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Abstract
Background: Percutaneous tracheostomy, almost associated with cough reflex and hemodynamic fluctuations, is a common
procedure for traumatic brain injury (TBI) patients, especially those in neurosurgery intensive care units (NICUs). However, there are
currently a lack of effective preventive measures to reduce the risk of secondary brain injury. The aim of this study was to compare the
effect of dexmedetomidine (DEX) vs sufentanil during percutaneous tracheostomy in TBI patients.

Methods: The 196TBI patientswhounderwent percutaneous tracheostomywere randomized divided into 3 groups: groupD1 (n= 62,
DEX infusion at 0.5mg·kg–1 for 10minutes, then adjusted to 0.2–0.7mg·kg–1·hour–1), group D2 (n=68, DEX infusion at 1mg·kg–1 for 10
minutes, thenadjusted to0.2–0.7mg·kg–1·hour–1), andgroupS (n=66, sufentanil infusion0.3mg·kg–1 for 10minutes, thenadjusted to0.2–
0.4mg·kg–1·hour–1).Thebispectral index (BIS)ofallpatientswasmaintainedat50to70duringsurgery.Anesthesiaonset time,hemodynamic
variables, total cumulative dose of DEX/sufentanil, total doses of rescue propofol and fentanyl, time to first dose of rescue propofol and
fentanyl, number of intraoperative patient movements and cough reflexes, adverse events, and surgeon satisfaction score were recorded.

Results:Anesthesiaonset timewassignificantly lower ingroupD2than inbothothergroups(14.35±3.23vs12.42±2.12vs13.88±3.51
minutes ingroupsD1,D2,andS,respectively;P< .001).Bothheart rateandmeanarterialpressureduringpercutaneoustracheostomywere
morestable ingroupD2.Totaldosesof rescuepropofolandfentanylweresignificantly lower ingroupD2than ingroupD1(P< .001).Thetime
to first doseof rescuepropofol and fentanylwere significantly longer in groupD2 than in bothother groups (P< .001). Thenumber of patient
movementsandcough reflexesduringpercutaneous tracheostomywere lower ingroupD2 than inbothothergroups (P< .001). Theoverall
incidences of tachycardia and hypertension (which required higher doses of esmolol and urapidil, respectively) were also lower in groupD2
than inbothothergroups(P< .05).Threepatients ingroupShadrespiratorydepressioncomparedtoXintheD1groupandXintheD2group.
The surgeon satisfaction score was significantly higher in group D2 than in both other groups (P< .05).

Conclusions:During percutaneous tracheostomy, compared with sufentanil, DEX (1mg·kg–1 for 10minutes, then adjusted to 0.2–
0.7mg·kg–1·hour–1) can provide the desired attenuation of the hemodynamic response without increased adverse events.
Consequently, DEX could be used safely and effectively during percutaneous tracheostomy in TBI patients.

Abbreviations: ASA = American Society of Anesthesiologists, BIS = bispectral index, CBF = cerebral blood flow, CMRe =
cerebral metabolic rate equivalent, DBP = diastolic blood pressure, FiO2 = fraction of inspired oxygen, GABA = gamma-
aminobutyric acid, GCS = glasgow coma scale, HR = heart rate, IQR = inter-quartile range, MAP =mean arterial pressure, NICUs =
neurosurgery intensive care units, PaO2 = pressure of oxygen, PbtO2 = partial pressure of brain tissue oxygen, PSH = Paroxysmal
sympathetic hyperactivity, PSH-AM = PSH Assessment Measure, SBP = systolic blood pressure, SpO2 = saturation of peripheral
oxygen, TBI = traumatic brain injury, TH = therapeutic hypothermia, TTM = targeted temperature management.
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1. Introduction

Traumatic brain injury (TBI) is a serious medical problem
worldwide. The annual number of new TBI patients in the
United States is 1.7 million, with >257,000 requiring
hospitalization and 50,000 deaths. The cost of TBI in the
United States in 2013 was estimated to be $13.1 billion, and an
additional $51.2 billion is lost because of missed work and lost
productivity.[1] TBI represents a principal cause of death and
disability in patients aged <35 years in the United States.[2] The
high mortality rate associated with TBI may be due to the highly
variable pathologies involved, such as neuroinflammation,
neurotransmitter imbalances, and structural and functional
brain damage.[3,4] As a result, there are more and more
organizations providing guidelines on perioperative care and
management of severe TBI.[5,6]
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Percutaneous tracheostomy is one of the most commonly
conducted procedures for TBI patients, especially in neurosurgery
intensive care units (NICUs). It has many potential advantages,
such as improving nursing care and tolerability and reducing
rates of laryngeal edema and oral infection.[7] However,
percutaneous tracheostomy is almost associated with cough
reflex and fluctuation of hemodynamics, which can increase
intracranial pressure and eventually affect prognosis.[8] As a
result, percutaneous tracheostomy has been performed with a
combination of local and intravenous anesthesia/sedation to
promote patient comfort. Themost commonly used drugs include
opiates, benzodiazepines, and propofol. However, each of these
drugs has its own limitations, such as significant respiratory
depression and loss of protective airway reflexes, which can
increase the risk of poor neurological outcomes in TBI
patients.[9,10] Hence, an ideal sedative and analgesic drug with
limited adverse effects for use during percutaneous tracheostomy
in TBI patients is urgently needed.
Dexmedetomidine (DEX), which has sedative, analgesic, and

anxiolytic properties and does not cause respiratory depression,
has been widely used in anesthesia and in intensive care units.[11]

Previous research has also shown that DEX can reduce
sympathetic nerve tension during laryngoscopy and tracheal
intubation.[12] However, there are few studies on the sympathetic
nervous system response during percutaneous tracheostomy. The
purpose of this study was to compare the effect of DEX vs
sufentanil during percutaneous tracheostomy in TBI patients.

2. Materials and methods

2.1. Patients

We obtained approval for this trial from the Institutional Review
Board of Liaocheng People’s Hospital, and the trial was
registered at chictr.org (ChiCTR-IPR-16008494). All the
patients’ guardians signed informed consent forms. TBI patients
who underwent percutaneous tracheostomy with sufentanil or
DEX between August 2016 and December 2018 were enrolled in
this study if they met the following inclusion criteria: aged 40 to
65 years with severe TBI (Glasgow Coma Scale [GCS] �8). The
exclusion criteria were as follows: history of hypertension (mean
arterial pressure [MAP] >110 mmHg, systolic blood pressure
[SBP] >160 mmHg, or diastolic blood pressure [DBP] >90
mmHg); hypotension (MAP <70 mmHg, SBP <90 mmHg, or
DBP <50 mmHg); bradycardia (heart rate [HR] <50beats/
minute); hypoxemia (partial pressure of oxygen [PaO2] <60
mmHg or saturation of peripheral oxygen [SpO2] <90%);
second- or third-degree heart block; long-term (>6 months)
abuse of or addiction to alcohol, tobacco, opioids, or sedative–
hypnotic drugs; allergy to study drugs; serious hepatic dysfunc-
tion (Child-Pugh class B or C); and serious renal dysfunction
(serum creatinine >445mmol/L and/or blood urea nitrogen >20
mmol/L).

2.2. Percutaneous tracheostomy

No premedication was administered before surgery. Electrocar-
diography, noninvasive arterial blood pressure, SpO2, and
axillary temperature were monitored (IntelliVue MP50 Patient
Monitor; Philips) according to the American Society of
Anesthesiologists (ASA) standardized guidelines.[13] Oxygen
supplementation at 5 L·minute–1 was achieved using an oxygen
face mask. A forced-air warming device (Bair Hugger 750;
2

Germany) was also used during the surgery to maintain
normothermia. Patients in groups D1 and D2 received a loading
dose of 0.5 or 1.0mg·kg–1 DEX over 10minutes, respectively,
followed by a maintenance infusion of 0.2 to 0.7mg·kg–1·hour–1

during surgery. Patients in group S received a loading dose of
0.3mg·kg–1 sufentanil over 10minutes followed by amaintenance
infusion of 0.2 to 0.4mg·kg–1·hour–1 during surgery. The target
score of the 3 groups was a Bispectral Index (BIS; Model A2100;
Covidien, Mansfeld, MA) of 50 to 70, based on the results of a
previous study.[14]

The percutaneous tracheostomies[15] were performed in an
identical fashion by neurosurgeons with ≥5 years of residency
experience. Planned incision sites were injected with 1%
lidocaine with epinephrine at a ratio of 1:100,000. Once an
airway was established after exposure of the tracheal rings, an
endotracheal tube was placed and confirmed by capnography.
The tube was secured in place with two 0 silk sutures and
tracheostomy ties. During the surgery, 0.5 mg·kg–1 propofol was
given repeatedly every 5minutes if BIS >70, and 1mg·kg–1

fentanyl was administered repeatedly every 5minutes if the
patient moved.
2.3. Adverse events

Coughing after tracheal intubation was assessed using a 5-point
scale, as reported in a previous study:
(1)
 no cough, easy breathing;

(2)
 slight coughing (1 or 2), easy breathing;

(3)
 moderate coughing (3 or 4);

(4)
 heavy coughing, breathing hard; and

(5)
 laryngospasm, severe coughing, or hardly breathing.[8]

Hypertension (MAP>110mmHg or SBP>160mmHg) was
treated with urapidil (10–15mg). Hypotension (MAP<70
mmHg or SBP<110mg) was treated with an intravenous bolus
of ephedrine (6–12mg) or phenylephrine (20–40mg). Bradycar-
dia (HR <50beats/minute) was treated with atropine (0.2–0.4
mg). Tachycardia (HR>120beats/minute) was treated with
esmolol (20–30mg). Hypoxia was treated with supplemental
oxygen or by increasing the fraction of inspired oxygen (FiO2).
Respiratory depression (respiratory rate <8breaths/minute or
SpO2<90%)was treated with physical stimulation, naloxone, or
positive pressure ventilation.[16]
2.4. Outcome variables

Preoperative, intraoperative, and postoperative variables were
reviewed using an electronic chart and DoCare Clinic electronic
anesthesia recording system. Hemodynamic variables (MAP and
HR) were measured at T0, T1, T2, T3, T4, T5, T6, and T7, which
were defined as at arrival at the operation room, at the start of
infusion, after bolus administration of drug, before local
anesthetic, before skin incision, at tracheal intubation, at 5
minutes after tracheal intubation, and at 10minutes after tracheal
intubation, respectively. Paroxysmal sympathetic hyperactivity
(PSH) score, anesthesia onset time, duration of anesthesia and
surgery, total cumulative dose of DEX/sufentanil, time to first
dose of rescue propofol and fentanyl, total doses of rescue
propofol and fentanyl, number of intraoperative patient move-
ments, surgeon satisfaction score, and adverse events (such as
bradycardia, tachycardia, hypotension, hypertension, and respi-
ratory depression) were also recorded.
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2.5. Statistical analysis

TheKolmogorov–Smirnov testwas used to assess the distributionof
variables. Homogeneity of variance was determined using Levene
test.Continuousdatawereexpressedasmeanandstandarddeviation
ormedian and inter-quartile range (IQR), depending onwhether the
datawerenormallydistributed.Fornormallydistributedcontinuous
variables, inter-group comparisons were performed using repeated-
measures analysis of variance. The Bonferroni correction was used
for post-hoc multiple comparisons. For non-normally distributed
continuous variables, inter-group comparisons were performed
using the nonparametric Kruskal–Wallis test. Categorical datawere
expressedasfrequencyandpercentageandanalyzedusingchi-square
tests or Fisher exact tests, when appropriate. P values <.05 were
considered statistically significant. Statistical analysiswasperformed
with SPSS for Windows version 23.0 (SPSS Inc., Chicago, IL).
3. Results

3.1. Baseline characteristics

Figure 1 shows a flow diagram of patient enrollment. The 293
TBI patients who underwent percutaneous tracheostomy were
Figure 1. Flow diagram
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screened between August 2016 andDecember 2018. Based on the
inclusion/exclusion criteria, 97 patients were excluded: 23
patients had a history of hypertension; 5 had a history of
hypotension; 2 had bradycardia; 12 had hypoxemia; 4 had
second- or third-degree heart block; 22 had long-term abuse of or
addiction to alcohol, tobacco, opioids, or sedative–hypnotic
drugs; 1 was allergic to the study drugs; 3 had a history of serious
hepatic dysfunction; 2 had a history of renal dysfunction; and 23
had incomplete clinical data. Finally, 196 patients were included
and divided into 3 groups. Demographic variables were not
significantly different among the 3 groups (P> .05, Table 1).

3.2. Intraoperative variables

There were no significant differences among the three groups
with respect to baseline variables (P> .05, Fig. 2). Compared
with group S, both HR and MAP in groups D1 and D2 were
significantly decreased at T4, T5, and T6 (P< .05, Fig. 2). The
lowest HR and MAP values in the 3 groups all occurred at T3.
Anesthesia onset time was significantly shorter in group D2

(15.36±4.23 vs 15.42±3.12 vs 13.98±2.58minutes in groups
S, D1, and D2, respectively, P< .001, Table 2), and durations of
of patient enrollment.
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Table 1

Demographic parameters among the 3 groups.

Variable Group S (n=66) Group D1 (n=62) Group D2 (n=68) P values

Age (yr) 52.53±9.33 55.02±8.92 55.89±7.92 .073
Body weight (kg) 68.39±8.43 71.83±9.34 70.98±7.20 .052
Sex (male/female) 40/26 43/19 41/27 .485
BMI (kg m–2) 23.09±3.12 22.02±2.92 22.87±2.78 .099
Preoperative GCS 7.78±1.09 7.88±0.92 7.82±1.03 .856
PSH score 10.37±3.23 9.31±3.04 9.39±3.19 .104
Comorbidity, n (%) .982
Arrhythmia 2 (3.03%) 3 (4.84%) 5 (7.35%)
Diabetes mellitus 22 (33.33%) 19 (30.65%) 24 (35.29%)
COPD/asthma 3 (4.55%) 3 (4.84%) 4 (5.88%)
Anemia 7 (10.61%) 9 (14.52%) 11 (16.18%)

Variables presented as mean±SD or number of patients n (%). BMI=body mass index, COPD=chronic obstructive pulmonary disease, GCS=Glasgow Coma Scale.
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anesthesia and surgery were also significantly shorter in groupD2
(P< .05, Table 2).
More patients in groups D1 and S compared with group D2

required rescue propofol to maintain BIS at 50 to 70 (66.67% vs
42.67% vs 32.35% in groups S, D1, and D2, respectively,
P< .001, Fig. 3A). However, the total dose of rescue propofol
was significantly higher in group S than in groups D1 andD2 (1.5
±0.4 vs 1.1±0.3 vs 0.9±0.4 mg·kg–1 in groups S, D1, and D2,
Figure 2. Hemodynamics were monitored in the three groups. (A) Comparison
of heart rates (HR) (beats/minute) in the 3 groups at different time points. (B)
Comparison of mean arterial pressure (MAP) (mmHg) in the 3 groups at
different time points. T0: arrival at the operation room, T1: at the start of
infusion, T2: after bolus administration of drug, T3: before local anesthetic, T4:
before skin incision, T5: at tracheal intubation, T6: 5minutes after tracheal
intubation, and T7: 10minutes after tracheal intubation.

∗
P< .05 vs Group S.
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respectively, P< .001, Fig. 3A). The time to first dose of rescue
propofol was significantly longer in group D2 than groups D1
and S (12.32±4.47 vs 13.56±5.36 vs 16.55±4.91minutes in
groups S, D1, and D2, respectively, P< .001, Table 2).
Compared with group D1, significantly fewer patients in

groups S and D2 required rescue fentanyl (27.27% vs 40.32% vs
22.06% in groups S, D1, and D2, respectively, P< .001, Fig. 3B).
Additionally, the total dose of rescue fentanyl in group D1 was
significantly higher than in groups S andD2 (1.5±0.4 vs 2.0±0.6
vs 1.2±0.2mg·kg–1 in groups S, D1, and D2, respectively,
P< .001, Fig. 3B). The time to first dose of rescue fentanyl was
significantly longer in group D2 than groups D1 and S (16.47±
3.74 vs 12.56±2.92 vs 15.74±3.65minutes in groups S, D1, and
D2, respectively, P< .001, Table 2).
The total number of patient movements during percutaneous

tracheostomy was higher in groups D1 and S compared to group
D2 (68.18% vs 72.58% vs 36.76% in groups S, D1, and D2,
respectively, P< .001; Table 2). The surgeon satisfaction score
was also significantly different among the three groups (P< .05,
Table 2).
Compared with the incidence of adverse events in the other 2

groups, patients in group D2 had a lower incidence of
tachycardia (27.27% vs 24.19% vs 13.24% in groups S, D1,
and D2, respectively, P= .038, Table 3), hypertension (22.73%
vs 22.58% vs 11.76% in groups S, D1, and D2, respectively,
P= .017, Table 3), and respiratory depression (7.58% vs 4.84%
vs 1.47% in groups S, D1, and D2, respectively, P= .013,
Table 3). The percentages of patients with bradycardia and
hypotension during surgery were comparable among the three
groups (P> .05, Table 3). There were also no significant
differences among the 3 groups with respect to both the incidence
of coughing and coughing grade (P> .05, Tables 3 and 4).
4. Discussion

Compared with sufentanil, DEX infusion at 1.0mg·kg–1 (rather
than 0.5mg·kg–1) for 10minutes, then adjusted to 0.2 to 0.7m
g·kg–1·hour–1, decreases the number of intraoperative patient
movements. This may be the primary reason for the better mean
surgeon satisfaction score in group D2. The hemodynamic
response during percutaneous tracheostomy was also better
controlled in group D2. Accordingly, patients in group D2 had
lower incidences of tachycardia and hypertension. The incidence
of respiratory depression was also different among the 3 groups,



Table 2

Comparison of intraoperative variables among the 3 groups.

Variable Group S (n=66) Group D1 (n=62) Group D2 (n=68) P values

Anesthesia onset time (min) 15.36±4.23 15.42±3.12 13.98±2.58
∗,† .023

Duration of anesthesia (min) 34.23±4.24 32.29±4.74 22.89±5.24
∗,† .001

Duration of surgery (min) 17.24±5.83 16.29±4.20 11.93±5.06
∗,† .001

Time to first dose of rescue propofol (min) 12.32±4.47 13.56±5.36 16.55±4.91
∗,† .001

Time to first dose of rescue fentanyl (min) 16.47±3.74 12.56±2.92
∗,‡ 15.74±3.65 .001

Total patient movements, n (%) 45 (68.18%) 45 (72.58%) 25 (36.76%)
∗,† .001

Surgeon satisfaction score 2.75 (2.25–3.75) 3.00 (2.25–4.00) 4.00 (2.75–5.00)
∗,† .022

Variables presented as mean±SD or number of patients n (%).
∗
P< .05 vs Group S.

† P< .05 vs Group D1.
‡ P< .05 vs Group D2.
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with a lower incidence in group D2, which may be due to the
lower doses of rescue propofol and fentanyl used in group D2.
The principle of TBI management is to ensure stable

hemodynamics, adequate oxygenation, and balanced electro-
lytes, and to prevent secondary brain injury, such as injuries
caused by intracranial hypertension, hyperglycemia, and cere-
bral hypoperfusion.[17] Although many therapeutic strategies,
such as sedatives, analgesics, beta-blocker and ACE-inhibitor
have been proposed, there remains a lack of robust evidence to
support a standardized approach to the diagnosis, prognostica-
tion, and treatment of TBI.[18] Therefore, more mechanistic
studies are warranted. Recently, the treatment strategy has been
Figure 3. (A) Percentage of patients requiring rescue propofol, and mean propo
fentanyl, and mean fentanyl dosage used during the study.

∗
P< .05 vs Group S,
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focused on using multitargeted pharmacological agents as early
intervention to reduce the cascade of secondary brain injury.[19]

Previous research has reported that prolonged ventilation
requirements make up to 80% of TBI patients prone to
pulmonary complications; chest physiotherapy and tracheal
suctioning are commonly performed procedures to prevent these
complications. Due to the increased risk of pulmonary
complications during prolonged ventilation in TBI patients,
tracheostomy is recommended in order to reduce the number of
mechanical ventilation days and the incidence of ventilator-
associated pneumonia, when the benefits outweigh the risk of
complications from tracheostomy.[20] However, there is no
fol dosage used during the study. (B) Percentage of patients requiring rescue
^P< .05 vs Group D1, &P<0.05 vs Group D2.

http://www.md-journal.com


Table 3

Adverse events of 3 groups during surgery.

Variable Group S (n=66) Group D1 (n=62) Group D2 (n=68) P values

Hypertension 15 (22.73%) 14 (22.58%) 8 (11.76%)
∗,† .173

Tachycardia 18 (27.27%) 15 (24.19%) 9 (13.24%)
∗,† .117

Hypotension 7 (10.61%) 8 (12.90%) 11 (16.18%) .651
Bradycardia 6 (9.09%) 7 (11.29%) 9 (13.24%) .782
Coughing 51 (77.27%) 45 (72.58%) 43 (63.24%) .189
Respiratory depression 5 (7.58%) 3 (4.84%) 1 (1.47%)

∗,† .220

Variables presented as number of patients n (%).
∗
P< .05 vs Group S.

† P< .05 vs Group D1.
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evidence to confirm that early tracheostomy reduces the
mortality rate among TBI patients.
Previous research showed that tracheal intubation leads to an

average increase in blood pressure by 40% to 50% and an
average increase in HR of 20%, which is mainly due to the
excitation of the sympathetic nervous system caused by
stimulation of the upper respiratory tract.[21] Post-stress
sympathetic activity is one of the body’s important protective
responses. However, sympathetic overactivity, such as PSH, can
increase secondary brain injury, which seriously affects progno-
sis. It has been reported that 7.7% to 33% of TBI patients in
NICUs experience PSH even without percutaneous tracheosto-
my.[22] Baguley et al proposed a PSH diagnostic system, the PSH
AssessmentMeasure (PSH-AM), that enables doctors to diagnose
PSH more precisely; it assesses the probability of the PSH
diagnosis as “unlikely”, “possible”, or “probable”, and also
assesses the severity of the clinical features.[23] Currently, beta-
blockers, opioids, bromocriptine, and baclofen are the commonly
used drugs to successfully alleviate PSH episodes.[24] Previous
research on TBI patients treated with either DEX or propofol/
midazolam found no significant between-group differences
regarding the proportions of patients who met the “probable”
or “possible” criteria, but more patients met the “unlikely”
criteria in the DEX group compared to the propofol/midazolam
group.[25] There have been no studies comparing the effect of
DEX vs sufentanil on the alleviation of PSH episodes in TBI
patients.
Previous research among TBI patients confirmed that SBP

≥100mmHg for patients aged 50 to 69 years, or≥110mmHg for
patients aged 15 to 49 or ≥70 years, may be associated with
decreased mortality and improved outcomes.[26] As a result, we
defined hypertension (MAP >110 mmHg or SBP > 160 mmHg)
and hypotension (MAP < 70 mmHg or SBP < 110mg) in this
study. We only included TBI patients aged 40 to 65 years with
severe craniocerebral injury (GCS< 8) because previous research
showed that age and initial GCS are closely related to TBI-related
Table 4

Comparison of coughing grade among the 3 groups.

Variable Group S (n=66) Group D1 (n

Grade 1 15 (22.73%) 17 (27.42
Grade 2 28 (42.42%) 23 (37.10
Grade 3 10 (15.15%) 11 (17.74
Grade 4 5 (7.58%) 4 (6.45%
Grade 5 8 (12.12%) 7 (11.29

The variables are presented as number of patients, n (%).

6

hospitalization and death.[26] We did not use steroids in this trial
because a previous study reported that methylprednisolone was
associated with increased mortality, and it is contraindicated for
animals with severe TBI.[27]

Sedative agents and opioids are commonly used for the
management of critically ill patients with TBI in NICUs.
Additionally, benzodiazepines have been the first-line treatment
for agitation among TBI patients for many years because of their
efficacy in decreasing the incidence of seizures. However, these
drugs,which act on the gamma-aminobutyric acid (GABA) system,
can significantly suppress respiratory function and eventually
cause hypercarbia, hypoxemia, and hypotension.[28,29]

DEX exerts neuroprotective effects by activating a2A
receptors, while its activation of a2B receptors constricts cerebral
vessels and decreases cerebral blood flow (CBF). As a result, the
potential benefits of DEX for TBI patients need to be weighed
against the potential adverse effects on both systemic hemody-
namics and CBF.[30] A previous study reported that, when blood
pressure of TBI patients was maintained at the pre-sedation level,
there were no significant changes in CBF, cerebral metabolic rate
equivalent (CMRe), or the CMRe/CBF ratio induced by DEX
(before vs after DEX).[31] The authors also found that the
percentage of CBF reduction was greater in patients without TBI
than in the TBI patients.[31] The neuroprotective effect of DEX
may involve many aspects, such as the suppression of circulating
catecholamine concentrations, promotion of oxidative metabo-
lism in astrocytes, reduction of available glutamine, and
modulation of the balance between pro- and anti-apoptotic
proteins.
However, one of the biggest problems of DEX is its cost.[32,33]

A previous study reported that the average cost of DEX was
$32.49, while the average cost of 1% lidocaine with epinephrine
during awake tracheotomy was only $2.00. However, the latter
cases required 2.4 times the dose of narcotics compared to the
former cases during surgery. Additionally, compared with the
overall cost of a tracheotomy procedure ($1997–2072), only
=62) Group D2 (n=68) P values

%) 25 (36.76%) .189
%) 24 (35.29%) .690
%) 10 (14.71%) .911
) 6 (8.82%) .944
%) 3 (4.41%) .212
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1.6% and 0.10% of the total cost are accounted for by
medication.[34]

Both thiopental and barbiturate have been found to have
beneficial effects on CBF and the cerebral metabolic rate of oxygen
(CMRO2). However, it is noteworthy that the 2 drugs can cause
hypotension which can decrease the cerebral perfusion pres-
sure.[35] Propofol, which inhibits the N-methyl-D-aspartate
subtype of glutamate receptors and has agonistic activity at GABA
receptors, has been used in TBI patients because it has been
demonstrated to reduceCBF,CMRO2, and intracranial pressure in
many studies.However, it has failed to show improvement in the 6-
month mortality rate among TBI patients.[36] Caution is also
required as high-dose propofol can lead to many complications
such as respiratory depression, propofol-related infusion syn-
drome, infection, and increased serum amylase and lipase
concentrations.[37] Although there are no strong and definitive
recommendations for the use of lidocaine, previous research
showed that intravenous lidocaine blunted the cough reflexbothby
blocking fast voltage-gatedNa+ channels via neuronal blockade of
vagal reflex pathways and by a direct effect on the smooth muscle
cells of the respiratory pathway.[38]

The ideal anesthesia state during percutaneous tracheostomy is
effective sedation without hypoxemia or movement. The
elimination half-time of sufentanil, DEX, and propofol are 13,
2 to 3, and 0.8hours, respectively. DEX can potentiate the effects
of anesthetic agents, which may explain the exaggerated
respiratory depression when it is combined with propofol,
midazolam, or opioids. The most common adverse reactions to
DEX are hypotension (30%) and bradycardia (9%).[11] Howev-
er, we did not observe any significant differences among the 3
groups during surgery with respect to bradycardia or hypoten-
sion. One case report found that DEX in conjunction with
narcotics provided adequate sedation to complete percutaneous
tracheotomy without inhibiting the patient’s protective airway
reflexes or respiratory drive.[39] A previous study reported that
there were no irregular or apneic periods in respiratory function
at an infusion rate of up to 1.5mg·kg–1·hour–1 DEX.[40] However,
to minimize the adverse effects in the current study, both the
bolus and continuous infusion doses of DEX were still within the
manufacturer’s recommended doses. Besides DEX, other agents
have been previously used for procedural sedation during
percutaneous tracheostomy, such as benzodiazepines and
propofol, which can induce significant respiratory depression
and loss of protective airway reflexes.[6,9] Additionally, a
previous study reported that DEX may be used as an adjunctive
treatment for refractory intracranial hypertension in NICUs
without compromising hemodynamics, which may also apply
during percutaneous tracheotomy.[41] Though previous study has
reported the efficacy of dexmedetomidine-remifentanil in
children undergoing flexible bronchoscopy, we compared
sufentanil vs dexmedetomidine in this study for the patients of
different ages.[42] Sufentanil has also considerable side effects,
including nausea, vomiting, urinary retention, and respiratory
depression.[43] In order to reduce the consumption of sufentanil,
incision sites were injected with 1% lidocaine with epinephrine at
a ratio of 1:100,000 in our study. As a result, compared with
previous study, the incidence of respiratory depression (7.58% vs
4.84% vs 1.47% in groups S, D1, and D2, respectively, P= .013,
Table 3) was reduced in our study.[44]

Although therapeutic hypothermia (TH) and targeted temper-
ature management (TTM) have been successfully used in a
number of individual institutions to treat TBI, subarachnoid
7

hemorrhage and spinal cord injury, larger multicenter random-
ized trials have failed to demonstrate the benefits of TH and TTM
compared to normothermia. There are likely many underlying
reasons, among which the level of hypothermia, cooling
duration, rewarming rate, and patient gender are considered
to be the critical factors.[45] Additionally, hypothermia is
associated with many adverse events, such as coagulopathy,
immunosuppression, and cardiac dysrhythmia.[46] Furthermore,
posttraumatic hyperthermia should be avoided to reduce
vascular permeability, edema formation, and inflammatory cell
infiltration into the injured brain regions, which all occur to
greater degrees during hyperthermia compared with normother-
mia.[47] As a result, we used a forced-air warming device to
maintain normothermia during surgery.
There are several limitations in this study. First, this study is a

prospective, single-center, relatively small controlled trial, and a
multicenter prospective controlled trial is necessary to verify the
results. Second, TH or TTM combined with neuroprotective
drugsmay have additive or synergistic effects for TBI patients and
the optimal titration of DEX is also unknown and is worthy of
further study. Third, we did not record the blood gas analysis,
PaO2, PaCO2, pH and continuous CO2 concentration prior to
and during sedation for the economic reasons. Finally, we did not
objectively assess the degree of TBI based on circulating
biomarkers (due to the lack of specific circulating biomarkers)
or via noninvasive/invasive strategies (such as, monitoring the
partial pressure of brain tissue oxygen [PbtO2] or brain tissue
microdialysis).[48]

In brief, this trial demonstrated that DEX can be safely and
effectively used in TBI patients during percutaneous tracheosto-
my. It decreased the number of intraoperative patient move-
ments, rescue doses of propofol and fentanyl, and incidences of
tachycardia, hypertension, and respiratory depression. However,
larger, multicenter, randomized controlled trials are needed to
verify the role of DEX in the management of TBI patients.
Author contributions

Conceptualization: Guangjun Xu, Chunguang Ren, Zongwang
Zhang.
Data curation: Limin Wei, Guangjun Xu.
Formal analysis: Jian Gao.
Investigation: Yanchao Liu.
Methodology: Yanchao Liu.
Project administration: Jian Gao.
Resources: Limin Wei.
Software: Chunguang Ren.
Visualization: Chunguang Ren.
Writing – original draft: Limin Wei, Chunguang Ren, Yanchao

Liu.
Writing – review & editing: Chunguang Ren, Zongwang Zhang,

Yanchao Liu.

References

[1] Greene NH, Kernic MA, Vavilala MS, et al. Variation in pediatric
traumatic brain injury outcomes in the United States. Arch Phys Med
Rehabil 2014;95:1148–55.

[2] Greene NH, Kernic MA, Vavilala MS, et al. Variation in adult traumatic
brain injury outcomes in the United States. J Head Trauma Rehabil
2018;33:E1–8.

[3] De Guzman E, Ament A. Neurobehavioral management of traumatic
brain injury in the critical care setting: an update. Crit Care Clin
2017;33:423–40.

http://www.md-journal.com


Gao et al. Medicine (2019) 98:35 Medicine
[4] Van Horn JD, Bhattrai A, Irimia A. Multimodal imaging of neuro-
metabolic pathology due to traumatic brain injury. Trends Neurosci
2017;40:39–59.

[5] Graves JM, KannanN,Mink RB, et al. Pediatric guideline adherence and
outcomes study. Guideline adherence and hospital costs in pediatric
severe traumatic brain injury. Pediatr Crit Care Med 2016;17:438–43.

[6] Büki A, Barzó P, Demeter B, et al. Guidelines for the treatment of
traumatic brain injury – 2017. Ideggyogy Sz 2017;70:223–45.

[7] Kleffmann J, Pahl R, Deinsberger W, et al. Effect of percutaneous
tracheostomy on intracerebral pressure and perfusion pressure in
patients with acute cerebral dysfunction (TIP Trial): an observational
study. Neurocrit Care 2012;17:85–9.

[8] Khan AA, KumarN, Singh Y, et al. To compare the effect of two different
doses of dexmedetomidine on the attenuation of airway and pressor
response during tracheostomy tube change in traumatic brain injury
patients. Anesth Essays Res 2017;11:964–8.

[9] Rana S, Pendem S, Pogodzinski MS, et al. Tracheostomy in critically ill
patients. Mayo Clin Proc 2005;80:1632–8.

[10] Freeman BD. Tracheostomy update: when and how. Crit Care Clin
2017;33:311–22.

[11] Su X, Meng ZT, Wu XH, et al. Dexmedetomidine for prevention of
delirium in elderly patients after non-cardiac surgery: a randomised,
double-blind, placebo-controlled trial. Lancet 2016;388:1893–902.

[12] Kakkar A, Tyagi A, Nabi N, et al. Comparison of clonidine and
dexmedetomidine for attenuation of laryngoscopy and intubation
response – a randomized controlled trial. J Clin Anesth 2016;33:283–8.

[13] Isley MR, Edmonds HLJr, Stecker M. American Society of Neurophysi-
ologicalMonitoringGuidelines for intraoperative neuromonitoring using
raw (analog or digital waveforms) and quantitative electroencephalogra-
phy: a position statement by the American Society of Neurophysiological
Monitoring. J Clin Monit Comput 2009;23:369–90.

[14] James ML, Olson DM, Graffagnino C. A pilot study of cerebral and
haemodynamic physiological changes during sedation with dexmedeto-
midine or propofol in patients with acute brain injury. Anaesth Intensive
Care 2012;40:949–57.

[15] Schultz MJ, Veelo DP, Dongelmans DA. Percutaneous tracheostomies
are preferable to surgical tracheostomies. Crit CareMed 2007;35:676–7.

[16] WangW, Feng L, Bai F, et al. The safety and efficacy of dexmedetomidine
vs. sufentanil in monitored anesthesia care during burr-hole surgery for
chronic subdural hematoma: a retrospective clinical trial. Front
Pharmacol 2016;7:410.

[17] von Wild KR, Wenzlaff P. TBI Study CouncilQuality management in
traumatic brain injury (TBI) lessons from the prospective study in 6.800
patients after acute TBI in respect of neurorehabilitation. Acta Neurochir
Suppl 2005;93:15–25.

[18] Sommer JL, Witkiewicz PM. The therapeutic challenges of dual
diagnosis: TBI/SCI. Brain Inj 2004;18:1297–308.

[19] Dash PK, Zhao J, Kobori N, et al. Activation of alpha 7 cholinergic
nicotinic receptors reduce blood-brain barrier permeability following
experimental traumatic brain injury. J Neurosci 2016;36:2809–18.

[20] Hall AM, Watt JW. The use of tracheal stoma stents in high spinal cord
injury: a patient-friendly alternative to long-term tracheostomy tubes.
Spinal Cord 2008;46:753–5.

[21] Cho JS, Kim SH, Shin S, et al. Effects of dexmedetomidine on changes in
heart rate variability and hemodynamics during tracheal intubation. Am
J Ther 2016;23:e369–376.

[22] Alofisan TO, Algarni YA, Alharfi IM, et al. Paroxysmal sympathetic
hyperactivity after severe traumatic brain injury in children: prevalence,
risk factors, and outcome. Pediatr Crit Care Med 2019;20:252–8.

[23] Baguley IJ, Perkes IE, Fernandez-Ortega JF, et al. Consensus Working
GroupParoxysmal sympathetic hyperactivity after acquired brain injury:
consensus on conceptual definition, nomenclature, and diagnostic
criteria. J Neurotrauma 2014;31:1515–20.

[24] Fernandez-Ortega JF, Garcia-Martinez MV, Furones-Lorente MJ, et al.
Paroxysmal sympathetic hyperactivity: a new era for diagnosis and
treatment. J Head Trauma Rehabil 2015;30:364–5.

[25] TangQ,WuX,WengW, et al. The preventive effect of dexmedetomidine
on paroxysmal sympathetic hyperactivity in severe traumatic brain
injury patients who have undergone surgery: a retrospective study. Peer J
2017;5:e2986.
8

[26] Farrell D, Bendo AA. Perioperative management of severe traumatic
brain injury: what is new? Curr Anesthesiol Rep 2018;8:279–89.

[27] Chen X, Zhang B, Chai Y, et al. Methylprednisolone exacerbates acute
critical illness-related corticosteroid insufficiency associated with
traumatic brain injury in rats. Brain Res 2011;1382:298–307.

[28] Larson EB, Zollman FS. The effect of sleep medications on cognitive
recovery from traumatic brain injury. J Head Trauma Rehabil
2010;25:61–7.

[29] Bang SA, Song YS, Moon BS, et al. Neuropsychological, metabolic, and
GABAA receptor studies in subjects with repetitive traumatic brain
injury. J Neurotrauma 2016;33:1005–14.

[30] Prielipp RC, Wall MH, Tobin JR, et al. Dexmedetomidine-induced
sedation in volunteers decreases regional and global cerebral blood flow.
Anesth Analg 2002;95:1052–9.

[31] Wang X, Ji J, Fen L, et al. Effects of dexmedetomidine on cerebral blood
flow in critically ill patients with or without traumatic brain injury: a
prospective controlled trial. Brain Inj 2013;27:1617–22.

[32] Sifringer M, von Haefen C, Krain M, et al. Neuroprotective effect of
dexmedetomidine on hyperoxia-induced toxicity in the neonatal rat
brain. Oxid Med Cell Longev 2015;2015:530371.

[33] Wang SL, Duan L, Xia B, et al. Dexmedetomidine preconditioning plays
a neuroprotective role and suppresses TLR4/NF-kB pathways model of
cerebral ischemia reperfusion. Biomed Pharmacother 2017;93:1337–42.

[34] Levin R, Trivikram L. Cost/benefit analysis of open tracheotomy, in the
OR and at the bedside, with percutaneous tracheotomy. Laryngoscope
2001;111:1169–73.

[35] Roberts I, Sydenham E. Barbiturates for acute traumatic brain injury.
Cochrane Database Syst Rev 2012;12:CD000033.

[36] Gu JW, Yang T, Kuang YQ, et al. Comparison of the safety and efficacy
of propofol with midazolam for sedation of patients with severe
traumatic brain injury: a meta-analysis. J Crit Care 2014;29:287–90.

[37] Vollmer JP, Haen S, Wolburg H, et al. Propofol related infusion
syndrome: ultrastructural evidence for a mitochondrial disorder. Crit
Care Med 2018;46:e91–94.

[38] D’Aragon F, Beaudet N, Gagnon V, et al. The effects of lidocaine spray
and intracuff alkalinized lidocaine on the occurrence of cough at
extubation: a double-blind randomized controlled trial. Can J Anaesth
2013;60:370–6.

[39] Tang JF, Chen PL, Tang EJ, et al. Dexmedetomidine controls agitation
and facilitates reliable, serial neurological examinations in a non-
intubated patient with traumatic brain injury. Neurocrit Care
2011;15:175–81.

[40] Devlin JW, Al-Qadheeb NS, Chi A, et al. Efficacy and safety of early
dexmedetomidine during noninvasive ventilation for patients with acute
respiratory failure: a randomized, double-blind, placebo-controlled pilot
study. Chest 2014;145:1204–12.

[41] Schomer KJ, Sebat CM, Adams JY, et al. Dexmedetomidine for refractory
intracranial hypertension. J Intensive Care Med 2019;34:62–6.

[42] Zhang H, Fang B, Zhou W. The efficacy of dexmedetomidine-
remifentanil versus dexmedetomidine-propofol in childrenundergoing
flexible bronchoscopy: a retrospective trial. Medicine (Baltimore)
2017;96:e5815.

[43] Kim SY, Cho JE, Hong JY, et al. Comparison of intrathecal fentanyl and
sufentanil in low-dose dilute bupivacaine spinal anaesthesia for
transurethral prostatectomy. Br J Anaesth 2009;103:750–4.

[44] Yaghoobi S, Kayalha H, Ghafouri R, et al. Comparison of complications
in percutaneous dilatational tracheostomy versus surgicaltracheostomy.
Glob J Health Sci 2014;6:221–5.

[45] Dietrich WD, Bramlett HM. Therapeutic hypothermia and targeted
temperature management in traumatic brain injury: clinical challenges
for successful translation. Brain Res 2016;1640(Pt A):94–103.

[46] MacLaren R, Gallagher J, Shin J, et al. Assessment of adverse events and
predictors of neurological recovery after therapeutic hypothermia. Ann
Pharmacother 2014;48:17–25.

[47] Gaither JB, Galson S, Curry M, et al. Environmental hyperthermia in
prehospital patients with major traumatic brain injury. J Emerg Med
2015;49:375–81.

[48] Young AMH, Guilfoyle MR, Donnelly J, et al. Multimodality neuro-
monitoring in severe pediatric traumatic brain injury. Pediatr Res
2018;83:41–9.


	Effects of dexmedetomidine vs sufentanil during percutaneous tracheostomy for traumatic brain injury patients
	Outline placeholder
	1 Introduction
	2 Materials and methods
	2.4 Outcome variables

	3 Results
	3.2 Intraoperative variables

	4 Discussion
	Author contributions

	References


