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Chapter 5

Abstract

Background: Analgo-sedation plays an important role during intensive care
management of traumatic brain injury (TBI) patients, however limited evidence is
available to guide practice. We sought to quantify practice-pattern variation in
neurotrauma sedation management, surveying an international sample of

providers.

Methods: An electronic survey consisting of 56 questions was distributed
internationally to neurocritical care providers utilizing the Research Electronic Data
Capture platform. Descriptive statistics were used to quantitatively describe and

summarize the responses.

Results: 95 providers from 37 countries responded. 56.8% were attending
physicians with primary medical training most commonly in intensive care medicine
(68.4%) and anesthesiology (26.3%). Institutional sedation guidelines for TBI
patients were available in 43.2%. Most common sedative agents for induction and
maintenance, respectively, were propofol (87.5% and 88.4%), opioids (60.2% and
70.5%) and benzodiazepines (53.4% and 68.4%). Induction and maintenance
sedatives, respectively, are mostly chosen according to provider preference (68.2%
and 58.9%) rather than institutional guidelines (26.1% and 35.8%). Sedation
duration for patients with intracranial hypertension ranged from 24 hours to 14 days.
Neurological wake-up tests (NWT) were routinely performed in 70.5%. Most
common NWT frequency was every 24h (47.8%), although 20.8% performed NWT
at least every 2h. Richmond Agitation and Sedation Scale (RASS) targets varied from
deep sedation (34.7%) to alert and calm (17.9%).

Conclusion: Among critically ill TBI patients, sedation management follows provider
preference rather than institutional sedation guidelines. Wide practice-pattern
variation exists for type, duration, and target of sedative management and NWT
performance. Future comparative effectiveness research investigating these

differences may help optimize sedation strategies to promote recovery.
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Practice-pattern variation in sedation of neurotrauma patients in the ICU

Introduction

For the 10-15% of patients with traumatic brain injury (TBI) who require intensive
care unit (ICU) management,’ sedatives and analgesics play an important role.?*
First, sedation/analgesia is used for control of pain, anxiety, agitation and to enable
mechanical ventilation. Second, sedation/analgesia has cerebral protective effects
including: 1) reduction of the cerebral metabolic rate for oxygen (CMRO,) to
improve the cerebral tolerance to ischemia and reducing the mismatch between
cerebral oxygen demand and supply in conditions of impaired autoregulation. 2)
Decreasing the cerebral blood flow (CBF) in a dose-dependent fashion, leading to
a parallel decrease in cerebral blood volume. 3) Consequently, this decrease in
cerebral blood volume will produce a reduction of intracranial volume and,
therefore, lower intracranial pressure (ICP). 4) Lastly, sedation/analgesia are
important for seizure control.?® In addition, there are also secondary cerebral
protective effects of sedation/analgesia such as reducing pain and agitation and
improving the tolerance of the endotracheal tube to prevent increases in arterial

hypertension and associated elevation in ICP.*>

Given the multiple indications for analgesia and sedation, as well as the limited
evidence and guidelines for their use in critically ill TBI patients,?*¢ we hypothesized
that significant practice-pattern variation may exist across patients and institutions
with a magnitude that may have plausible influences on delirium, mortality, and
neurological recovery.®” As such, we sought to survey providers to quantify
practice-pattern variation in analgosedative management of TBI patients requiring

ICU management.

Methods

Study design and survey development and distribution

In this survey study, study data were anonymously collected and managed using
Research Electronic Data Capture (REDCap) hosted at Massachusetts General
Hospital. REDCap is a secure, web-based software platform designed to support
data capture for research studies, providing 1) an intuitive interface for validated
data capture; 2) audit trails for tracking data manipulation and export procedures;
3) automated export procedures for seamless data downloads to common statistical
packages; and 4) procedures for data integration and interoperability with external
sources.?? The authors developed the survey based on the current literature and in

consultation with several independent anesthesiologists and neurocritical care
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physicians. The survey consisted of 56 questions about sedation practice in adult
neurotrauma patients in the intensive care unit divided into questions about
sedation practice, sedation duration, side effects and general questions about years
of practice etc. Most questions were multiple choice with the option to specify
certain answers. The first two questions of the survey were used to identify
neurocritical care workers that participate in the care of TBI patients as well as their
sedation management. If participants answered “no” to these questions, the survey
was ended automatically to prevent non-neurocritical healthcare workers from
completing the survey. The complete survey can be found in the Supplementary
Material. Induction sedative agents were defined as “medication used to safely
facilitate endotracheal intubation in a manner that minimizes hemodynamic
instability and secondary brain injury”. Maintenance sedative agents were defined
as “medication as part of the overall management of TBI to permit mechanical
ventilation and optimization of intracranial physiology”. Increased intracranial
pressure was defined as ICP of >20mmHg.

The electronic survey was distributed among intensivists, neurosurgeons,
neurologists, anesthesiologists as well as ICU physician assistants worldwide via
email and Twitter. Participants were emailed directly by the researchers or indirectly
through snowballing. Reminder emails to participants were sent twice during the
study period. The survey was open from August 3rd 2022 until December 5th 2022.
This study was done under an institutional review board (IRB) approved protocol.
Informed consent was obtained from all individual participants included in the

study.

Data collection and analysis

Descriptive statistics were used to quantitatively describe and summarize the data.
Additional stratification was performed for sedation duration in patients with
elevated ICP. Two-tailed testing was performed for evaluating each survey
question; a p-value of <0.05 was considered significant. Statistical analysis was

done using R Studio.

Results

Respondents’ demographics

A total of 95 respondents from 37 countries completed the survey (Figure 1); 56.8%
were attending physicians and 22.1% were critical care physician assistants or

advanced practice providers (Table 1). Respondents trained in multiple intensive
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care domains: intensive care medicine (68.4%), anesthesiology (26.3%), neurology
(15. 8%) and neurosurgery (13.7%). The median years of experience practicing in
the ICU was 12 years (IQR 5.5-20.0). 78.9% of respondents were employed at
university hospitals/academic centers, 12.6% at academic affiliated or non-
academic teaching hospitals, 5.3% at community hospitals and 3.2% in private
practices. 31.6% of respondents work in dedicated neuro-intensive care units, while
28.4% work primarily in a mixed ICU with predominantly neuro-ICU services,
surgical-ICU services (13.7%) or medical-ICU services (12.6%). The remaining
respondents worked as a consultant in multiple ICU’s (5.3%), in a surgical ICU
(5.3%), in a medical ICU (2.1%) or other (1.1%).

Figure 1: Number of respondents per country.
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Table 1: Respondents demographics.

Number of respondents 95

Institution (n, %)

University Hospital/Academic Medical Center 75 (78.9)
Subacademic/nonacademic teaching hospital 12 (12.6)
Community Hospital 5(5.3)
Private Practice 3(3.2)
Role (n, %)
Attending physician 54 (56.8)
Critical care physician assistant 21 (22.1)
Fellow 7(7.4)
Resident 6 (6.3)
Critical care nurse practitioner 3(3.2)
Other 4 (4.2)
Years of experience (median [IQR]) 12.0[5.5, 20.0]
Medical training (n, %)
Intensive Care Medicine 65 (68.4)
Anesthesiology 25 (26.3)
Neurology 15 (15.8)
Neurosurgery 13(13.7)
Emergency Medicine 3(3.2)
Other 4(4.2)
ICU type (n, %)
Neuro ICU 30 (31.6)
Mixed ICU, predominantly neuro 27 (28.4)
Mixed ICU, predominantly surgical 13 (13.7)
Mixed ICU, predominantly medical 12 (12.6)
Surgical ICU 5(5.3)
Medical ICU 2(2.1)
Consultant to multiple ICUs 5(5.3)
Other 1(1.1)

ICU: intensive care unit; IQR: interquartile range.

Sedation medication

Institutional guidelines on sedation practice for neurotrauma patients were
available in 43.2% of respondents’ institutions (Table 2). The most common sedative
agents for induction were propofol (87.5%), opioids (60.2%), benzodiazepines
(53.4%), ketamine (35.2%) and etomidate (28.4%) followed by dexmedetomidine
(12.5%), barbiturates (9,1%), antipsychotics (1.1%), clonidine (1.1%) or other (1.1%)
(Figure 2a). A uniform dose regimen for induction sedative agents in neurotrauma

patients was available in 55.7%. The most common reason for using these specific
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sedative agents for induction were physician preference (68.2%), institutional

guidelines (26.1%) or other (5.7%) (Figure 3a).

Table 2: Sedation medication.

Presence of institutional guidelines on sedation (n, %)
Type of induction medication (n, %)

Propofol

Opioids

Benzodiazepines

Ketamine

Etomidate

Dexmedetomidine

Barbiturates

Antipsychotics

Clonidine

Other

Not applicable / Not involved during induction phase
Reason for induction medication (n, %)

Physician preference

Institutional guidelines

Other
Uniform dose regimen for induction medication (n, %)
Type of maintenance medication (n, %)

Propofol

Opioids

Benzodiazepines

Dexmedetomidine

Ketamine

Barbiturates

Clonidine

Antipsychotics

Etomidate

Other
Reason for maintenance medication (n, %)

Physicians preference

Institutional guidelines

Other
Uniform dose regimen for maintenance medication (n, %)
Routine use of muscle relaxants (n, %)
Type of muscle relaxants (n, %)

Rocuronium

Succinylcholine

Other

41 (43.2)

77 (87.5
53 (60.2
47 (53.4
31(35.2
25(28.4
11(12.5

8(9.1)

)
)
)
)
)
)

60 (68.2)
23 (26.1)
5(5.7)
49 (55.7)

84 (88.4
67 (70.5
65 (68.4
41 (43.2
14 (14.7
14 (14.7
7(7.4)

4(4.2)

0(0.0)

0(0.0)

)
)
)
)
)
)

3(60.0)
1(20.0)
1(20.0)
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Routine change of sedation medication after 24-48 hours (n, %) 30(31.6)

Sedative agents used after the first 24-48 hours (n, %)
Benzodiazepines 17 (56.7)
Opioids 17 (56.7)
Dexmedetomidine 16 (53.3)
Propofol 11(36.7)
Ketamine 5(16.7)
Barbiturates 4(13.3)
Antipsychotics 2(6.7)
Clonidine 13.3)
Etomidate 0(0.0)
Other 1(3.3)

(a) Sesatve (&) Sedatvo

Figure 2: Sedative agents used for (a) induction and (b) maintenance sedation.

The most common sedative agents used for maintenance were propofol (88.4%),
opioids (70.5%), benzodiazepines (68.4%) and dexmedetomidine (43.2%) followed
by ketamine (14.7%), barbiturates (14.7%), clonidine (7.4) and antipsychotics (4.2%)
(Figure 2b). A uniform dose regimen for maintenance sedative agents in
neurotrauma patients was available in 30.5%. The majority of respondents chooses
maintenance sedative agents based on physicians’ preference (58.9%) rather than
institutional guidelines (35.8%) (Figure 3b).
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Figure 3: Reason for choice of induction medication (a) and maintenance medication (b).

Muscle relaxants were routinely used in TBI patients in the ICU (5.3%); rocuronium

(60%) was the most used muscle relaxant followed by succinylcholine (20.%).

31.6% of respondents routinely seek to change sedatives after the initial 24-48
hours of ICU admission. The most commonly used sedatives after the initial 24-48
hours are benzodiazepines (56.7%) and opioids (56.7%), dexmedetomidine (53.3%),
propofol (36.7%), ketamine (16.7%) and barbiturates (13.3%) followed by
antipsychotics (6.7%), clonidine (3.3%) or other (3.3%).

Sedation duration

All respondents (100%) designated that sedation duration in TBI patients is
dependent on clinical condition and that there is no fixed duration of sedation
(Table 3). The clinical aspects that are evaluated in the duration of sedation are
abnormal ICP or multimodality monitoring (94.7%), status epilepticus (65.3%) or
refractory seizures (61.1%), Richmond Agitation and Sedation Scale (RASS) score
(54.7%), presence of paroxysmal sympathetic hyperactivity (36.8%) or other (7.4%).
Sedation duration in patients with increased ICP (>20mmHg) varied between 24
hours and 14 days. For the purpose of this survey, sedation duration was queried in
six levels of duration. The sedation duration in TBI patients with status epilepticus,
refractory seizures or paroxysmal sympathetic hyperactivity varied between 24

hours and more than 7 days.
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Table 3: Sedation duration.

Sedation duration is based on (n, %)
Clinical condition
Fixed duration
Clinical conditions relevant for sedation duration (n, %)
Abnormal ICP or multimodality monitoring
Status epilepticus
Refractory seizures
RASS level
Paroxysmal sympathetic hyperactivity
Other
Sedation duration in patients with high ICP (n, %)
0-24 hours
24-48 hours
48-96 hours
4-7 days
>7 days
Until ICP control or definite surgery
Performance of neurological wake-up test (n, %)

Frequency of neurological wake-up test per hour (n, %)

48
Time from sedation stop to neurological exam in minutes (mean (SD))
Reasons for no sedation interruption (n, %)

High ICP

Status epilepticus

Refractory seizures

Herniation

Mass lesion

Hypoxia

Other

95 (100)
0(0.0)

90 94.7)
62 65.3)
58 (61.1)
52 (54.7)
35 (36.8)
7(7.4)
10(11.0%
17 (18.7%
17 (18.7%
28 (30.8%
4 (4.4)
15 (16.5%)
67 (70.5)

)
)
)
)

45.2 (38.9)

28 (100)
20(71.4)
18 (64.3)
16 (57.1)
14 (50.0)
13 (46.4)
0(0.0)

ICP: intracranial pressure; RASS: Richmond Agitation and Sedation Scale; SD: standard deviation.
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Neurological wake-up tests (NWTs) to perform a neurologic exam off sedation is
done in 70.5%. Most often, this neurological wake-up test is performed once a day
(47.8%) or every one (10.4%) or two (10.4%) hours. On average respondents wait
45.21 (£38.90) minutes to perform a neurological exam off sedation. The reason not
to do a neurological wake-up test for a neurologic exam is high ICP (100%), status
epilepticus (71.4%), seizures (64.3%), herniation (57.1%), mass lesion (50.0%) or
hypoxia (46.4%).

Other

Initial pharmacotherapy used for elevated ICP is most commonly a combination of
osmotherapy and sedatives (66.3%) followed by sedatives only (24.2%) (Table 4).
The most common sedative agents used for elevated ICP are propofol (61.6%) and
benzodiazepines (24.4%). The most common osmotherapy used for elevated ICP is
hypertonic saline (73.6%). The RASS levels targets for critically ill neurotrauma
patients varied between deep sedation (level -4; 34.7%) and moderate sedation
(level -3; 20.0%) to alert and calm (level 0; 17.9%) or unarousable (level -5; 12.6%)
(Figure 4).

Urar st 4 Deep sedenon 3 Moderate sedaion -2 Light seduton 0 Nent and Cabm ot Restess *2 AQtated
RASS v

Figure 4: RASS level aimed for in TBI patients in the ICU.

45.3% of respondents indicated a preference to perform early tracheostomy to
minimize sedation in neurotrauma patients. The most common treatment-related
side effects of sedation reported for TBI patients by respondents were
hemodynamic instability (58.4%), respiratory suppression (56.3%), delirium (51.7%),
adrenal suppression (20.8%) and propofol infusion syndrome (18.6%).
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Table 4: Other.
Initial pharmacotherapy for elevated ICP (n, %)

Osmotherapy and sedation 63 (66.3)

Sedation 23(24.2)

Osmotherapy 9 (9.5)
Osmotherapy for elevated ICP (n, %)

Hypertonic saline 53 (73.6)

Mannitol 19 (26.4)
Sedative agents for elevated ICP (n, %)

Propofol 53 (61.6)

Benzodiazepines 21 (24.4)

Barbiturates 6 (7.0
Opioids 4(4.7
1(1.2

Dexmedetomidine

)
)
)
)

Ketamine 101.2
RASS level (n, %)
+4 Combative 0(0.0)
+3 Very agitated 0(0.0)
+2 Agitated 2(2.1)
+1 Restless 1(1.1)
0 Alert and Calm 17 (17.9)
-1 Drowsy 2(2.1)
-2 Light sedation 9 (9.5)
-3 Moderate sedation 19 (20.0)
-4 Deep sedation 33(34.7)
-5 Unarousable 12 (12.6)
Early tracheostomy to minimize sedation (n, %) 43 (45.3)
Side effects (% and SD)
Respiratory suppression 56.3 (23.9)
Propofol infusion syndrome 18.6 (21.1)
Delirium 51.7 (20.5)
Adrenal suppression 20.8 (20.1)
Hemodynamic instability 58.4 (17.6)

ICP: intracranial pressure; RASS: Richmond Agitation and Sedation Scale; SD: standard deviation.

Discussion

In this international survey of sedation practices for critically ill TBI patients, practice-
pattern variations were evident for choice and duration of sedatives, performance
and frequency of neurological wake-up tests (NWTs), and target depth of sedation.
Institutional sedation guidelines were reported by less than half of respondents;

most often decisions regarding sedation were made based on physician preference.
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Choice of sedative agents

Reasons for this practice-pattern variation may relate to lack of definitive evidence
for an optimal strategy across the diverse range of TBI patients. Several studies have
investigated sedative agents in TBI patients in the ICU in relation to cerebral
physiology and patient outcome.?'®"® Nevertheless, there is limited evidence on
the best choice of sedative agents with each sedative agent having specific
advantages and disadvantages. Propofol was the most commonly used sedative
agent by respondents in this survey, and sedative agents are often compared with
propofol to assess their potential benefits.>'"2° While high dose propofol may result

in significant morbidity and disrupt cerebral autoregulation,®'¢?'

studies comparing
benzodiazepines and propofol have failed to demonstrate a difference in patient
outcome.>'217:20 Midazolam can be a risk factor for ICU delirium, which itself is
independently associated with poor outcomes.???* In addition, because of tissue
accumulation and residual sedation, it takes longer to perform a reliable NWT on
midazolam sedation.>* Opioids are often used in combination with hypnotic agents
to ensure analgesia and to reduce hypnotic dosage,'*** disadvantages of opioids
however include respiratory depression and withdrawal symptoms.?* In addition,
both opioids as well as dexmedetomidine can cause clinically significant
hypotension with reductions in mean arterial pressure (MAP) accompanied by acute
increases in ICP.'4242% Dexmedetomidine has gained interest for the potential
benefits of reducing delirium without respiratory depressant effects.?%
Additionally, ketamine can be used safely even in hemodynamically unstable TBI
patients and without increases in ICP, and therefore, like etomidate, is used
commonly as an induction agent.®'*3%3? Barbiturates have long played an important
role in sedation and managing alcohol withdrawal in TBI patients in the ICU.3%
However, more recent studies highlighting elevated mortality with early barbiturate
use® has shifted practice and recommendations such that barbiturates are currently
recommended for controlling elevated ICP refractory to maximum standard medical
and surgical treatment.® With both advantages and disadvantages of different
sedative agents, no single sedative agent to date has shown to be more efficacious
than the other leading to a wide variety in the use of sedative agents. However,

adequately powered high-quality studies are lacking.

Sedation duration and neurological wake-up tests
As shown in this study, the duration of sedation in TBI patients with increased ICP

varied extensively between 24 hours and 14 days. To date, it is not yet known what
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the most ideal sedation duration in this patient population is. Since sedative agents
have many cerebral protective effects, duration of sedation can play an important
role in the prevention of secondary brain injury. Neurological wake-up tests (NWTs)
are performed in 70.5% of patients but the frequency of these NWTs varied greatly
in this study, consistent with pilot studies extracting this data directly from the
electronic health record.?” While neurological wake-up tests in sedated ICU patients
are essential to perform a reliable neurologic exam,*® interruption of sedation may
induce increased cerebral metabolism and elevated blood pressure, both of which
may result in brief increases in ICP and changes in cerebral perfusion pressure
(CPP).* High-quality studies are needed to investigate the ideal sedation duration
in this patient population as well as the clinical benefits of neurological wake-up

tests.

Sedation depth

The Richmond Agitation Sedation Scale (RASS) can be used to assess sedation
depth in TBI patients and to guide sedation therapy, although it may also be
confounded in patients with motor injuries, critical illness myoneuropathy, or spinal
cord injury. This study found great variation in RASS level in TBI patients in the ICU,
highlighting that to date no studies have rigorously compared the ideal sedation
depth in TBI patients in the ICU. It is known however that, in the general ICU
population, moderate to deep sedation leads to prolonged mechanical ventilation
and longer hospital length of stay.?*' There is a need for further high-quality studies
to investigate the ideal depth of sedation in TBI patients in the ICU, not only to
encourage improved outcomes but also to prevent contamination of outcomes in
randomized controlled trials. For example, the BEST:TRIP study concluded that TBI
outcomes were not superior when care was based on ICP monitoring rather than
imaging and clinical examinations, however, the protocol resulted in 24% receiving
barbiturates in the ICP monitoring group and only 13% receiving barbiturates in the
clinical monitoring group.*? Additionally, patients may have differential responses
to the same sedation dose, and inadvertent burst-suppression documented on
electroencephalography (EEG) monitoring is common even in non-TBI ICU

patients*® and mediates both delirium and mortality.*4°

To summarize, this study identified extensive practice-pattern variation in sedation
management of neurotrauma patients in the ICU, whether due to a lack of evidence

and institutional guidelines or due to patient variability related to pathoanatomic
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subtypes such as paroxysmal sympathetic hyperactivity occurring after diffuse
axonal injury.* It is unknown however if these differences also lead to different
patient outcomes. The results of this study can be used for future comparative
effectiveness research to investigate these specific differences to help optimize
sedation strategies, develop institutional guidelines and to promote patient

outcomes.

Strengths and limitations

Acknowledging patient differences in response to sedation,* this paper represents
the first internationally focused study examining practitioner differences in sedation
strategies for critically ill TBI patients in the ICU. We acknowledge the limitations of
survey-based investigations. Representative information was unavailable for many
countries and the number of respondents per country was small. Additionally, this
study did not well represent respondents working in middle- and low-income
countries. Also, no detailed dosing approaches were surveyed. Lastly, because the
survey was distributed through email, Twitter, and snowballing, we were unable to

provide a response rate.

Conclusion

There is great variability in the choice of sedative agents, duration of sedation,
performance and frequency of neurological wake-up tests and depth of sedation in
TBI patients in the ICU, and institutional guidelines are uncommon. As a result,
sedation strategies are chosen based on patient variation and practitioner
preferences. Prospective comparative effectiveness studies investigating these
specific sedation management differences are needed to help optimize sedation

strategies, develop institutional guidelines and promote patient outcomes.

125



Chapter 5

References

1.

10.

11.

12.

126

Maas Al, Stocchetti N, Bullock R. Moderate and severe traumatic brain injury in
adults. Lancet Neurol. Aug 2008;7(8):728-41. doi:10.1016/s1474-4422(08)70164-9.
Vanaclocha N, Chisbert V, Quilis V, Bilotta F, Badenes R. Sedation During
Neurocritical Care. J Neuroanaesthesiol Crit Care 2019;6:56 -61.
2019,doi:10.1055/5-0039-1688897.

Prabhakar H, Tripathy S, Gupta N, Singhal V, Mahajan C, Kapoor |, Wanchoo J,
Kalaivani M. Consensus Statement on Analgo-sedation in Neurocritical Care and
Review of Literature. Indian J Crit Care Med. Feb 2021;25(2):126-133.
doi:10.5005/jp-journals-10071-23712.

Oddo M, Steiner LA. Sedation and analgesia in the neurocritical care unit. In: Oxford
Textbook of Neurocritical Care. Oxford University Press; 2016.

Oddo M, Crippa IA, Mehta S, Menon D, Payen J F, Taccone F S, Citerio, G.
Optimizing sedation in patients with acute brain injury. Crit Care. May 5
2016;20(1):128. doi:10.1186/s13054-016-1294-5.

Carney N, Totten AM, O'Reilly C Ullman JS, Hawryluk GWJ, Bell MJ, Bratton SL,
Chesnut R, Harris OA, Kissoon N, Rubiano AM, Shutter L, Tasker RC, Vavilala MS,
Wilberger J, Wright DW, Ghajar J. Guidelines for the Management of Severe
Traumatic Brain Injury, Fourth Edition. Neurosurgery 2017;80:6-15
doi:101227/NEU0O000000000001432. 2016.

Meyfroidt G, Smith M. Focus on delirium, sedation and neuro critical care 2019:
towards a more brain-friendly environment? Intensive Care Med. Sep
2019,45(9):1292-1294. doi:10.1007/s00134-019-05701-2.

Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O'Neal L, McLeod L, Delacqua
G, Delacqua F, Kirby J, Duda SN. The REDCap consortium: Building an international
community of software platform partners. J Biomed Inform. Jul 2019;95:103208.
doi:10.1016/}.jbi.2019.103208.

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic
data capture (REDCap)--a metadata-driven methodology and workflow process for
providing translational research informatics support. JBiomed Inform. Apr
2009;42(2):377-81. doi:10.1016/}.jbi.2008.08.010.

Humble SS, Wilson LD, Leath TC, Marshall MD, Sun DZ, Pandharipande PP, Patel
MB. ICU sedation with dexmedetomidine after severe traumatic brain injury. Brain
Inj. 2016;30(10):1266-70. doi:10.1080/02699052.2016.1187289.

Xia W, Yang C. Safety and Efficacy of Sufentanil and Fentanyl Analgesia in Patients
with Traumatic Brain Injury: A Retrospective Study. Med Sci Monit. May 13
2022;28:934611. doi:10.12659/msm.934611.

Roberts DJ, Hall RI, Kramer AH, Robertson HL, Gallagher CN, Zygun DA. Sedation

for critically ill adults with severe traumatic brain injury: a systematic review of



Practice-pattern variation in sedation of neurotrauma patients in the ICU

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

randomized controlled trials. Crit Care Med. Dec 2011,39(12):2743-51.
doi:10.1097/CCM.0b013e318228236f.

Roberts DJ, Haroon B, Hall RI. Sedation for critically ill or injured adults in the
intensive care unit: a shifting paradigm. Drugs. Oct 1 2012;72(14):1881-916.
doi:10.2165/11636220-000000000-00000.

Roberts |, Sydenham E. Barbiturates for acute traumatic brain injury. Cochrane
Database Syst Rev. Dec 12 2012;12(12):Cd000033.
doi:10.1002/14651858.CD0O00033.pub2.

Bourgoin A, Albanése J, Léone M, Sampol-Manos E, Viviand X, Martin C. Effects of
sufentanil or ketamine administered in target controlled infusion on the cerebral
hemodynamics of severely brain injured patients. Crit Care Med. May
2005;33(5):1109-13. doi:10.1097/01.ccm.0000162491.26292.98.

Jeffcote T, Weir T, Anstey J, McNamara R, Bellomo R, Udy A. The Impact of
Sedative Choice on Intracranial and Systemic Physiology in Moderate to Severe
Traumatic Brain Injury: A Scoping Review. J Neurosurg Anesthesiol. Feb 10 2022;
doi:10.1097/ana.0000000000000836.

Ghori KA, Harmon DC, Elashaal A, Butler M, Walsh F, O'Sullivan MG, Shorten GD.
Effect of midazolam versus propofol sedation on markers of neurological injury and
outcome after isolated severe head injury: a pilot study. Crit Care Resusc. Jun
2007;9(2):166-71.

Kelly DF, Goodale DB, Williams J, Herr DL, Chappell ET, Rosner MJ, Jacobson J,
Levy ML, Croce MA, Maniker AH, Fulda GJ, Lovett JV, Mohan O, Narayan RK.
Propofol in the treatment of moderate and severe head injury: a randomized,
prospective double-blinded pilot trial. J Neurosurg. Jun 1999;90(6):1042-52.
doi:10.3171/jns.1999.90.6.1042.

Sanchez-lzquierdo-Riera JA, Caballero-Cubedo RE, Perez-Vela JL, Ambros-Checa
A, Cantalapiedra-Santiago JA, Alted-Lopez E. Propofol versus midazolam: safety
and efficacy for sedating the severe trauma patient. Anesth Analg. Jun
1998;86(6):1219-24. doi:10.1097/00000539-199806000-00016.

Sandiumenge Camps A, Sanchez-lzquierdo Riera JA, Toral Vazquez D, Sa Borges
M, Peinado Rodriguez J, Alted Lopez E. Midazolam and 2% propofol in long-term
sedation of traumatized critically ill patients: efficacy and safety comparison. Crit
Care Med. Nov 2000;28(11):3612-9. doi:10.1097/00003246-200011000-00009.
Steiner LA, Johnston AJ, Chatfield DA, Czosnyka M, Coleman MR, Coles JP, Gupta
AK, Pickard JD, Menon DK. The effects of large dose propofol on cerebrovascular
pressure autoregulation in head-injured patients. Anesth Analg. Aug
2003;97(2):572-576. doi:10.1213/01.Ane.0000070234.17226.B0.

Pandharipande P, Cotton BA, Shintani A, Thompson J, Pun BT, Morris JA jr, Dittus
R, Ely EW. Prevalence and risk factors for development of delirium in surgical and
trauma intensive care unit patients. J Trauma. Jul 2008;65(1):34-41.

127



Chapter 5

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

128

doi:10.1097/TA.0b013e31814b2c4d.

Morandi A, Jackson JC. Delirium in the intensive care unit: a review. Neurol Clin.
Nov 2011;29(4):749-63. doi:10.1016/j.ncl.2011.08.004.

Flower O, Hellings S. Sedation in traumatic brain injury. Emerg Med Int.
2012;2012:637171. doi:10.1155/2012/637171.

McKenzie CA, McKinnon W, Naughton DP, Treacher D, Davies G, Phillips GJ, Hilton
PJ. Differentiating midazolam over-sedation from neurological damage in the
intensive care unit. Crit Care. Feb 2005;9(1):R32-6. doi:10.1186/cc3010.

Sperry RJ, Bailey PL, Reichman MV, Peterson JC, Petersen PB, Pace NL. Fentanyl
and sufentanil increase intracranial pressure in head trauma patients.
Anesthesiology. Sep 1992;77(3):416-20. doi:10.1097/00000542-199209000-00002.
Werner C, Kochs E, Bause H, Hoffman WE, Schulte am Esch J. Effects of sufentanil
on cerebral hemodynamics and intracranial pressure in patients with brain injury.
Anesthesiology. Oct 1995;83(4):721-6. doi:10.1097/00000542-199510000-00011.
Albanese J, Durbec O, Viviand X, Potie F, Alliez B, Martin C. Sufentanil increases
intracranial pressure in patients with head trauma. Anesthesiology. Sep
1993;79(3):493-7. doi:10.1097/00000542-199309000-00012.

Martin E, Ramsay G, Mantz J, Sum-Ping ST. The role of the alpha2

adrenoceptor agonist dexmedetomidine in postsurgical sedation in the intensive
care unit. J Intensive Care Med. Jan-Feb 2003;18(1):29 41.
doi:10.1177/0885066602239122.

Evans J, Rosen M, Weeks RD, Wise C. Ketamine in neurosurgical procedures.
Lancet. Jan 2 1971,1(7688):40-1. doi:10.1016/s0140-6736(71)80041-7.

Shaprio HM, Wyte SR, Harris AB. Ketamine anaesthesia in patients with intracranial
pathology. Br J Anaesth. Nov 1972;44(11):1200-4. doi:10.1093/bja/44.11.1200.
Albaneése J, Arnaud S, Rey M, Thomachot L, Alliez B, Martin C. Ketamine decreases
intracranial pressure and electroencephalographic activity in traumatic brain injury
patients during propofol sedation. Anesthesiology. Dec 1997;87(6):1328-34.
doi:10.1097/00000542-199712000-00011.

Jeevaratnam DR, Menon DK. Survey of intensive care of severely head injured
patients in the United Kingdom. Bmj. Apr 13 1996;312(7036):944-7.
doi:10.1136/bmj.312.7036.944.

Nelson AC, Kehoe J, Sankoff J, Mintzer D, Taub J, Kaucher KA. Benzodiazepines vs
barbiturates for alcohol withdrawal: Analysis of 3 different treatment protocols. Am
J Emerg Med. Apr 2019;37(4):733-736. doi:10.1016/j.ajem.2019.01.002.

Nisavic M, Nejad SH, Isenberg BM, Bajwa EK, Currier P, Wallace PM, Velmahos G,
Wilens T. Use of Phenobarbital in Alcohol Withdrawal Management - A
Retrospective Comparison Study of Phenobarbital and Benzodiazepines for Acute
Alcohol Withdrawal Management in General Medical Patients. Psychosomatics.
Sep-Oct 2019;60(5):458-467. doi:10.1016/j.psym.2019.02.002.



Practice-pattern variation in sedation of neurotrauma patients in the ICU

36.

37.

38.

39.

40.

41.

42.

43.

44.

Léger M, Frasca D, Roquilly A, Seguin P, Cinotti R, Dahyot-Fizelier C, Asehnoune K,
Le Borgne F, Gaillard T, Foucher Y, Lasocki S. Early use of barbiturates is associated
with increased mortality in traumatic brain injury patients from a propensity score
based analysis of a prospective cohort. PLoS One. 2022;17(5):e0268013.
doi:10.1371/journal.pone.0268013.

Ack SE, Loiseau SY, Sharma G, Goldstein JN, Lissak IA, Duffy SM, Amorim E, Vespa
P, Moorman JR, Hu X, Clermont G, Park S, Kamaleswaran R, Foreman BP, Rosenthal
ES. Neurocritical Care Performance Measures Derived from Electronic Health
Record Data are Feasible and Reveal Site-Specific Variation: A CHoRUS Pilot
Project. Neurocrit Care. Aug 2022;37(Suppl 2):276-290.
doi:10.1007/s12028-022-01497-0.

Marklund N. The Neurological Wake-up Test-A Role in Neurocritical Care
Monitoring of Traumatic Brain Injury Patients? Front Neurol. 2017;8:540.
doi:10.3389/fneur.2017.00540.

Balzer F, WeiB3 B, Kumpf O, Treskatsch S, Spies C, Wernecke KD, Krannich A,
Kastrup M. Early deep sedation is associated with decreased in-hospital and two-
year follow-up survival. Crit Care. Apr 28 2015;19(1):197. doi:10.1186/s13054-015-
0929-2.

George BP, Vakkalanka JP, Harland KK, Faine B, Rewitzer S, Zepeski A, Fuller BM,
Mohr NM, Ahmed A. Sedation Depth is Associated with Increased Hospital Length
of Stay in Mechanically Ventilated Air Medical Transport Patients: A Cohort Study.
Prehosp Emerg Care. Nov-Dec 2020;24(6):783-792.
doi:10.1080/10903127.2019.1705948.

ShehabiY, Chan L, Kadiman S, Alias A, Ismail WN, Tan MA, Khoo TM, Ali SB, Saman
MA, Shaltut A, Tan CC, Yong CY, Bailey M. Sedation depth and long-term mortality
in mechanically ventilated critically ill adults: a prospective longitudinal multicentre
cohort study. Intensive Care Med. May 2013;39(5):910-8. doi:10.1007/s00134-013
2830-2.

Chesnut RM, Temkin N, Carney N, Dikmen S, Rondina C, Videtta W, Petroni G,
Lujan S, Pridgeon J, Barber J, Machamer J, Chaddock K, Celix JM, Cherner M,
Hendrix T. A trial of intracranial-pressure monitoring in traumatic brain injury. N Engl
J Med. Dec 27 2012;367(26):2471-81. doi:10.1056/NEJMoa1207363.

Watson PL, Shintani AK, Tyson R, Pandharipande PP, Pun BT, Ely EW. Presence of
electroencephalogram burst suppression in sedated, critically ill patients is
associated with increased mortality. Crit Care Med. Dec 2008;36(12):3171-7.
doi:10.1097/CCM.0b013e318186b%ce.

Andresen JM, Girard TD, Pandharipande PP, Davidson MA, Ely EW, Watson PL.
Burst suppression on processed electroencephalography as a predictor of
postcoma delirium in mechanically ventilated ICU patients. Crit Care Med. Oct
2014,42(10):2244-51. doi:10.1097/ccm.0000000000000522.

129



Chapter 5

45.

46.

47.

130

Hogan J, Sun H, Aboul Nour H, Jing J, Tabaeizadeh M, Shoukat M, Javed F, Kassa
S, Edhi MM, Bordbar E, Gallagher J, Junior VM, Ghanta M. Shao YP, Akeju O, Cole
AJ, Rosenthal ES, Zafar S, Westover MB. Burst Suppression: Causes and Effects on
Mortality in  Critical lllness.  Neurocrit Care. Oct 2020;33(2):565-574.
doi:10.1007/s12028-020-00932-4.

Meyer KS. Understanding paroxysmal sympathetic hyperactivity after traumatic
brain injury. Surg Neurol Int. 2014;5(Suppl 13):54902. doi:10.4103/2152-
7806.144632.

Skoglund K, Enblad P, Marklund N. Monitoring and sedation differences in the
management of severe head injury and subarachnoid hemorrhage among
neurocritical care centers. J Neurosci Nurs. Dec 2013;45(6):360-8.
doi:10.1097/JNN.0b013e3182a3cf4f.



Practice-pattern variation in sedation of neurotrauma patients in the ICU

Supplementary Material: Survey

Informed consent
Please review the linked consent information sheet.

| agree to participate in this research

0 Yes
0 No (if no, questionnaire

completed)

Questions regarding sedation practices (the following questions relate to adults)

Do you treat adult patients with traumatic brain injury?

Do you routinely prescribe sedatives for procedural

sedation, intubation, or ICU sedation?

Is there an institutional guideline on sedation practice for
neurotrauma patients at your institution?

What induction sedative agents* do you use? [Multiselect]

* Induction sedative agents (distinct from muscle relaxants)
= used to safely facilitate endotracheal intubation in a
manner that minimizes hemodynamic instability and

secondary brain injury.

Please select all options that apply.

Why do you use these specific induction sedative agents?

What dose of induction sedative agents do you use?
Please insert all sedatives + dosage

Do you use a uniform dose regimen for induction sedative
agents in most neurotrauma patients?

What type of maintenance sedation medication* do you
use?

[Multiselect]

* Maintenance of sedation = as part of the overall
management of TBI to permit mechanical ventilation and

optimization of intracranial physiology.

0 Yes

0 No (if no, questionnaire
completed)

0 Yes

0 No (if no, questionnaire
completed)

0 Yes

0 No

0 Propofol

0 Etomidate

0 Ketamine

0 Dexmedetomidine

0 Benzodiazepines

0 Opioids

0 Barbiturates

0 Antipsychotics

0 Clonidine

0 Other (please specify): ...
0 Does not apply to me / | am not
involved during the induction phase
0 Institutional guidelines

0 Physicians preference

0 Other, please specify ...

[ Free text ]

0 Yes

0 No

0 Propofol

0 Etomidate

0 Ketamine

0 Dexmedetomidine
0 Benzodiazepines
0 Opioids

0 Barbiturates

0 Antipsychotics
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Please select all options that apply.

Why do you use this certain sedation maintenance

medication?

Which dose of sedation maintenance medication do you
use?

Please insert all sedatives + dosage

Do you use a uniform maintenance dose

regimen for all neurotrauma patients?

Do you routinely seek to change sedatives after the initial
24-48h?

Do you routinely use muscle relaxants during the
maintenance phase in neurotrauma patients? [Branching
question]

If yes, which muscle relaxants do you use?

What do you use as initial pharmacotherapy for elevated

ICP? [Branching question]

If osmotherapy, which osmotherapy do
you prefer as first line?
If sedation, which sedative do you prefer as first

line therapy for elevated ICP?

Sedation duration
Do you initially use a fixed duration of sedation or is
sedation duration dependent on clinical condition?
[Branching question]
If you use a fixed duration of sedation, how long
do you keep
neurotrauma patients sedated?
If the sedation duration depends on clinical
condition, which

clinical aspects are evaluated? [Multiselect]
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0 Clonidine

0 Other (please specify): ...

0 Institutional guidelines
0 Physicians preference
0 Other, please specify ...

[ Free text ]

0 Yes
0 No
0 Yes
0 No
0 Yes
0 No

0 Rocuronium

0 Succinylcholine
0 Other

0 Osmotherapy
0 Sedation

0 Osmotherapy and sedation

0 Mannitol

0 Hypertonic saline
0 Propofol

0 Etomidate

0 Ketamine

0 Dexmedetomidine
0 Benzodiazepines
0 Opioids

0 Barbiturates

0 Antipsychotics

0 Clonidine

0 Other (please specify): ...

0 Fixed duration

0 Depends on clinical condition

[ Number of days ]

0 Abnormal ICP or multimodality

monitoring

0 Refractory seizures
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0 Status Epilepticus
0 Paroxysmal Sympathetic
Hyperactivity
0 RASS
0 Other, please specify ...
How long do you keep neurotrauma patients with high ICP [ Number of days ]
(ICP >20mmHg) sedated?
How long do you keep neurotrauma patients with [ Number of days ]
refractory seizures or status epilepticus sedated?
How long do you keep neurotrauma patients with [ Number of days ]
Paroxysmal Sympathetic Hyperactivity sedated?
What RASS level are you aiming for in neurotrauma 0 +4 Combative
patients? 0 +3 Very agitated
0 +2 Agitated
0 +1 Restless
0 0 Alert and Calm
0 -1 Drowsy
0 -2 Light sedation
0 -3 Moderate sedation
0 -4 Deep sedation
0 -5 Unarousable

Is a tracheostomy performed early in neurotrauma patients 0 Yes
to minimize sedation? 0 No
Do you use sedation free intervals to do a 0 Yes
neurologic exam? [Branching question] 0 No
If yes, how often do you stop the sedation? [ Number of hours |

(hours between exams)
How many minutes do you typically wait to [ Number in minutes |
perform a neurological exam off sedation?
What are indications for no sedation interruption at your 0 ICP elevation
center or in your practice? [Multiselect] 0 Herniation
0 Mass lesion
0 Seizures
0 Status epilepticus
0 Brain tissue hypoxia

0 Other, please specify ...

Side effects of sedation

Which side effects related to sedation medication do you encounter in patients with TBI in the ICU?

Hemodynamic instability (hypotension, bradycardia) Never(0%) 12 3 4 5 6 7 8
9 10 Always (100%)
Delirium Never (0%) 12 3 4 5 6 7 8

9 10 Always (100%)
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Respiratory suppression

Propofol infusion syndrome

Adrenal suppression

General questions

In which country do you practice?

Which best describes your institution?

Which of the following best describes you?

Years of experience after terminal clinical training
(residency/fellowship)
In what field did you complete/are you completing your

residency? [Multiselect]

I deliver ICU care primarily:

Additional comments

Please submit any additional comments here

134

Never(0%) 1 2 3 4 5 6 7 8
9 10 Always (100%)
Never(0%) 1 2 3 4 5 6 7 8
9 10 Always (100%)
Never(0%) 1 2 3 4 5 6 7 8
9 10 Always (100%)

[ List of countries |

0 University Hospital/Academic
Medical Center

0 Hospital with no academic
affiliation

0 Community Hospital

0 Private Practice

0 Resident

0 Fellow

0 Attending physician

0 Critical care nurse practitioner
0 Critical care physician assistant
0 Other

[Number in years]

0 Anesthesiology

0 Intensive Care

0 Neurosurgery

0 Emergency Medicine

0 Neurology

0 Other (please specify): ...

0 In a medical ICU

0 In a neuro ICU

0 In a surgical ICU

0 In a mixed ICU, predominantly
neuro

0 In a mixed ICU, predominantly
surgical

0 In a mixed ICU, predominantly
medical

0 As a consultant to multiple ICUs
0 Other

[Free text]
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