kPa (3.75 mmHg) at the
equator, and 0.5-1 kPa (0.38-0.75 mmHg) at continental cli-
mate zones.

Simplified, atmospheric pressure decreases with altitude by:

Pheigni~Po* €Xp (—height/hy),

with hy = 8435m. For low altitudes, this equals
approximately about 1.2 kPa (0.9 mmHg) for every 100 m.

Assumed elevation above sea level was 42 m for Berlin,
Germany, and 485 m for Munich, Germany. Using the stable
oxygen fraction of 20.95%, this resulted in assumed theoreti-
cal p,;O, readings of 157.8 mmHg in Berlin and 149.9 mmHg
in Munich [6].

Statistical Analysis

Data analysis was performed using R 3.3.1, R foundation for
Statistical Computing, Vienna, Austria. The duration of pre-
vious use was plotted against the room air reading.
Multivariate analysis was performed with linear regression
using room air reading as a dependent variable, duration of
use as an independent linear predictor, and probe type and
center location as cofactors.

Results

Room air readings of p,;0O, from 44 Licox® and 10
Raumedic® p,O, probes were available for analysis. One
probe from the Munich center showed a p,;,O, reading of
334 mmHg, more than 10 standard deviations off from the
mean of all other probes. Although no mechanical damage
was noted, this single probe was considered defective and
excluded from analysis.

Licox® probes in Berlin showed a mean p,;;O, of 160.5
(SD 14.4) mmHg and of 147.8 (11.9) mmHg in Munich.
Raumedic® probes in Berlin showed a mean p,;;O, of 170.5
(12.2) mmHg and a single Raumedic® probe used in Munich
displayed 155 mmHg.

Licox® probes showed an increase of 1.28 mmHg
(p < 0.001) per day of use when all data with up to 20 days
of forgone monitoring time were considered. No significant
trend was found if readings from probes with up to 14 days
of previous use were examined. We found no significant
increase per day of previous use for Raumedic® probes.
Mean absolute deviation for p,;;O, from expected values was
6.4% for Licox® and 9.7% for Raumedic® probes. Figure 1
shows the relationship among time, location of use, and type
of probe with the acquired room air readings.

Discussion

Our findings show that room air may be utilized as a verification
tool of proper function of a p,O, probe. Differences in geo-
graphic location and altitude are reflected accurately by room
air readings of p, O, probes. For use of up to 14 days, readings
of used probes remained stable. Even with prolonged utilization
beyond that time period, the average drift of 1.2% per day of use
translates to lower values than differences in measurement to be
expected in vital brain tissue [7, 8]. Therefore, we consider
probe drift per day of use to be clinically negligible.

The knowledge derived may help a clinician to decide
whether previous readings obtained during clinical monitor-
ing had been accurate. In the case of challenged low (or high)
readings during previous clinical use, a finding compliant
with proper probe function may trigger implantation of a
new probe. Unfortunately, our findings do not represent an
online function test for probes under consideration. The frag-
ile nature of Licox® probes prohibits reinsertion after room
air testing. In theory, this may be possible for the more rigid
Raumedic® probes, but is strongly disadvised owing to
potential breaches of sterility.

The main limitation of our study is that we did not the mea-
sure actual p,;O, with a dedicated and calibrated device.
Rather, we relied on the theoretical calculated p,;O, value for
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Fig. 1 Room air readings (p,;O,) of brain tissue oxygenation probes
from two manufacturers plotted versus days of previous use. Licox®
probes are indicated by circles, Raumedic® probes by squares. Dotted

the environment of the respective location. Daily fluctuations,
in addition to high or low barometric pressures may subtly
alter theoretical values of p,;,O,. Furthermore, it was assumed
that it remained stable when measured indoors in the ICU with
active air conditioning. Although both manufacturers perform
adjustment of displayed pO, readings according to surround-
ing tissue temperature, the use of probes at room temperature
is not at a level occurring in the living human body and outside
of the manufacturers’ specifications. Additionally, the cleans-
ing process of the probes was not standardized and remnants
of blood and tissue after clinical use may have contributed to
unaccounted confounding. However, despite these limitations,
the robustness of findings serve as important proof-of-princi-
ple of the validity of our analysis.

Conclusion

Room air partial oxygen pressure p,;O, may be utilized to assess
the proper function of a p, O, probe. When the local altitude
above sea level is considered, it provides a tool for quality con-
trol which is easy to implement. Probe readings are stable within
the clinically relevant range, even after prolonged use.
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and dashed lines indicate the theoretical readings in two centers, located
in Berlin and Munich, Germany, respectively
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