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The feasibility and safety of percutaneous dilatational
tracheostomy without endotracheal guidance in the

intensive care unit

Ji Eun Kim', Dong Hyun Lee®

Departments of ' Emergency Medicine and’Intensive Care Medicine, Dong-A University Hospital, Dong-A University College of Medicine, Busan, Korea

Background: Percutaneous dilatational tracheostomy (PDT) is a common procedure in intensive
care units (ICUs). Although it is thought to be safe and easily performed at the bedside, PDT usually
requires endotracheal guidance, such as bronchoscopy. Here, we assessed the clinical outcomes
and safety of PDT conducted without endotracheal guidance.

Methods: In the ICU and coronary ICU at a tertiary hospital, PDT was routinely performed without
endotracheal guidance by a single medical intensivist using the Griggs technique PDT kit (Portex
Percutaneous Tracheostomy Kit). We retrospectively reviewed the electronic medical records of pa-
tients who underwent PDT without endotracheal guidance.

Results: From January 1 to December 31, 2018, 78 patients underwent PDT without endotracheal
guidance in the ICU and coronary ICU. The mean age of these subjects was 71.9+11.5 years, and 29
(37.29%) were female. The mean Acute Physiology and Chronic Health Evaluation (APACHE) Il score
was 25.9+5.8. Fifty patients (64.1%) were on mechanical ventilation during PDT. Failure of the ini-
tial PDT attempt occurred in four patients (5.1%). In two of them, PDT was aborted and converted
to surgical tracheostomy; in the other two patients, PDT was reattempted after endotracheal rein-
tubation, with success. Minor bleeding at the tracheostomy site requiring gauze changes was ob-
served in five patients (6.4%). There were no airway problems requiring therapeutic interventions
or procedure-related sequelae.

Conclusions: PDT without endotracheal guidance can be considered safe and feasible.
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INTRODUCTION

Percutaneous dilatational tracheostomy (PDT) is commonly performed for the airway man-
agement of critically ill patients in the intensive care unit (ICU) [1-3]. Although the timing
of tracheostomy in ventilated patients is a controversial topic [4,5], tracheostomy has many
advantages in facilitating weaning, improving patient mobilization and reducing sedative re-
quirements, laryngeal damage, breathing effort, and costs [6,7].

Although surgical tracheostomy is the routine practice of choice, PDT is also widely per-
formed in the ICU [1,3]. Endoscopic guidance with bronchoscopy was the standard of prac-
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tice at initial introduction because of its direct visualization of
the endotracheal position [8]. Physicians have performed PDT
by a variety of endotracheal guides, such as bronchoscopy [9],
real-time ultrasound [10,11], and light sources [12]. In a recent
study, PDT was safely performed by experienced physicians
both with and without bronchoscopic guidance [13]. Addition-
ally, Pattnaik et al. [14] reported a case series of 300 patients
who safely underwent PDT without bronchoscopic guidance.
The purpose of this study was to analyze the feasibility and
safety of PDT without endotracheal guidance at the bedside in
the ICU.

MATERIALS AND METHODS

Research Ethics

This study was approved by the Institutional Review Board of
Dong-A University Hospital (IRB No. DAUHIRB-20-036). The
Board waived the requirement for informed consent due to the
retrospective study design.

Study Design and Patient Selection

This was a retrospective observational study of patients who
underwent PDT without endotracheal guidance at a single
tertiary hospital from January 1 to December 31, 2018. Pa-
tients who underwent PDT were initially screened, and the
corresponding electronic medical records, including proce-
dure notes, nurse notes, vital signs, and physician progression
notes, were manually reviewed.

Patients 218 years of age were included if they underwent
PDT without endotracheal guidance, which was an almost
routine practice for tracheostomy during the period. Patients
were excluded if PDT was performed by other physicians or by
endotracheal guidance (bronchoscopy, video laryngoscopy,
ultrasound, etc.) and if they initially underwent surgical tra-
cheostomy.

Outcome Measurements

The primary outcome was defined as successful PDT. PDT fail-
ure was defined as reintubation or airway management using a
supraglottic airway device (SAD) for any reason or conversion
to surgical tracheostomy after the initiation of PDT. Secondary
outcomes were defined as immediate (within 24 hours) and
delayed (within 7 days) procedure-related complications, such
as hypoxia, bleeding and hypotension within 24 hours after
PDT and delayed problems associated with tracheostomy
within 7 days after PDT. Hypotension was defined as a systolic
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KEY MESSAGES

= Percutaneous dilatational tracheostomy (PDT), which is
accepted to be safe, usually performed with endotrache-
al guidance.

= PDT without endotracheal guidance can also be per-
formed safely.

blood pressure of 70 mm Hg or less; major bleeding was de-
fined as bleeding requiring an aggressive intervention, such
as embolization, electrocoagulation, and wound revision; and
minor bleeding was defined as hemorrhage requiring direct
compression at the procedure site within an hour. Hypoxia
was defined an oxygen saturation on pulse oximetry of 88%.
Survival and discharge were also reviewed.

Procedure

PDT was routinely performed by a single medical intensivist
using the Griggs technique PDT kit (Portex Percutaneous Tra-
cheostomy Kit; Smith Medical, Kent, England) without any en-
dotracheal guidance. The physician in this study, as a medical
intensivist, had experience with more than 100 cases of PDT
for more than 3 years and performed PDT with bronchoscopic
endotracheal guidance in 20 cases and without endotracheal
guidance in 52 cases in the previous 1 year.

The PDT procedures were routinely performed as follows.
The patient was prepared by the administration of analgesics
and sedatives and was placed in the supine position with the
neck hyperextended. Continuous remifentanil infusion from
0.06 pg/kg/hr to 0.14 pug/kg/hr was used for analgesia, and
bolus 5 mg of midazolam was used for procedural sedation.
A neuromuscular blockade agent was not used during PDT.
Blood pressure, heart rate and pulse oximetry were continu-
ously monitored. The neck of the patient was widely disinfect-
ed with chlorhexidine gluconate solution and covered with
sterile drapes for the aseptic procedure. The operator palpated
the neck carefully from top to bottom to identify two important
landmarks: the cricothyroid membrane and the sternal notch.
The incision site was placed under 1 fingerbreadth from the
cricothyroid membrane, targeting between the 2nd and 3rd
tracheal cartilaginous rings. The sternal notch was a landmark
warning not to proceed below this line. Local anesthesia with
2% lidocaine and 1:100,000 epinephrine was given subcuta-
neously at the incision site. After making an approximately
2-cm transverse skin incision, dissection of the pretracheal soft
tissue was performed. The assistant changed the fraction of in-
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spired oxygen setting to 100% and withdrew the endotracheal
tube to 15 cm on the incisor while the operator palpated the
tracheal membrane at the insertion site. Puncture of the tra-
chea was cautiously performed on the midline of the incision,
and the endotracheal position was confirmed by air bubble
aspiration of a syringe containing 0.9% normal saline. Then,
a guide wire was inserted, followed by removal of the needle.
The initial stoma was made using a dilator, followed by second
stoma formation with dilating forceps by the Griggs technique.
Then, the tracheostomy cannula was placed using the Selding-
er technique along the guide wire, and the patient was totally
extubated by the assistant. The proper endotracheal position
of the tracheostomy tube confirmed the smooth passage of
the rubber suction tip into the cannula. During the procedure,
most events concerning the patient were recorded on the elec-
tronic medical record system. All patients were confirmed by
chest X-rays, and vital signs were recorded after the procedure.

Statistical Analysis
The data were analyzed using IBM SPSS ver. 21.0 (IBM Corp.,

Armonk, NY, USA) for Windows. Nominal variables were ex-
amined by the Fisher’s exact test, and continuous variables
were examined by the Shapiro-Wilk and the Kolmogor-
ov-Smirnov test for assessing the normality of the distribution.
If the test result was significant (P<0.05), the sample data dis-
tribution was considered non-normal. Over half of the contin-
uous variables followed a normal distribution and are present-
ed as the mean and standard variation. The other continuous
variables followed a non-normal distribution and are present-
ed as the median (interquartile range). Nominal variables are
presented as the number and incidence rate (%). Values were
rounded off to one decimal place.

RESULTS

Patient Characteristics

From January 1 to December 31, 2018, 78 patients underwent
PDT in the ICU and coronary ICU. The mean age was 71.9+11.5
years, and 29 patients (37.2%) were female. More than half of
the patients were admitted to pulmonology (46 patients, 59%),
followed by cardiology (7 patients, 9%), nephrology (5 pa-
tients, 6.4%), and others (16 patients, 20.5%). The mean Acute
Physiology and Chronic Health Evaluation (APACHE) II score
was 25.9+5.8, and 71 patients (91%) had received mechanical
ventilation during their whole hospitalization. Fifty patients
(64.1%) had been on mechanical ventilation during PDT;

Acute and Critical Care 2022 February 37(1):101-107

T

ventilator modes were synchronized intermittent mandatory
ventilation (35 patients, 44.9%), pressure support ventilation
(9 patients, 11.5%), and controlled mandatory ventilation (6
patients, 7.7%). Their mean FiO, was 40.0% (30.0-40.0), and
the duration from mechanical ventilation to PDT was 14.0+7.5
days. Seventeen patients (21.8%) needed vasopressors to
maintain their blood pressure. Thirty patients (38.5%) had
taken anticoagulants or antiplatelets within 7 days before PDT,
and their mean duration was 2.0 days (2.0-3.3 days): aspirin (9
patients, 11.5%), clopidogrel (9 patients, 11.5%), enoxaparin
(14 patients, 17.9%), heparin (3 patients, 3.8%), warfarin (3 pa-
tients, 3.8%), and dalteparin (1 patient, 1.3%). Detailed base-
line characteristics of the patients are shown in Table 1.

Successful PDT and Complications Associated with PDT
Failure

The primary outcome of the study was successful PDT. Among
the 78 study patients, successful PDT was achieved in 74
(94.9%) at the first cannulation attempt. Four patients expe-
rienced initial cannulation failure. In two of these patients, a

Table 1. Characteristics of patients who underwent PDT without
endotracheal guidance

Characteristics Value (n=78)
Age (yr) 7194115
Sex
Male 49 (62.8)
Female 29 (37.2)
Height (cm) 163.349.6
Weight (kg) 56.4+12.1
Admission department
Pulmonology 46 (59)
Cardiology 7(9)
Nephrology 5 (6.4)
Gastroenterology 4(5.1)
Other 16 (20.5)
APACHE Il score 259+5.8
Mechanical ventilation during PDT
On mechanical ventilation 50 (64.1)
Mean FiO, (%) (n=50) 40 (30-40)
Duration from mechanical ventilation to PDT (day) 14.0+7.5
Vasopressor therapy 17 (21.8)
Anticoagulant/antiplatelet treatment within 7 days 30(38.5)
Anticoagulation duration before PDT (day) 2.0(2.0-3.3)

Values are presented as meanzstandard deviation, number (%), or median
(interquartile range).

PDT: percutaneous dilatational tracheostomy; APACHE: Acute Physiology and
Chronic Health Evaluation.
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SAD was used to maintain airway patency, followed by suc-
cessful PDT. The other two patients were reintubated and con-
verted to surgical tracheostomy. All of the patients recovered
completely after PDT or surgical tracheostomy without any
hypoxia-related sequelae.

In the assessment of secondary outcomes, hypotension was
the most common complication (16 patients, 20.5%); eight
patients (10.3%) required crystalloid replacement only, four
patients (5.1%) required vasopressors, and four patients (5.1%)
required both crystalloid replacement and vasopressors. Mi-
nor bleeding at the tracheostomy site occurred in five patients
(6.4%), and they needed only supportive care, such as direct
manual compression or simple dressing. Major bleeding re-
quiring surgical intervention or transfusion was not reported
(Table 2). There were no early complications concerning the
airway requiring therapeutic procedures or interventions
within a week after the procedure.

After PDT, 47 patients (60.3%) were transferred to another
hospital, five patients (6.4%) were discharged home, and 26
patients (33.3%) died. The mean time from the day of PDT to
death was 23.0 days (11.3-67.0 days) (Table 3).

Clinical Characteristics of Patients with PDT Failure on
the First Attempt

Four patients failed at the first attempt of PDT due to hypoxia.
Clinical characteristics of patients with initial PDT failure are
described in Table 4. Four patients experienced failed weaning
from mechanical ventilation for various reasons and under-
went PDT after different durations of mechanical ventilation.
In the first case of failure, a 65-year-old woman with non-
small-cell lung carcinoma needed mechanical ventilation due
to consistent atelectasis and pneumonia. The 1st PDT attempt

Table 2. Early complications of PDT without endotracheal guidance

Complication Value (n=78)
Hypoxia 4(5.2)
Conversion to surgical tracheostomy 2(2.6)
Subglottic airway device insertion 2(2.6)
Hypotension 16 (20.5)
Crystalloid replacement only 8(10.3)
Vasopressor treatment only 4(5.1)
Both crystalloid replacement and vasopressor therapy 4(5.1)
Bleeding 5(6.4)
Major bleeding 0
Minor bleeding 5 (6.4)

T

failed, and the SpO, dropped to 67% during the 1st attempt. A
SAD was inserted for oxygenation, and the 2nd PDT attempt
was successful. In the second case, a 59-year-old man with
olivopontocerebellar atrophy required long-term mechanical
ventilation due to postoperative complications of gastric ulcer
perforation. After the 1st PDT attempt, the mechanical ventila-
tor was connected, but the tidal volume was not received from
the mechanical ventilator due to tracheostomy site obstruc-
tion. The patient’s SpO, dropped to 76%, and a SAD was insert-
ed immediately; the 2nd PDT attempt was successful. In the
third case, a 48-year-old woman with alcoholic liver cirrhosis
failed to wean from mechanical ventilation after liver trans-
plantation. The 1st PDT attempt failed, and the SpO, dropped
to 75%. The patient was reintubated and underwent conver-
sion to surgical tracheostomy. Lastly, an 84-year-old man with
hypertension and diabetes mellitus underwent PDT because
of poor airway protection after spinal stenosis surgery. The 1st
PDT attempt failed, and the SpO, dropped to 79%. A SAD was
inserted, and the subsequent 2nd attempt failed. This patient
also underwent conversion to elective surgical tracheostomy.

DISCUSSION

In the present retrospective observational study, most patients
(94.9%) underwent successful PDT without endotracheal
guidance. Although four patients experienced hypoxia requir-
ing reintubation or SADs during the procedure, there were no
hypoxia-related sequelae.

The initially introduced standard PDT procedure included
endotracheal guidance using bronchoscopy [15]. However,
bronchoscopy requires an experienced and professional phy-
sician with additional assistants. Devices and equipment for
PDT should also include a bronchoscope. To overcome the
complexity and high degree of the required labor force, physi-
cians have developed alternative endotracheal guides, such as
ultrasound [10,11] and light sources [12]. Finally, PDT without
endotracheal guidance has also been introduced [13,14].

Table 3. Outcome of patients who underwent PDT without endotracheal
guidance

Outcome Value (n=78)
Discharged to home 5(6.4)
Transferred to another hospital 47 (60.3)
Expired 26 (33.3)

Values are presented as number (%).
PDT: percutaneous dilatational tracheostomy.
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Table 4. Characteristics of patients with PDT failure on the first attempt

T

Age (yr)/ N Duration from Complications during :
sex Underlying disease Reason for MV MV to PDT (day) PDT course PDT Special note
65/F NSCLC _ Pneumonia, atelectasis 15 1st attempt failure Hypoxia (Sp0,, 67%)
(adenocarcinoma) 2nd attempt success
59/M  Olivopontocerebellar Postoperative care _ 19 1st attempt failure Hypoxia (Sp0,, 76%) Heparinization for CRRT
atrophy (gastric ulcer perforation) 2nd attempt success Tracheostomy site
obstruction
48/F Alcoholic liver Postoperative care 23 1st attempt failure Hypoxia (Sp0,, 75%) Thrombocytopenia
cirrhosis (liver transplantation) 2nd surgical tracheostomy Bloody secretion from (platelet count, 38,000/ul)
E-tube
84/M  Hypertension, Postoperative care 20 1st attempt failure Hypoxia (Sp0,, 79%)

diabetes mellitus ~ (spinal stenosis)

2nd attempt failure
3rd surgical tracheostomy

PDT: percutaneous dilatational tracheostomy; MV: mechanical ventilation; NSCLC: non-small-cell lung carcinoma; CRRT: continuous renal replacement therapy;

E-tube: endotracheal tube.

Recently, PDT has been considered safe, but procedures re-
quiring advanced airway management are often dangerous and
devastating and may even lead to death. Common immediate
or early complications occurring within 7 days are bleeding, hy-
poxia, posterior tracheal wall injury, tracheal tube obstruction,
and so on. In the present study, one of the early complications
was hypotension (16 patients, 20.5%), which is thought to be
associated with sedative use. Hypoxia (4 patients, 5.1%) and
bleeding (5 patients, 6.4%) were also reported. Hypotension
and bleeding were minor events that resolved by conservative
management. Major surgical problems, such as tracheal wall
injury and tube obstruction, were not reported.

Although four patients required airway management be-
cause of hypoxia during PDT, normal range oxygenation
was recovered after proper airway management without any
hypoxia-related sequelae. However, conversions to surgical
tracheostomy were required in two patients (2.6%). Beyond 7
days, late complications such as subglottic or tracheal stenosis,
unplanned decannulation, stomal infection, and permanent
voice changes can occur [16,17]. However, in this study, severe
late complications in need of medical attention were not re-
ported.

In the present study, remifentanil and midazolam were
routinely used for procedural analgesia and sedation. Al-
though hypoxia was observed in 5.1% of patients, apnea was
not observed. Due to endotracheal intubation with or without
mechanical ventilation, most patients were receiving an con-
tinuous remifentanil infusion titrated to minimize pain and
agitation before PDT. As a result, patients received relatively
high doses of remifentanil via continuous infusion and an

additional bolus of midazolam for the PDT procedure without
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apnea event. The higher incidence of hypotension (20.5%)
than hypoxia without any apnea event can be explained by the
basal opioid exposure of the patients.

Previous studies on PDT without endotracheal guidance
found that the procedure was relatively safe. However, Pat-
tnaik et al. [14] reported several important complications in
300 cases of PDT without endotracheal guidance, including
two cases (0.6%) of false lumen insertion, two cases (0.6%) of
major bleeding requiring transfusion, and two cases (0.6%)
of death within 24 hours as early complications. Additionally,
four cases (1.3%) of subglottic stenosis were also reported as
late complications. Jackson et al. [13] compared the outcomes
of PDT with or without bronchoscopy guidance in trauma pa-
tients. There was no significant difference in the incidence of
major early and late complications. One case of cardiac arrest
was reported in the PDT with bronchoscopy guide group.

In this study, the patients received PDT without endoscopic
guidance in the ICU. The use of endotracheal guides facilitates
a safe and precise procedure [9-11], but this usually requires
considerable technician labor, costs, and time. Furthermore,
in many hospitals, bronchoscopy and real-time ultrasound are
not always accessible for tracheostomy, and physicians must
wait for the devices and technicians to be prepared. On the
other hand, clinicians performing PDT without endotracheal
guidance do not need to wait for devices or technicians, and
the procedure can be performed immediately if the patient
and operating physician are ready. The present investigation
reports a lower incidence of major complications than previ-
ous studies.

The authors also tried to discriminate risk factors to predict
PDT failure. Although previous studies have reported PDT
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without endoscopic guidance to be safe, they have also report-
ed fatal complications, such as false-lumen insertion, major
bleeding, and cardiac arrest [13,14]. However, there are no
available data on clinical factors associated with failure or fatal
complications. In the presenting study, we also failed to dis-
criminate the risk factors for the failure in the first PDT attempt.

The present investigation has several limitations. First, it
was a retrospective observational study with a small number
of patients in a single tertiary medical center. However, most
patients were homogeneous; most were treated in the medical
department, and PDT was performed by a single intensivist.
Second, the study did not include patients who initially under-
went surgical tracheostomy, suggesting selection bias. There is
a possibility that those who underwent initial surgical trache-
ostomy exhibited a difficult anatomy for tracheostomy. Third,
an experienced single medical intensivist performed PDT in
the ICU. The physician had good performance in this study,
but the proficiency of the operator was the key point in per-
forming PDT without endotracheal guidance. Thus, there is
the possibility that safety is not guaranteed in PDT depending
on the physician’s ability.

In conclusion, PDT without endotracheal guidance can be
performed safely on most ICU patients. Regarding the costs,
time, and requirement of specific technicians for endotracheal
guidance, PDT performed by experienced physicians using
precise landmarks can be a feasible choice. Further studies
comparing PDT with and without endotracheal guidance can
yield precise clinical guidance.
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