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ABSTRACT

Objective: In the current study, our primary aim is to compare
complication rates between using ProSeal laryngeal mask airway
(P-LMA) and endotracheal tube (ETT) in bronchoscopy-guided
percutaneous dilatational tracheostomy (PDT) procedure. Our
secondary aim is to compare the processing time of these two
techniques.

Methods: Sixty-one adult patients who were intubated in the
intensive care unit and scheduled for PDT due to the need for
long-term mechanical ventilation were included in the study. The
patients were randomly divided into ETT group or P-LMA group
under bronchoscopy guidance. Complications related to the
procedures and the duration of each procedure were recorded.
Hemodynamic measurements, oxygen saturation, arterial blood
gas analysis, preferred mechanical ventilation mode, positive
end expiratory pressure and mean airway pressure values were
recorded before PDT, and 30 minutes after the procedure.

Results: A total of 61 cases, 23 (38%) female and 38 (62%) male,
participated in the study. Regarding the complication rates
between the groups, we encountered more complications in the
ETT group and the most common complication was puncture
of the cuff of the intubation tube. The procedure time was also
significantly shorter in the P-LMA group (P-LMA; 2.5 min, ETT; 3.6
min).

Conclusion: Using P-LMA for PDT under bronchoscopy caused
lower complication rate than using ETT. In a addition the duration
of PDT procedure was shorter in P-LMA group than ETT group.

Keywords: Percutaneous dilatational tracheostomy, bronchos-
copy, laryngeal mask
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Amag: Bu calismada birincil amacimiz, bronkoskopi esliginde
perkiitan dilatasyonel trakeostomi (PDT) isleminde ProSeal larin-
geal maske (P-LMA) ve endotrakeal tiip (ETT) kullanimi arasindaki
komplikasyon oranlarini karsilastirmaktr. ikincil amacimiz ise bu iki
teknigin islem surelerini karsilagtirmak.

Yontem: Calismaya, yogun bakim (nitesinde entlibe edilen ve
uzun slireli mekanik ventilasyon ihtiyaci nedeniyle PDT planlanan
61 eriskin hasta dahil edildi. Hastalar rastgele ETT grubuna veya
bronkoskopi rehberliginde P-LMA grubuna ayrildi. islemlere
iliskin komplikasyonlar ve her islemin siresi kaydedildi. Perkltan
dilatasyonel trakeostomi oncesi ve islemden 30 dakika sonraki
hemodinamik 6lglimler, oksijen satlirasyonu, arter kan gazi analizi,
tercih edilen mekanik ventilasyon modu, pozitif end ekspiratuar
basing ve ortalama hava yolu basinci degerleri kaydedildi.

Bulgular: Calismaya 23 (%38) kadin ve 38 (%62) erkek olmak lzere
toplam 61 olgu katildi. Gruplar arasi komplikasyon oranlarina
bakildiginda, ETT grubunda daha fazla komplikasyonla karsilastik
ve en sik karsilagilan komplikasyon entiibasyon tlpuniin kafinin
delinmesi idi. islem siiresi de P-LMA grubunda anlamli olarak daha
kisaydi (P-LMA; 2,5 dak, ETT; 3,6 dak).

Sonug: Bronkoskopi esliginde yapilan perkitan dilatasyonel
trakeostomi isleminde P-LMA ve ETT kullanimini karsilagtirdigimiz
¢alismamizda P-LMA grubunda entiibasyona oranla komplikasyon
oraninin daha az oldugu, islem siiresinin daha kisa oldugu
bulunmustur.

Anahtar soézciikler: Perkitan dilatasyonel trakeostomi, bronkosko-
pi, laringeal maske
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Pro-seal LMA and Bronchoscopy During Tracheostomy

INTRODUCTION

Tracheostomy is routinely performed in patients in the inten-
sive care unit (ICU) to prevent complications related to endo-
tracheal intubation (1). The use of percutaneous dilatation in
a tracheostomy was first described in 1957. However, there is
risk in complications during this PDT procedures.

These include cardiopulmonary arrest, bleeding, tube
obstruction, pneumothorax, pneumomediastinum, aspira-
tion pneumonia, posterior wall lesions, tracheal ring frac-
tures, tube malpositioning and subcutaneous emphysema.
About 10% of PDT-related complications are the result of
difficulties in placing the tracheostomy tube. These compli-
cations include bursting of the cuff of the endotracheal tube
(ETT), which can cause aspiration and an increased frequency
of pneumonia, as well as the needle inserted into the trachea
ring the ETT and the guidewire passing through the Murphy
Eye, leading to accidental extubation or unilateral intubation,
depending on the location of the ETT (2-7). With the aid of
fiberoptic bronchoscopy, complications that may arise can be
prevented as airway visualization provides a better view (8).

In PDT, a tracheal tube is generally used for airway manage-
ment. Before inserting the needle into the trachea, the cuff
of the intubation tube is deflated, and the cuff is pulled back
to the vocal cords (9). At this stage of the procedure, the
tracheal tube is not fixed inplace, and it may be dislodged,
causing loss of airway and aspiration. During PDT, the use of a
classic laryngeal mask airway (LMA) device for ventilation can
prevent the accidental failure of ventilation due to removal
of the intubation tube, as well as many tube-related compli-
cations (10). Some studies reported that replacing ETT with
LMA during the PDT procedure lead to a better protected
airway, improved visualization of the larynx, provide a better
airway and improved ventilation in many patients (5,10,11). It
is also known that reported studies done with bronchoscopy
during the PDT procedure aided visualization of the trachea
and positioning of the guide wire (5,6,12-16). The prima-
ry goal of this study was to compare complications in PDT
procedures using an ETT and a ProSeal-LMA (P-LMA) under
guidance of bronchoscopy. The secondary aim is to compare
the time required for the tracheostomy procedure between
the two groups.

MATERIAL and METHODS

The study was conducted in a randomized, controlled man-
ner in a university hospital after receiving approval from
the institution's ethical committee (local ethics committee
date; 10.06.2016, number; 16/VIl, Clinical Trial number;
NCT04637932). The study was conducted by the principles
described in the Declaration of Helsinki. The first participant
registered on 15.06.2016. The study included patients over
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the age of 18 who had been intubated in the ICU for a long
time and were scheduled for PDT due to a suspicion of a long-
term requirement for mechanical ventilation treatment. The
study excluded patients having a history of cervical trauma,
high-pressure mechanical ventilation (i.e., inspiratory pres-
sure greater than 40 cm H,0), pulmonary oedema, or severe
respiratory distress. All the PDT procedures were performed
by an anaesthesiology and intensive care specialist physician
and a fourth-year research assistant.

The required sample size was determined by performing
a power analysis using a chi-square table. The lowest com-
plication rate in previous studies was 10-15% (17,18). To
obtain significance of a = 0.05 and 80% power (1-B = 0.8), the
required size of the sample in each group was at least 29. The
final study included 61 patients.

Patients were randomized into two groups using comput-
er-based randomization: 61 patients completed the study, 30
in the ETT group and 31 in the P-LMA group. The patients
in both groups fasted for 6 hours before the procedures and
were monitored as standard, according to the recommenda-
tions of the American Society of Anesthesiology (19). Inspired
oxygen (100%) was administered for 15 minutes before each
procedure. Sedation was achieved by propofol (100-200 pg
kg?), and muscle relaxation was preffered by rocuronium (0.6
mg kg?). In the ETT group, a pillow was placed beneath the
patient’s shoulders, and the patient’s neck was placed in the
extended position. The cuff of the tracheal tube was retract-
ed, so that it was visible between the vocal cords. The neck
area was cleaned with 10% polyvidone iodine and covered
with sterile drapes. Then, 5 mL of 2% lidocaine was infiltrated
subcutaneously into the 2™ and 3™ tracheal rings. The skin
was then incised using a 1 cm vertical incision. The location
of the needle was confirmed by placing 2—3 mL of saline solu-
tion in the trachea from the median line and aspirating the
air. After the guide wire was advanced through the needle,
the tracheostomy cannula was placed into the tracheal lumen
and the cuff of the cannula was inflated.

In the P-LMA group, the endotracheal tube was replaced
with a P-LMA (number 4 for female patients and number 5
for male patients) before the procedure, and the cuff was
inflated. Ventilation, adequate chest movement and expira-
tory tidal volume were confirmed by minimal leakage around
the cuff and stable vital signs. Then, as in the ETT group, the
patient was positioned by placing a pillow under the shoul-
ders. The patient’s neck was then sterilized and lidocaine was
applied to skin-subcutaneous tissue at the level of the tra-
cheal 2-3 rings. Before proceeding further, tracheal canal was
visualized by advancing the fiberoptic bronchoscope through
the P-LMA. All other steps in the procedure were performed
under the visual guidance of a bronchoscope.
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As standard, the The Acute Physiology and Chronic Health
Evaluation (APACHE) Il and The sequential organ failure
assessment score (SOFA) scores of all patients at the time of
entry to the ICU were calculated. Hemodynamic measure-
ments, oxygen saturation, arterial blood gas analysis, end
tidal carbondioxide, preferred mechanical ventilation mode,
positive end expiratory pressure and other airway pressure
values before each procedure, 30 minutes after each proce-
dure and also the duration of the procedures were recorded.
Hemodynamic measurements were recorded before the PDT
procedure and every 5 minutes until 30 minutes after pro-
cessing completion. In addition, complications such as length
of the procedure and unsuccessful LMA insertion, unsuccess-
ful tracheal puncture, guide misplacement, difficult insertion
or failure to insert the tracheostomy cannula were observed.

Statistical Analysis

The statistical analysis was performed using SPSS Statistics
for Windows, version 16.0 (IBM Corp., Armonk, NY). Mean
and standard deviation are used to present descriptive data.
The distribution of the data were analysed by the Shapiro—
Wilk test. The T test was employed to determine the data's
normality. The Mann-Whitney U test was employed for
non-normally distributed data. For categorical variables, the
chi-square test was used, and univariate analysis was used
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to investigate the effects of multiple categorical variables on
continuous dependent numerical variables. Multivariate test
was applied for before-after comparison within the group.
In all statistical analyses, a p value of <0.05 was considered
statistically significant.

RESULTS

A total of sixty-one patients, 26 females and 35 males, sched-
uled to undergo the PDT procedure, were divided into two
ETT and P-LMA groups (Figure 1). In terms of there was no
significant difference between the age (p=0.0069), gender
(p=0.247), weight (p=0.906) and height (p=0.688) of the
patients in the ETT and P-LMA groups (Table I). There was
no significant difference between groups in the APACHEII
(p=0.893) and SOFA (p=0.051) scores. The positive end-expi-
ratory pressure (PEEP) values of patients were 7.03 (+2.40)
in the ETT group, and 6.55 (+1.89) in the P-LMA group, with
no statistically significant difference (p=0.546) (Table Il). The
time taken to perform to tracheostomy; 3.6 (£2.6) min in the
ETT group and 2.5 (+ 1.6) min in the P-LMA group. Thus, the
procedure time in the P-LMA group was significantly shorter
than that in the ETT group (Table II).

When the rates of all complication in the two groups were
compared, the ETT group had a significantly higher rate than

ICU patients scheduled for percutaneous
dilatational tracheostomy (PDT) (n=61)

Excluded from the study:

e History of cervical trauma

* High-pressure mechanical ventilation
(inspiratory pressure 40 cmH,0)

¢ Pulmonary oedema

* Acute respiratory distress

Patients were randomly divided into 2 groups for airway
management to be used during PDT

/

N\

Endotracheal tube (ETT)
Group (n=30)

ProSeal laringeal mask
airway (P-LMA) Group
(n=31)

|

|

Analyzed (n=30)
Excluded from analysis (n=0)

Analyzed (n=31)
Excluded from analysis (n=0)

Figure 1: Study flow chart.
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Pro-seal LMA and Bronchoscopy During Tracheostomy

the P-LMA group (p=0.041) (Table Ill). The most common
complication was ETT cuff puncture in the ETT group with a
rate of 18.03%. Difficult insertion of tracheostomy tube was
the second most common with a rate of 3.28%, and it was
seen in the ETT group. Other complications were bleeding,
subcutaneous emphysema, guide's passing through the Mur-
phy’s Eye, bronchospasm and failure to place the LMA.

Table I: Demographic Characteristics of the Groups

ETT group P-LMA group
(n=30) (n=31)
Age (years) 66.10 £ 9.82 64.97 £19.78 0.006
Weight (kg) 77.00£20.99 74.93 +8.37 0.906
Height (cm) 168.47 +9.30 167.22+£9.20 0.688
Sex (Female/ 11/19 15/16 0.247

male)

*Results are expressed as mean * standard deviation or number of
patients.

Table Il: Comparison of APACHE I, SOFA, PEEP and PDT Processing
Time Between Groups

ETT group P-LMA group
(n=30) (n=31) P
APACHE Il 27.87+11.22 32.16+14.96 0.893
SOFA 11.10+4.80  10.48+3.26  0.051
PEEP 7034240  655+1.89  0.546
PDT processing 36426 25416 0.044

time (min)

APACHE II: Acute physiology and chronic health evaluation, SOFA:
Sequential organ failure assessment score, PEEP: Positive end-expiratory
pressure, PDT: Percutaneous dilatation tracheostomy.
*Results are expressed as mean * standard deviation.

Patients' oxygen saturation, heart rate, and blood pressure
did not differ significantly between the two groups. At the
same time, desaturation was not experienced in any of our
patients.

In the blood gas analysis (BGA) of the patients in the ETT
group, there was no significant difference in partial pressure
of oxygen (pO,), partial pressure of carbon dioxide (pCO,), or
lactate values before and after the PDT procedure (p>0.05).
After the PDT procedure, the pH and HCO, levels in the ETT
group were low (p=0.040 and p=0.007, respectively (Table
IV). The mean airway pressure (Pmean) and peak airway pres-
sure (Ppeak) values were also low post-PDT in the ETT group
(p=0.043 and p=0.003, respectively) (Table IV).

The arterial blood gas values of patients in the P-LMA group
did not differ significantly before and after PDT (p>0.05).
(Table V).

In order to evaluate the method used during the PDT proce-
dure, the airway pressure (Paw) value, which is one of the
mechanical ventilation parameters recorded in correlation
with the arterial blood gas at the 30™ minute after the proce-
dure, was significantly lower (p=0.023). There was no differ-
ence in the ETCO,, pO,/ fraction of inspired oxygen (P/F) ratio,
Peak inspiratory pressure (P ) or peripheral oxygen saturation
(Sp0O,) values before or after the PDT procedure (Table V).

DISCUSSION

We investigated the effects by using P-LMA or ETT for PDT per-
formed with bronchoscopy on complications and duration of
the procedure. There are so many complications such as ETT

Table IV: Comparison of Data Before and After Tracheostomy in
the ETT Group

Table Ill: Comparison of Complication Rates Between Groups Before PDT After PDT P

—— ETTgroup  P-LMA group PaO, (mmHg) 96.32£22.28 113.67£67.68 0.200

- (n=30) (n=31) pH 7.46 +0.08 7.44+0.08  0.040
ETT cuff puncture 11 (18.03%) - PaCoO, (mmHg) 41.27 £9.48 41.73+8.94  0.562
Difficult insertion of 2 (3.28%) 6 (9.84%) HCO, (mEq L*) 29174539  28.43+4.88  0.007
tracheostomy tube
Bleeding 3 (4.92%) 2 (3.28%) Lactate (mmol L?) 1.25+0.93 1.25+0.93 0.910
Subcutaneous emphysema - 1(1.64%) :

P/F ratio 271.90+128.88 264.53 +101.02 0.007

Guidewire passing through o
Murphy’s Eye 3(4.92%) - Paw (cmH,0) 11.51+4.08  10.57£3.76  0.043
Bronchospasm - 1(1.64%) PIP (cmHzO) 22.93 £6.89 21.27 +£7.15 0.003
LMA cannot be placed - 1 (1.64%) sPO, (%) 96.67+3.06  97.00+3.19  0.366
Total complication rate 19 (31.15%) 11 (18.03%)

P-LMA: ProSeal LMA, ETT: Endotracheal tube, LMA: Laryngeal mask
airway.
*Results are expressedd as number (%) patients.
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*PaO,: Partial pressure of oxygen, pH: Potential of hydrogen, PaCO,:
Partial pressure of carbon dioxide, HCO,: Bicarbonate, P/F ratio: PaOz/
FiO,, Paw: Airway pressure, P, : Peak inspiratory pressure, sPO,: Oxygen
saturation, PDT: Percutaneous dilatational tracheostomy.
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Table V: Comparison of Data Before and After Tracheostomy in
the P-LMA Group

Before PDT After PDT p
Pa0, (mmHg) 96.32 £22.28 122.48+86.27 0.108
pH 7.49 £0.08 7.47£0.09 0.286
paCo, (mmHg) 4590+10.17 46.87+11.53 0.600
HCO, (mEq L™) 32.98 +5.30 32.84+5.56 0.681
Lactate (mmol L?) 1.16 £+1.10 0.74+0.71 0.361
ETCO, (mmHg) 47.23+10.02 48.03+12.20 0.649
P/F ratio 260.45+16.66 269.39 +20.85 0.658
Paw (cmH,0) 11.87 £3.33 11.05+£2.80 0.023
PIP (cmH,0) 22.19+1.37 22.19+1.27 0.330
sPO, (%) 96.68 +2.12 96.94+1.73  0.502

*ETCO, : End-tidal carbon dioxide, PaO,: Partial pressure of oxygen,
PpH: Potential of hydrogen, PaCO,: Carbon dioxide, HCO: Bicarbonate;
P/F ratio: PaO,/FiO,, Paw: Airway pressure, P,: Peak inspiratory pressure,
sPO,: Oxygen saturation; PDT: Percutaneous dilatational tracheostomy.

cuff puncture, difficult insertion of tracheostomy tube, bleed-
ing, subcutaneous emphysema, guidewire passing through
Murphy’s Eye, bronchospasm and unplaceable LMA during
tracheostomy procedure. We found that the frequency of
complications was less and the duration of the intervention
was short in the P-LMA group. We found that the frequency
of overall complication incidence was lower (18.03% versus
31.15%) and the period of the operation time was shorter in
the P-LMA group (2.5 min versus 3.6 min).

A tracheostomy is commonly performed in patients who are
predicted to require prolonged mechanical ventilation in the
ICU (2,3,20). The tracheostomy procedure enables access to
the airway, cleaning of pulmonary secretions, communication
with the patient and oral nutrition (5,16,20,21). Studies which
reported the comparison between PDT procedures with
percutaneous and surgical techniques, it was found that the
procedure time was shorter and bleeding and postoperative
complications were encountered less with the PDT procedure
(20-23).

Dosemeci et al., in their study comparing fiberoptic-guided
LMA and ETT during the PDT procedure, reported that the
procedure time was shorter in the LMA group (4.5 min in the
LMA group, 5.9 min in the ETT group (5). Similarly, Linstedt et
al. reported a shorter procedure time in the LMA group (11
min in the LMA group, 13 min in the ETT group) (15). In our
study, it was observed that the processing time was shorter in
the PDT procedure. We think that this difference is due to the
fact that the team performing the procedure is experienced
in PDT.

JARSS 2022;30(1):9-15
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Reported disadvantages of the LMA include difficulty placing
the device, insufficient ventilation and increased intracranial
pressure as a result of acidosis and hypercarbia (23). In our
study, orotracheal re-intubation was required in one patient
in the P-LMA group due to difficulties placing the LMA. Any
problems were encountered in terms of ventilation and
hemodynamics in this patient. In our study, the overall com-
plication rate in the P-LMA group was 18.03%, while in the
ETT group it was 31.15%. Ambesh et al. reported a cuff punc-
ture rate of 6.6% and incidence of unintentional extubation
of 3.3% (16). Karimpour et al. reported a cuff puncture rate
of 1.1% and airway loss of 1.1% (17). In our study, tube-re-
lated complications developed in 19 patients (31.15%) and
cuff puncture occurred in 11 (18.03%) patients. In our study,
while 19 patients developed tube-related complications
in the ETT group, 11 (18.03%) patients had cuff puncture.
Guidewire passed through Murphy's Eye of intubation tube
in 3 (4.92%) patients. Compared to the reported complication
rates in the literature, tube-related complications rate were
relatively high in our study. In our study, the most common
complication in the ETT group was cuff puncture (18.03%).
In our study, there was a low incidence of bleeding, with
bleeding occurring in 4.92% of patients in the ETT group and
3.28% of patients in the P-LMA group. We consider that use
of the LMA could prevent these complications. Saritas et al.
concluded that the routine use of fiberoptic bronchoscopy
during PDT is not necessary, but it may be beneficial for obese
patients and patients with difficult neck anatomy (8). In our
study, complications developed in 11 (18.03%) patients in the
P-LMA group. The most common complication was difficult
insertion of the tracheostomy tube into the tracheal lumen
in 6 (9.84%) patients. Minor bleeding occurred in 2 patients
(3.28%) in the ETT group and it was stopped with local inter-
ventions. During the PDT procedure, one (1.64%) patient in
the P-LMA group developed bronchospasm. These patients
showed a rapid response to bronchodilator therapy and did
not develop permanent damage. Subcutaneous emphyse-
ma developed in one (1.64%) patient the P-LMA group on
the first post-operative day. It is stated that subcutaneous
emphysema may develop due to extreme cough and tissues
in the stoma around the trachesotomy (24). In our patient,
subcutaneous emphysema volume and size was low and diss-
appear on the 7" day. The LMA could not be placed in one
(1.64%) patient, and the PDT procedure was performed again
by orotracheal intubation. We attribute the lower complica-
tion rate in the P-LMA group to the use of the LMA and bron-
choscopy together. This allowed visualization of the anatomy
of the larynx, the needle entering the trachea, the passage of
the guidewire, and the entry of the dilatator into the tracheal
canal. The use of the LMA and bronchoscopy together also
made it easier to control the position of the cannula. Reilly
et al. reported that PaCO, pressure increased during the PDT
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procedure under the guidance of bronchoscopy in patients
ventilated with an endotracheal tube (23). In their study,
the duration of the PDT was 1316 min. In our study, it was
3.6 (¥2.6) min in the ETT group and 2.5 (+1.6) minute in the
P-LMA group. Partial CO, pressure did not increase in present
study and we attribute this to the shorter bronchoscopy time
as compared with that reported in the study by Reilly et al.
(23). In our study, there was a statistically significant decrease
in PIP level after tracheostomy compared to pre-tracheosto-
my values in the ETT group. This finding indicates that the
pressure decreased after the PDT procedure. The change in
Paw pressure and that the pressure decreased after the PDT
procedure. In this situation, lung ventilation improved in both
groups after tracheostomy.

CONCLUSION

The use of bronchoscopy, together with the LMA, can help to
eliminate posterior wall trauma by providing visualisation of
tracheal lumen during the procedure.

Using P-LMA under bronchoscopy instead of ETT for PDT
resulted in a decreased complication rate. Additionally, the
PDT technique took less time in the P-LMA group than in the
ETT group.
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