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ABSTRACT

Background and Objectives: Microvascular flap reconstruction has recently proven to be very reliable for repairing defects
in the oral and maxillofacial cavity defects. Such patients often require a tracheotomy to stay in the intensive care unit
post-operatively. Although tracheotomy is usually performed after oral intubation, details of the intra-cerebral oxygenation
environment during tracheotomy are unclear. Using near-infrared spectroscopy, we investigated the changes in intra-cerebral
oxygenation during exchange from oral to tracheal intubation in patients undergoing tracheotomy. Materials and Methods:
We evaluated eight patients with an American Society of Anesthesiologists physical Status of | or Il who were scheduled
to undergo tracheotomy. Changes in the intra-cerebral levels of oxyhemoglobin (oxy-Hb), deoxyhemoglobin (deoxy-Hb),
total hemoglobin (total-Hb), and cytochrome oxidase (cyt) were monitored during tracheotomy. Results: Blood pressure
increased rapidly during exchange from an oral to tracheal intubation tube. The maximum oxy-Hb level (3.5 + 2.4 nmol/L)
occurred 5 min after the exchange, the maximum deoxy-Hb level (0.8 £ 1.0 nmol/L) occurred 5 min after the exchange, the
maximum total-Hb level (1.8 £ 2.2 nmol/L) occurred 5 min after the exchange, and the minimum cyt level (-0.5 + 0.2 nmol/L)
occurred 7 min after the start of the operation. Conclusions: The intra-cerebral oxy-Hb and total-Hb levels increased after
exchange from an oral to tracheal intubation tube during tracheotomy, and these hemodynamic changes attenuated the
cerebral blood flow.
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INTRODUCTION care for most patients with oral cancer.!" Surgeons

are often faced with the challenge of achieving
Oral and maxillofacial surgery with and without  complete resection margins while preserving a
radiation therapy remains the current standard of  fynctional swallowing mechanism to avoid post-

operative dysphasia and aspiration.”?) Microvascular

Access this article online flap reconstruction, which is performed by a plastic
Publisher surgeon in our hQsPital, has rec.ently proven to .be very
Website: reliable for repairing defects in the oral cavity and

wwi.renupublishers.com oropharynx.” Such patients are often on mechanical

or ventilation for a long period of timel” and stay in the
10.5958/2394-4196.2015.00009.6 intensive care unit post-operatively (for 5-7 days in our
hospital) to prevent free flap failure, enhance primary
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31 and achieve restoration of bony and

(6]

wound healing,
soft tissue after osteotomy.

Tracheotomy is usually performed after oral intubation
and before tumor resection in our dental hospital.
Therefore, the oral intubation tube needs to be
exchanged for a tracheal intubation tube (spiral
tube). The details of the intra-cerebral oxygenation
environment during this exchange, which often takes
some time to accomplish, are not well known.

Near-infrared spectroscopy (NIRS) is a noninvasive
bedside technique that may be used to monitor
the intra-cerebral environment and is capable of
measuring changes in the concentration of cerebral
oxyhemoglobin (oxy-Ib), deoxyhemoglobin (deoxy-
Hb), total hemoglobin (total-Hb), and cytochrome
oxidase (cyt).!”! Using NIRS, we investigated
the changes in the intra-cerebral oxygenation
environment during exchange from an oral to
tracheal intubation tube in patients undergoing a
tracheotomy.

MATERIALS AND METHODS

This observational study was approved by the
Committee on Clinical Investigation for Human
Resecarch at Iwate Medical University.

We evaluated eight patients with an American Society
of Anesthesiologists physical Status of I or II who
were scheduled to undergo tracheotomy before tumor
resection and micro-vascular flap reconstruction. The
patients comprised six men and two women with a mean
age of 53.8 years and mean weight of 55.8 kg [Table 1].
All patients underwent intravenous administration of
atropine (0.05 mg/kg) and midazolam (0.5 mg/kg) 30 min
before admittance to the operating room. Anesthesia was
induced with a mixture of either thiopental (5.0 mg/kg)
or propofol (2.0 mg/kg) with fentanyl and vecuronium
bromide (0.1 mg/kg), then maintained with sevoflurane
(1.0-1.5%) in oxygen (40.0%). Fentanyl and remifentanil
were administered after oral endotracheal intubation.
The surgeon infiltrated the skin around the anterior
region of the neck using 1% lidocaine in combination

Table 1: Demographic data

Patients (n) 8

Age (years) 53.8+5.8
Weight (kg) 55.8+3.8
Sex (male:female) 6:2
Type of surgery Tracheostomy

Data are presented as meanzstandard error

with 5 ml of 1/1,00,000 adrenaline. Local infiltration
was carried out at two or three points at the anterior
region of the neck. Tracheotomy was started, and the
oral intubation tube was exchanged for a tracheal tube
(spiral tube) almost 15 min after tracheostomy.

We continuously monitored the noninvasive blood
pressure (BP), pulse rate (PR), and blood oxygen
saturation (SpQO,) with a Life Scope 8® (Nihon Kohden,
Tokyo, Japan) and the end-tidal carbon dioxide
pressure, respiration rate, oxygen concentration, nitrous
oxide concentration, and sevoflurane concentration
with a capnometer (Capnomac Ultima; Datex-
Engstrom, Helsinki, Finland). BP and PR were
measured every 2.5 min. We also monitored changes
in intra-cerebral oxy-Hb, deoxy-Hb, total-Hb, and
cyt with a near-infrared oxygenation monitor (NIRO
500®; Hamamatsu Photonics, Hamamatsu, Japan). The
NIRO sensor was placed on the opposite sides of the
forchead before starting the operation. The optodes
of the NIRO were placed in an opaque optode holder
supplied by the manufacturer, and the holder was
secured to the forchead with tape. This resulted in an
optode separation of 4.8 cm. To ensure light shielding,
the NIRO sensors were covered with crepe bandage
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Figure 1: Changes in intra-cerebral oxygen environment and other
parameters during tracheotomy. (a) operation start, (b) oral intubation
tube is exchanged for a tracheal tube
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Figure 2: Changes in blood pressure and pulse rate during tracheotomy.
(a) Operation start, (b) Oral intubation tube is exchanged for a tracheal
tube. The blood pressure increases 2.5 min after the tube exchange
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Figure 3: Changes in intra-cerebral oxygen environment during tracheotomy. (a) Operation start. (b) Oral intubation tube is exchanged for a
tracheal tube. The maximum oxyhemoglobin level occurs 5 min after exchange of the oral intubation tube for a tracheal tube, the maximum
deoxyhemoglobin level occurs 5 min after exchange of the tubes, the maximum total-hemoglobin level occurs 5 min after exchange of the tubes,

and the minimum cyt level occurs 7 min after the start of the operation

wrapped loosely around the head. The NIRO measured
the changes in parameters from a baseline that was
set at zero at the start of measurement. Baseline
measurements were made for 1 or 2 min. All parameters
were continuously recorded using a PowerLab 4/25T
data acquisition system (AD Instruments, Bella Vista,
Australia). Each parameter 10 min before the start of
the tracheostomy (control) was compared with the
oxy-Hb, deoxy-Hb, total-Hb, and cyt levels every 1 min.

Values are presented as mean = standard error. Intra-
group comparisons were made using one-way Analysis
of Variance for repeated measurements followed by
Dunnett’s test for multiple comparisons. Differences
were considered statistically significant at P < (.05.

RESULTS

As shown in Figure 1, the changes in the intra-cerebral
oxygen environment and other parameters were
recorded using the PowerLab data system. The changes
in invasive BP and PR were shown during osteotomy
[Figure 2]. The BP, SpO,, and PR were stable during
tracheotomy, but the BP increased rapidly when the
oral intubation tube was exchanged for a tracheal tube
(spiral tube).

The maximum oxy-Hb level (3.5 £ 2.4 nmol/L)
occurred 5 min after the tube exchange (n = 8); the
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oxy-Hb level rapidly increased after the exchange of
the tubes and then rapidly decreased. The maximum
deoxy-Hb level (0.8 = 1.0 nmol/L) occurred 5 min
after the tube exchange (n = §); the deoxy-Hb level
transiently increased 5 min after exchange of the tubes
and then decreased. The maximum total-Hb level (1.8
+ 2.2 nmol/L) occurred 5 min after the tube exchange
(n = 8), then decreased. The minimum cyt level (=0.5
+ (.2 nmol/L) occurred 7 min after the start of the
operation (n = 8§); the cyt level decreased 7 min after
the start of the operation and then increased [Figure 3].

DISCUSSION

In the present study, we observed an increase in the
intra-cerebral oxy-Hb and total-Hb levels after the
oral intubation tube was exchanged for a tracheal tube
during tracheotomy.

During tracheotomy, there was an increase in the oxy-Ib
and total-Hb levels at 5 and 7 min, respectively, and a
slight increase in the deoxy-Hb level 5 min after the tube
exchange; these increases were followed by decreases.
The simultancous increase in the oxy-HB and total-
Hb levels indicates an increase in the overall cerebral
blood flow. The BP increased 2.5 min after changing
to the tracheal tube, and the oxy-Hb and total-Hb
simultaneously increased. In this study, changes in BP
influenced the intra-cerebral environment. The increase
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in cerebral blood flow was caused by tracheal intubation
or extubation, which is consistent with previous findings
that cerebral hemodynamic changes may occur due to
several anesthetic events.® In one study, the oxy-Hb
level significantly increased upon tracheal extubation
because of an increase in cerebral blood flow.*! Cerebral
blood flow increases in response to noxious tracheal
stimuli in patients with tracheal intubation because of a
stimulated increase in muscle afferent activity.”’ When
the oral intubation tube is exchanged for a tracheal tube,
the BP increases, which increases the cerebral blood flow.
Hemodynamic changes that occur secondary to tube
exchange attenuate the cerebral blood flow."" Therefore,
it is prudent to prevent BP changes resulting in excessively
high or low BP when an oral intubation tube is exchanged
for a tracheal tube during tracheotomy.

In conclusion, we observed an increase in the intra-
cerebral oxy-Hb and total-Hb levels after the exchange
of an oral intubation tube for a tracheal tube during
tracheotomy. These hemodynamic changes appear
to attenuate the cerebral blood flow. It is prudent to
prevent BP changes resulting in excessively high or low
BP during tracheotomy.
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