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Background: Spontaneous breathing anesthesia (SBA) may have advantages over general anesthesia for
cervical tracheal resection and reconstruction (TRR), avoiding the difficulties and complication caused
by endotracheal intubation and surgical cross-field intubation. This prospective study evaluates SBA for
cervical TRR.

Methods: Date was obtained from 35 patients who had cervical TRR under SBA from May 2015 to March
2019. Intravenous sedation and ultrasound-guided bilateral superficial cervical plexus block (CPB) were
applied to maintain effective analgesia and sedation.

Results: Thirty-two patients with tracheal tumors and 3 patients with post-intubation tracheal stenosis
underwent TRR. After the airway was opened, 29 patients resumed stable spontaneous breathing, 1 patient
needed high-frequency jet ventilation, and 1 patient needed anesthesia conversion for surgical reasons.
Conclusions: Spontaneous breathing anesthesia is feasible for the cervical TRR. It can be an alternative

anesthetic technique for certain patients.
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Introduction general anesthesia, spontaneous breathing anesthesia (SBA)

) ) ) for video-assisted thoracoscopic surgery (VATS) can reduces
Tracheal resection and reconstruction (TRR) is a ) . . .
hallenei d r hesiologi d the adverse effects in hemodynamics, ventilator associated
Cb a engi;lg pl;loce tllllre 'or an:st esto (()lgIStS az sur'gl;e(.)ns lung injury (VALI) and lymphocyte responses (1,2). In this
ccause they S‘ are the atrway or. proce .ure and ventiation study, we describe and evaluate the feasibility of SAB for
at the same time. The conventional airway management

. . . . cervical TRR.
for TRR is endotracheal intubation and surgical cross-
field intubation under general anesthesia. However, the
endotracheal intubation and surgical cross-field intubation Methods
could cause complications in anesthesia induction, recovery .
] ] Subjects
and surgical anastomosis.
Recently, it has been reported that by comparison with This is a prospective study consist of patients who had
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Figure 1 Confirm the location of the lesion. (A) The surgeon observed the lightest spot of the bronchoscope through the tracheal wall; (B)

the anesthesiologist observed the needle through the bronchoscopy.

cervical TRR under SBA from May 2015 to March 2019.
All patients meet the indications for SBA, including: ASA
grade of I-III, and a body mass index (BMI) <26 kg/m’.
Patients with a blood disorders, disorders related to
constrained cardiac output (such as mitral stenosis, aortic
stenosis, severe arrhythmias, hypertrophic cardiomyopathy),
or contraindicated for superficial cervical plexus block (CPB)
were ineligible for this procedure.

All patients had flexible bronchoscopy to evaluate the
location and extent of lesion, as well as the pathology. If
bronchoscopic assessment revealed more than 60-70%
obstruction of the upper airway, the bronchoscopic balloon
dilatation or bronchoscopic electrocautery was applied
to reduce airway obstruction. Preoperative evaluation
including detailed clinical information, laboratory tests,
high-resolution computerized tomography (HRCT),
electrocardiogram, ultrasonic cardiogram, lung function
test, artery blood gas analysis.

Anestbetic management

Anesthesia

All patients were premedicated with atropine 0.5 mg
and dexmedetomidine 1 pg-kg™-h™" for 15 minutes. For
induction, propofol 3-4 pg'mL™" target-controlled infusion
(TCI) and sufentanil 0.1-0.15 pg-kg™. Inserted laryngeal
mask airway (LMA) when BIS below 60, using simultaneous
intermittent mandatory ventilation (SIMV). Inserted gastric
tube via LMA. After induction, ultrasound-guided bilateral
superficial CPB was done with a 22 G needle, using 10 mL
of 0.375% ropivacaine on each side. Anesthesia maintain
with dexmedetomidine 0.5-1.0 pug-kg™'-h™', remifentanil
0.03-0.08 pg-kg™' min™, propofol (TCI) 1.0-2.0 pg-mL™".
BIS maintain between 40-60. Before the airway was
opened, reduced the administration rate of propofol and
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remifentanil, changed to manual assisted ventilation, FiO, 1,
air flow 2—5 L/min.

Confirm the location and extent of the lesion

Three patients with tracheal stenosis were confirmed the
location and extent of the lesion with flexible bronchoscopy,
and 32 patients were confirmed with fluorescent
bronchoscopy. Before bronchoscopy, larynx and airway
surface anesthesia with 2% lidocaine was applied. The
anesthesiologist used flexible bronchoscopy to locate the
lower margin of the lesion through the conduit of LMA.
The surgeon observed the lightest spot of the bronchoscope
through the tracheal wall (Figure 14), used a 5 mL syringe
needle to penetrate into the tracheal wall at the brightest
spot. Then, the anesthesiologist observed the needle
through the bronchoscopy, accurately confirmed the lower
margin that need to be removed (Figure 1B). The locating
method of upper margin of lesion was the same as above.

Airway management

Approximately 15 minutes before the airway was opened,
changed the ventilation mode from SIMV to manual assisted
ventilation (FiO, 1, air flow 2-5 L/min). The patients were
induced to resume spontaneous breathing. After the trachea
was incised, a sterile catheter was inserted in the distal
portion of the trachea across the surgical field, oxygen was
continuously supplied to distal airway (air flow 2-5 L/min)
(Figure 24). If the SpO, decreased to 90%, connected the
catheter to the jet ventilation circuit for jet ventilation
(driving pressure =0.5-1.0 bar, FiO, =1.0, respiration
rate =60 breaths/min, I:E ratio of 1:1) (Figure 2B).
If there was no obvious improvement of SpQ,, the distal
trachea was intubated with a sterile endotracheal tube, and
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Figure 2 Airway management. (A) A sterile catheter was inserted in the distal portion of the trachea to supply oxygen; (B) a sterile catheter

was re-moved from the distal trachea.

connected to a breathing circuit for SIMV ventilation.

After the anastomosis was completed, the sterile
catheter/jet ventilation catheter/endotracheal tube was
removed from the surgical field. The anastomosis is
checked by fiberoptic bronchoscopy, then a air leak test was
performed to ensure that the anastomosis was leak proof. To
the patients with intubation after airway opened, unstable
spontaneous breathing or the latest PaCO, >50 mmHg,
changed ventilation mode to SIMV after the anastomosis
was completed. After the operation, removed the LMA after
patients had stable spontaneous breathing and recovered
consciousness.

Anesthesia monitors

During the procedure, heart rate (HR), electrocardiography
(ECG), pulse oxygen saturation (SpO,), bispectral
index (BIS), invasive arterial blood pressure (ABP) were
continuously monitored. End-tidal CO, pressure (E CO,)
and fraction of inspiration O, (FiO,) were continuously
monitored before the airway was opened and after airway
anastomosis completed. Arterial blood gas (ABG) was
intermittently monitored during the procedure. PaO,
and PaCO, after anesthesia induction were monitored
20 minutes after anesthesia induction.

Data were analysed using SPSS 19.0 software (SPSS Inc.,
Chicago, IL, USA). Normal distribution data is expressed as
mean = standard deviation and categorical data as number
(proportion). Comparisons of the differences between
values at a specific time PaO, and PaCO, were using one-
way ANOVA. Statistical significance was presented as a P
value of <0.05 throughout the study.
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Results

A total of 35 patients were enrolled in the study. The age,
gender, ASA, BMI, and preoperative treatment are shown
in Table 1. The intraoperative conditions and postoperative
hospital stay days are shown in Tuble 2.

All patients resumed to spontaneous breathing before
the airway was opened. After the airway was opened, a
sterile catheter was inserted in the distal portion of the
trachea to supply oxygen (Figure 2A). Twenty-nine cases
(83%) maintained SpO, >90%. During the anastomosis
phase of procedure, the sterile catheter was removed from
the distal trachea after discussion between surgeons and
anesthesiologist in 4 cases (11%), because of the obstruction
of surgical field (Figure 2B). One case (3%) showed a SpO,
decrease to 85% after the airway was opened, connected
the catheter to high-frequency ventilation circuit for high-
frequency ventilation. The SpO, was suddenly declined
in one patient, diagnosed as right pleural rupture leading
to the right pneumothorax, immediately intubated across
the field. After expanded the lung and sutured the right
ruptured pleura, pulled out the endotracheal tube, the
patient resumed to spontaneous breathing, the operation
was smooth (7able 3).

The patients showed an arterial oxygen concentration
(Pa0,) of 396.5+83.8 mmHg after anesthesia induction.
During the open airway phase, PaO, decreased to 173.4+
53.6 mmHg, and then recovered to 279.1£82.7 mmHg
after the airway closed. After anesthesia induction, the
patients showed an arterial carbon dioxide concentration
(PaCO,) of 49.3+6.0 mmHg. Before the airway was opened,
the PaCO, reached to 53.9+8.1 mmHg, then slightly
decreased to 51.0+6.6 mmHg during the open airway
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Table 1 Patient characteristics

Variables Value
Age (yr) 4017
Gender

Male 19

Female 16
ASAI

I 4

I 26

M 5
BMI (kg/m?) 20.8+3.5

Preoperative treatment

Bronchoscopic balloon dilatation 3
Bronchoscopic electrocautery 26
No preoperative treatment 6

Pathological diagnosis

Adenoid cystic carcinoma 21
Squamous-cell carcinoma 7
Inflammatory myofibroblastic tumor 1
Glomangioma 1
Cicatricial tissue 3
Others 2

Table 2 Intraoperative details and postoperative hospital stay

Variables Value
Length of excision (cm) 3.2+0.3
Surgery duration (min) 178.2+74.1
Anesthesia duration (min) 252.1+69.3
Time of tracheal end-to-end anastomosis (min) 42.0£17.7
Anesthesia recovery time (min) 17.3+8.2
Postoperative hospital stay (d) 9.3+0.9

phase. After the anastomosis was completed, the PaCO, was
51.6+7.6 mmHg (Figure 3).

Stop anesthetic infusion after the operation. All patients
resumed stable spontaneous breathing and removed the
LMA after recovered consciousness.
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Discussion

The most common etiology of cervical TRR is tracheal
tumors, post-intubation tracheal stenosis, trauma and
inflammation (3). The conventional airway management in
cervical TRR is endotracheal intubation and surgical cross-
field intubation (4).

For the patients with tracheal tumors, muscle relaxation
after anesthesia induction may lead to tracheal collapse
and an aggravation of the airway obstruction, resulting in
life-threatening hypoxemia. Therefore, awaked fiberoptic
intubation in emergency situation has also been reported (5).
However, when the tracheal tumor is close to the glottis,
the endotracheal intubation may lead to tumor shedding,
bleeding, especially pedicled tumors and hemangioma.
It has been reported that inserted LMA after anesthesia
induction to avoid the possibility of injury to the tumor
by endotracheal intubation (6). For patients with benign
tracheal stenosis, it is often characterized by the mucosa
chronic inflammation with necrosis and granulocytic
infiltration, formation of scar tissue. Due to the poor
expansibility of tracheal membrane, if endotracheal
intubation fails, it may lead to swelling and bleeding of the
lesion, reintubation become more difficult (7).

The safety and feasibility of SBA for VATS surgery
have been reported both in our experience and recent
studies (8-10). Based on our experience of SBA and surgery
management, it allowed us to perform this anesthetic
technique for cervical TRR.

Effective analgesia is one of the main concerns of SBA.
According to different procedures, thoracic paravertebral
nerve block or intercostal nerve block can provide
effective analgesia during VATS procedure on lung. In
the cervical TRR, we used ultrasound-guided bilateral
superficial CPB and a continuous infusion of low dosage
of remifentanil (0.03-0.05 pg/kg/min) to provide effective
analgesia. It’s reported that cervical epidural block and
sedation for cervical TRR by Macchiarini (11). Although
the complications and adverse effects following cervical
epidural block were not observed, however, due to its
fatal complications, we replaced with bilateral superficial
CPB provided similar effective analgesia. There was no
restlessness or hemodynamic instability due to inadequate
analgesia. Superficial CPB has been used for various head
and neck surgeries intra- and postoperative analgesic
management. Studies reported that if the local anesthetic
spread to the deep cervical plexus might lead to phrenic
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Table 3 Airway management during airway opened

Zhou et al. SBA for cervical TRR

Variables N=35
Spontaneous breathing (a catheter was removed from the trachea) 4 (11%)
Spontaneous breathing (a catheter was inserted in the distal portion of the trachea) 29 (83%)
Spontaneous breathing (high-frequency ventilation) 1 38%)
Anesthesia conversion 1(3%)

500 7
400 1
300 +
200 -
100 1
707
60 7
50 1
40

30

—@- PaO, (mmHg)

—&- PaCO, (mmHg)

After Before airway
induction opened

Airway
opened

After airway Anesthesia

closed recovery

Figure 3 PaO, and PaCO, during anesthesia (xxs), *P<0.05 to after induction.

nerve palsy and recurrent laryngeal nerve paralysis (12).
However, no clinical sign of phrenic nerve paralysis or
recurrent laryngeal nerve paralysis were found in this
study. The main reasons as follow: ultrasound technique
applied to superficial CPB can improve the accuracy and
effectiveness; there is a certain distance between the cervical
plexus and the phrenic nerve/recurrent laryngeal nerve;
the prevertebral fascia and carotid sheath have a substantial
role in preventing the diffusion of local anesthetic; although
the local anesthetic spreads to the deep cervical plexus, the
concentration of the local anesthetic acting on the phrenic
nerve and the recurrent laryngeal nerve is low; ropivacaine
has a separation of motor sensation at low concentrations,
unlikely to cause paralysis of the phrenic nerve or recurrent
laryngeal nerve; partial or early symptoms of phrenic
nerve paralysis and recurrent laryngeal nerve paralysis
may difficult to distinguish due to overlap with respiratory
depression while sedation. In this study, no clinical
symptom of phrenic nerve paralysis or recurrent laryngeal
nerve paralysis was found, and spontaneous breathing
resumed during procedure. There were no symptoms of
cough, hoarseness, and dyspnea postoperatively. In addition,
in order to avoid cough reflex, tracheal local anesthesia
was performed before incising the trachea and fiberoptic
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bronchoscopy in every case.

Another concern is hypoxemia. In our experience, during
cervical TRR, the patients are in a state of double lung
spontaneous breathing, rather than one lung spontaneous
breathing in lung surgery. Therefore, after the trachea
is incised, most patients can maintain PaO, higher than
100 mmHg when the patients resumed steady spontaneous
breathing, and the PaO, even better than in lung surgery (13).
In our study, there was one patient with emphysema. This
patient can resumed steady spontaneous breathing before
the airway opened. After the trachea was incised, a sterile
catheter was inserted in the distal portion of the trachea.
The SpO, maintained 96-100% when the airway was
opened. However, because the trachea is opened, when
the SpO, decreased, it is unable to assisted ventilation
temporarily like the lung surgery. Jet ventilation or even
surgical cross-field intubation is needed when hypoxemia
exist. In this study, after the trachea was incised, a sterile
catheter was inserted in the distal trachea across the
surgical field to increase fraction of inspired oxygen in all
patients. 83% of patients maintained SpO, higher than
90%; 4 patients maintained SpO, higher than 90% after
removed the catheter and inhaled air only; in one case,
although spontaneous breathing was observed after trachea
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was opened, SpO, gradually decreased to 85%, and jet
ventilation was applied immediately. The SpO, increased
higher than 90% without anesthesia conversion. In one
case, SpO, suddenly decreased when dissecting trachea,
diagnosed as right pleural rupture, immediate intubation
across the surgical field. The patient resumed spontaneous
breathing and the endotracheal tube was removed after
treatment. It should be emphasized that the premise of
maintaining stable oxygenation is to keep the airway clean
and unobstructive. In addition, due to minute ventilation
volume decreased when sedation we found out that there
was mild hypercapnia in the cervical TRR. Hypercapnia has
negative hemodynamic effects, for instance, arrhythmic and
impaired cardiac contractility (14). None of the patients in
our study showed any signs of hemodynamic instability. It
was interesting that the PaCO, slightly decreased after the
airway is opened. We consider it’s because the incision was
first made distal of the lesion could relieve of obstruction.

LMA is a supraglottic airway devices has some
advantages in tracheal surgery. It is a safe and well-
established airway device without using muscle relaxant,
obviates the complications of endotracheal intubation. LMA
is beneficial to the patients with subglottic stenosis. LMA
provides two conduits, one for ventilation as well as flexible
bronchoscopy to assess the location and extent of the lesion
during procedure, another for insertion of gastric tube to
reduce the risk of reflux. During SBA for cervical tracheal
surgery, without endotracheal tube obstructing recovery
phase is a potentially risky period. After the surgery, a chin
stitch would be used to keep the neck in flexion to decrease
the tension on the anastomosis. Patients have better
tolerance to the LMA, reducing the rates of coughing or
head movement. In addition, the analgesia of the superficial
CPB can last until the recovery phase, the patients were
more comfortable, safer during recovery period.

In conclusion, according to our experience, SBA for
cervical TRR is feasible. It can be an alternative anesthetic
technique for cervical TRR in certain patients.
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