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Background: In subarachnoid hemorrhage (SAH), titrating sedation to find a balance
betweenwakefulness with the ability to perform valid clinical examinations on the one
hand, and deep sedation to minimize secondary brain damage, on the other hand, is
challenging. However, data on this topic are scarce, and current guidelines do not
provide recommendations for sedation protocols in SAH.

Methods: We designed a web-based, cross-sectional survey for German-speaking
neurointensivists to map current standards for the indication and monitoring
of sedation, duration of prolonged sedation, and biomarkers for the withdrawal
of sedation.

Results: Overall, 17.4% (37/213) of neurointensivists answered the questionnaire.
Most of the participants were neurologists (54.1%, 20/37) and exhibited a long-
standing experience in intensive caremedicine (14.9 years, SD 8.3). Among indications
for prolonged sedation in SAH, the control of intracranial pressure (ICP) (94.6%) and
status epilepticus (91.9%) were most significant. With regard to further complications
in the course of the disease, therapy refractory ICP (45.9%, 17/37) and radiographic
surrogates of elevated ICP, such as parenchymal swelling (35.1%, 13/37), were
the most relevant topics for experts. Regular awakening trials were performed by
62.2% of neurointensivists (23/37). All participants used clinical examination for the
therapeutic monitoring of sedation depth. A total of 83.8% of neurointensivists
(31/37) used methods based on electroencephalography. As a mean duration of
sedation before attempting an awakening trial in patientswith unfavorable biomarkers,
neurointensivists suggested 4.5 days (SD 1.8) for good-grade SAH and 5.6 days
(SD 2.8) for poor-grade SAH, respectively. Many experts performed cranial imaging
before the definite withdrawal of sedation [84.6% (22/26)], and 63.6% (14/22) of the
participants required an absence of herniation, space-occupying lesions, or global
cerebral edema. The values of ICP tolerated for definite withdrawal were smaller
compared to that of awakening trials (17.3 mmHg vs. 22.1 mmHg), and patients were
required to stay below the threshold value for several hours (21.3 h, SD 10.7).

Conclusion: Despite the paucity of clear recommendations for sedation
management in SAH in the pre-existing literature, we found some level of agreement
indicating clinical e�cacy for certain clinical practices. By mapping the current
standard, this survey may help to identify controversial aspects in the clinical care of
SAH and thereby streamline future research.
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1. Introduction

Spontaneous, non-traumatic subarachnoid hemorrhage (SAH)

accounts for 2–7% of strokes and 12–19% of neurointensive care

unit (NICU) admissions, with sedation playing a paramount role

in its treatment (1–3). However, despite the achievements of the

management over the last decades, young age of patients, high

mortality, and substantial and lasting impact on functional outcome

and quality of life led to a disproportional burden of high disease

with the loss of productive life years similar to ischemic stroke

(2, 4, 5). Initially, many patients suffer from elevated intracranial

pressure (ICP) (6, 7) and require diagnostic angiography as well

as surgical or endovascular treatment for potential aneurysms. In

the further course of the disease, complications such as cerebral

vasospasm, dysfunctions of the cerebral microcirculation, or epileptic

seizures may also cause secondary brain damage. Thus, sedation in

the acute phase of the disease and prolonged sedation to reduce

cerebral metabolism over days are frequently used as therapeutic

approaches to manage secondary brain damage and have become

an integral part of neurocritical care in the treatment of SAH (8).

However, sedation without a robust indication is especially harmful

in this cohort as serial clinical neurological examinations are pivotal

to detecting delayed cerebral ischemia (DCI), and therapeutic options

are extremely time critical (9, 10).

However, data on this topic are scarce, and the current

principles in SAH management have predominantly been adopted

from traumatic brain injury (TBI) and the general critical care

literature (5). Given the unique pathophysiology, general sedation

protocols not accounting for the specific challenges in neurocritical

care of SAH seem inadequate. So far, the current international

guidelines (American Heart Association (AHA), European Stroke

Organization (ESO), and Neurocritical Care Society) do not provide

specific recommendations for sedation protocols (1, 11, 12). Given

this uncertainty, prior studies have documented a great level

of heterogeneity in different aspects of SAH management (13,

14). Hernández-Durán et al. (15) have previously also described

a heterogeneous practice in Germany, focusing on ventilation

parameters, indications for mechanical ventilation and its target

values, multimodal neuromonitoring, and the choice of analgesics

and sedatives. However, biomarkers relevant to guide sedation in

SAH remain unknown.

Overall, it thus remains unclear how the indication and

monitoring of sedation, the duration of prolonged sedation,

and relevant biomarkers for the withdrawal of sedation are

practiced in real life. To further explore the current standards of

neurocritical care provided and to identify the research gap for

further trials, we designed a cross-sectional survey for German-

speaking neurointensivists.

2. Materials and methods

2.1. Survey design and distribution

With the purpose of characterizing indications, monitoring,

duration of prolonged sedation, and relevant biomarkers for the

withdrawal of sedation in non-traumatic subarachnoid hemorrhage

(SAH), a cross-sectional survey (sedation protocols in non-traumatic

SAH, SPRINT-SAH) was initiated. Prolonged sedation was defined

as exposure to analgosedation exceeding the conventional limits of

procedural sedation. As this may vary among cases, a time threshold

was not given. German-speaking neurointensivists were defined as

the target population. The list of specialized neurointensive care

units provided by the Deutsche Gesellschaft für Neurointensiv-

und Notfallmedizin (DGNI) served as the corresponding sample

frame (https://www.dgni.de/verzeichnis-neurointensivstationen.

html, accessed 19/12/2020). Accordingly, the attending physician

responsible for the intensive care unit was the intended reporting

unit, and a total of 238 neurointensivists were identified via the

sample frame. A total of 25 invitations were undeliverable. The

survey was answered from 11 January 2021 to 19 February 2021 and

was online until 16 February 2022. This study was approved by the

institutional ethics committee of Ludwig-Maximilians University

Munich, and the requirement for written consent was waived

(project number 20-774 KB).

2.2. Questionnaire

The predefined aims of the study were operationalized in

a questionnaire containing 105 items (Supplementary Table 2). A

mixed-method approach was used, combining open- and closed-

end questions. Using a Delphi-like process, the initial design of the

questionnaire was debated among the members of the Initiative for

German NeuroIntensive Trial Engagement, a subdivision of DGNI

(IGNITE). Subsequently, new information was integrated and fed

back to the panel of experts, resulting in a re-evaluation of the

previously made comments. The questionnaire was constructed via

the web-application Research Electronic Data Capture (REDCAP,

Vanderbilt University Tennessee, USA). Patient data were not

required, and the respondents remained anonymous. Participants

were invited via e-mail using unique uniform resource locators

(URLs) to prevent multiple reporting. We contacted just one

individual per institution to reduce bias by the overrepresentation

of single centers. A reminder was issued 2 weeks after the initial

invitation. Financial support was not provided. To analyze the

intended duration of prolonged sedation relative to various baseline

characteristics, the participating neurointensivists were asked to

determine the most important biomarker in this context (Tier 1

biomarker). The three most important biomarkers (including Tier 1

biomarker) were given as either favorable or unfavorable to create a

fictional clinical scenario. Based on the given baseline information,

the respondents were asked to provide a minimum time interval for

the duration of sedation.

2.3. Data analysis

For statistical analyses, Microsoft Excel (Redmond, USA) and

Graph Pad Prism (San Diego, USA) were used. Descriptive statistics

are reported in mean and standard deviation (SD). The number of

available responses varies among items and is stated in the figure

captions as it was not mandatory to answer all items. Boxplots

are used to depict certain datasets as a five-number summary.

Accordingly, quartiles one and three of the respective data are

indicated by the lower and upper boundaries of the box, respectively.
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A horizontal line within the box represents the median, and the

whiskers describe the minimum and maximum of the dataset.

3. Results

3.1. Demographics of reporting
neurointensivists and a�liated institutions

Characteristics of the participating physicians and their

corresponding institutions are depicted in Table 1. Overall, 17.4%

(37/213) of the identified and contacted neurointensivists answered

the questionnaire. The mean age was 50 years (SD 9). More than half

of the participants were neurologists [20/37 (54.1%)] and exhibited

a long-standing experience in intensive care medicine [14.9 years

(SD 8.3)]. Most respondents were practicing at high-volume centers

[university hospital 62.2% (23/37) and maximum capacity hospitals

35.1% (13/37)], with an average annual SAH case number of 57 (SD

38.6) at their respective institutions. Most of the intensive care units

(ICUs) were led by neurology [12/37 (32.4%)] and used a standard

operating procedure (SOP) for the management of SAH [94.6%

(35/37)]. However, a smaller proportion had SOPs covering the

sedation of patients with SAH in place [67.6% (25/37)].

3.2. Indications and relevant biomarkers for
prolonged sedation in SAH

Among the general indications for prolonged sedation in SAH,

the control of elevated intracranial pressure (ICP) and status

epilepticus therapy was deemed to be relevant by 94.6% (35/37)

and 91.9% (34/37) of neurointensivists, respectively. However,

angiographic vasospasm was evaluated to be an adequate indication

for 62.2% of neurointensivists (23/37). Targeted temperature

management (TTM) [48.6% (18/37)], ventilator asynchrony [48.6%

(18/37)], and sympathetic hyperactivity [45.9% (17/37)] were

regarded to be relevant to decision-making by fewer experts

(Figure 1A). Surrogates for the severity of disease, as indicated by

well-established radiologic and clinical scales (World Federation of

Neurological Surgeons (WFNS) grading system and modified Fisher

scale), were used by 86.5% (32/37) of all reporting physicians to

guide the indication and duration of prolonged sedation (Figure 1B).

Respondents were asked to rank a predefined set of biomarkers

representing complications in SAH by their relevance for the

indication of prolonged sedation. Here, respondents agreed that

ICP was the most important biomarker for performing prolonged

sedation [therapy refractory ICP measured by invasive monitoring

45.9% (17/37) and radiographic surrogates of elevated ICP such as

parenchymal swelling 35.1% (13/37)]. Vasospasm was found to be

the second or third most important biomarker by 29.7% (11/37) and

21.6% (8/37), respectively (Figure 1C).

3.3. Awakening trials

Regular awakening trials were found to be performed by 62.2%

(23/37) of neurointensivists (Figure 2A). Among predefined clinical

and radiographic criteria for an interruption of the awakening trial,

respondents regarded sympathetic hyperactivity [40.5% (15/37)],

TABLE 1 Demographics.

Age (years)

Mean (SD) 50 (9)

Institution

N (%)

University hospital

Maximum capacity hospital

Medium capacity hospital

Hospital with solely trauma

Rehabilitation hospital

23/37 (62.2%)

13/37 (35.1%)

1/37 (2.7%) 0 0

Annual nontraumatic SAH cases at the institution

Mean (SD) 57 (38.6)

Experience in medicine (years)

Mean (SD) 20.3 (7.3)

Experience in intensive care medicine (years)

Mean (SD) 14.9 (8.3)

Subspecialty

N (%)

Neurology

Neurosurgery

Anesthesiology

Internal medicine

Others

20/37 (54.1%)

9/37 (24.3%) 8/37

(21.6%) 0 0

Structure of ICU at the institution

N (%)

Neurology led ICU

Neurosurgery led ICU

Interdisciplinary neurology/neurosurgery led ICU

Interdisciplinary anesthesiology/neurology led ICU

Interdisciplinary anesthesiology/neurosurgery led ICU

Interdisciplinary internal medicine/neurology led ICU

Interdisciplinary with neurology and neurosurgery

Others

12/37 (32.4%)

1/37 (2.7%) 3/37

(8.1%) 3/37

(8.1%) 8/37

(21.6%) 1/37

(2.7%) 5/37

(13.5%) 4/37

(10.8%)

Standard operating procedures for

N (%)

General management of SAH

Sedation of patients with SAH

35/37 (94.6%)

25/37 (67.6%)

SD, standard deviation; N, number; SAH, subarachnoid hemorrhage; ICU, intensive care unit.

new focal neurologic deficits or decreased consciousness [37.8%

(14/37)], and an increase in radiologic surrogates of elevated

ICP (35.1% (13/37) as the most important variables (Figure 2B).

With regard to thresholds of continuously monitored biomarkers,

a mean ICP of 22.1 mmHg (SD 2.4) and a mean minimum

oxygen saturation of 91.5% (SD 1.8) were tolerated. Vegetative

stress reaction upon arousal was tolerated for a mean of 22.5min

(SD 21.3) (Figure 2C).

3.4. Monitoring sedation depth

All participants were found to use clinical examination,

including the Richmond Agitation Sedation Scale (RASS), for

the therapeutic monitoring of sedation depth. About 83.8%

(31/37) used methods based on electroencephalography (EEG)
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FIGURE 1

Indications and relevant biomarkers for prolonged sedation. (A) Relevance of SAH grading scales (World Federation of Neurological Surgeons (WFNS),
Hunt and Hess, modified Fisher scale) to the guidance of sedation protocols [(B); n = 37; multiple selection of items]. Indications for prolonged sedation
of patients in neurointensive care. Miscellaneous included non-neurointensive care-specific indications (pneumonia, sepsis) [(C); n = 37]. Ranking of
predefined biomarkers according to their impact on the guidance of sedation protocols. Miscellaneous included ongoing refractory ICP elevation (n = 1,
most important biomarker), reduction in brain tissue oxygen tension (PtbO2) monitoring (n = 2, second most important biomarker) as well as vegetative
dysregulation, overall clinical impression, and no relevant other biomarkers (n = 2 and n = 1, respectively). TTM, targeted temperature management, ICP,
intracranial pressure.

(multichannel EEG 59.5% (22/37) and bispectral index (BIS)

24.3% (9/37) (Figures 3A, B). Target values for RASS were −5

for most participants (59.5% (22/37). In this context, 38.9%

(14/37) tolerated cough reflex or spontaneous breathing, whereas

22.2% (8/37) aimed to suppress the latter via sedation. For

EEG and BIS, a mean burst suppression ratio (BSR) of 54.2%

(SD 32.6) and BIS of 20% (SD 0) were reported, respectively

(Figure 3C).
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FIGURE 2

Relevance and safety criteria of daily awakening trials. (A) Proportion of experts performing daily awakening trials in patients in SAH (n = 37). (B) The
proportion of experts applying pre-defined safety criteria for interruption of sedation. (C) Relevance of predefined safety criteria for interruption of
sedation (n = 17, multiple selections). Miscellaneous included critical reduction in brain tissue oxygen tension (PtbO2, n = 2), status epilepticus (n = 1),
and hypocapnia (pCO2 < 30mmHg, n = 1). (C) Thresholds of ICP, vegetative stress, and oxygen saturation. w/o, without, ICP; intracranial pressure.

3.5. Duration of sedation

Figure 4 depicts the proposed minimum duration of sedation

based on the values of biomarkers individually chosen and ranked

by the respondents. Irrespective of the initial disease severity [good-

grade SAH WFNS/Hunt and Hess scale (HuH) 1-3: Figure 4A;

poor-grade SAH (WFNS/HuH 4–5): Figure 4B], neurointensivists

proposed no prolonged sedation over days if all pre-selected

biomarkers (possible biomarkers as indicated in Figure 1C, with

individual rankings varying from expert to expert) showed a favorable

value (WFNS/HuH 1–3: 0 days, SD 0; WFNS/HuH 4–5: 0.4 days,

SD 0.9). As the number of unfavorable biomarkers increased, the

proposed duration of sedation also increased. Notably, this was

more pronounced in the case of unfavorable Tier 1 biomarkers,

as well as in poor-grade SAH (Figure 4A vs. Figure 4B). The

maximum mean duration of sedation was 4.5 days (SD 1.8) for

good-grade SAH and 5.6 days (SD 2.8) for poor-grade SAH,

respectively. With respect to drugs used for prolonged sedation,

propofol was found to be used more frequently in the early phase of

the disease, whereas midazolam/ketamine, volatile anesthetics, and

alpha-2 agonists (clonidin, dexmedetomidine) were more commonly

used in later phases (Supplementary Table 1).

In order to explore the variance among the different experts

involved, the standard deviation of responses was also plotted as a

heatmap (Figures 4C, D). Here, a high level of agreement was reached

for scenarios with only the favorable values of biomarkers present

(WFNS 1-3: SD 0;WFNS 4-5: SD 0.9). The highest standard deviation

was reached for poor-grade SAH with all three biomarkers showing

unfavorable values (WFNS 1-3: SD 1.8; WFNS 4-5: SD 2.9).

3.6. Definite withdrawal of sedation

The vast majority of decisions regarding the definite withdrawal

of sedation were not standardized via SOPs [94.6% (35/37)] but

were rather formed by either physicians in a multidisciplinary
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FIGURE 3

Methods and thresholds for monitoring the level of sedation. (A) Methods used for monitoring the level of sedation (n = 37, multiple selections). (B)
Methods used for monitoring via EEG-based techniques (n = 31, multiple selections). (C) Therapeutic targets using RASS as monitoring of the level of
sedation (n= 37). (D) Therapeutic targets using BIS/EEG as monitoring of the level of sedation (BSR n =6; BIS n = 2). BSR was defined as the total time of
suppression/epoch length × 100%. BIS, bispectral index, EEG, electroencephalography, BSR, burst suppression ratio.

fashion [45.9% (17/37)] or by a multiprofessional consensus [35.1%

(13/37)], or by the attending physician [13.5% (5/37)] (Figure 5A).

Many experts performed cranial imaging before the withdrawal

of sedation [84.6% (22/26)] (Figure 5B), and 63.6% (14/22) of the

participants required the absence of herniation, space-occupying

lesions, or global cerebral edema (GCE). Others accepted space-

occupying lesions with [18.2% (4/22)] and without [18.2% (4/22)]

evidence of GCE, respectively (Figure 5C). The critical threshold

for the middle cerebral artery (MCA)/internal cerebral artery (ICA)

index, which describes cerebral vasospasm before the withdrawal

of sedation, was determined to be 3.2 (SD 1.8) (Figure 5D). The

mean cut off for tolerated ICP before the withdrawal of sedation was

17.3mmHg (SD 3.7). Respondents required the ICP to be below this

cutoff for a mean of 21.3 h (SD 10.7) before initiating the definite

withdrawal of sedation (Figure 5D).

4. Discussion

In this cross-sectional survey of neurointensivists, we evaluated

indications and monitoring of prolonged sedation and identified

relevant biomarkers and thresholds, ultimately determining the

duration of prolonged sedation in non-traumatic SAH. The main

findings of this study are as follows: (i) elevated ICP and status

epilepticus are the most robust indications for prolonged sedation

in neurocritical care, (ii) elevated ICP detected via invasive ICP-

monitoring and features of elevated ICP on cranial imaging are

the most important biomarkers in guiding sedation with regard to

duration and depth in patients with SAH, (iii) awakening trials are

performed in a substantial part of patients with SAH, (iv) clinical

scales and EEG-based monitoring dominate in surveilling sedation

depth, (v) the duration of sedation before attempting an awakening
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FIGURE 4

Duration of sedation as a function of SAH biomarkers. The number of unfavorable biomarkers is represented on the y-axis, whereas the most important
biomarker’s value for the respective answering physician is coded on the x-axis [(A, B); n = 7]. Duration of sedation in patients with SAH as a function of
the presence/absence of biomarkers in good-grade SAH (WFNS 1-3, Panel A) and poor-grade SAH (WFNS 4-5, Panel B). The one-gradient heatmap
codes for the time of prolonged sedation in days [(C, D); n = 7]. The standard deviation of responses for the various clinical scenarios coded by a
one-gradient heatmap.

trial varies depending on the specific biomarker characteristics with

a maximum duration of 5.6 days, and (vi) the definite withdrawal of

sedation is often based on expert opinion and requires stable ICP in

the preceding period as well as prior cranial imaging.

The results of the survey reflect the literature, which claims

critical ICP values to be a widely accepted indication for prolonged

sedation in neurointensive care (Figures 1B, C) (16, 17). Elevated ICP,

(6, 7, 18) and probably even more or so the overall dose (pressure

over time) of ICP, (19) is a frequent and treatable complication in

SAH with a profound impact on the patient outcome. However, the

rationale for sedation to lower ICP is mainly based on the literature

covering traumatic brain injury (20), showing a reduction of ICP with

propofol- vs. morphine-based regimens without significant influence

on functional outcome (21). Yet, future randomized-controlled

trials are deemed to be unethical because of the broad consensus

supporting sedation for ICP control. Hence, the current management

algorithms are based on expert consensus and list sedation as a

Tier 1 strategy (8). Consistent with a prior survey focusing on

ventilation and sedatives in SAH care (15), neurointensivists seem to

take advantage of propofol’s favorable pharmacokinetics and ability

to depress the cerebral metabolic rate of oxygen (CMRO2), while

midazolam/ketamine, volatile anesthetics, and alpha-2 agonists, such

as clonidine and dexmedetomidine, are preferred later on in the

clinical course, thereby avoiding complications such as propofol
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FIGURE 5

Decision-making and thresholds of definite withdrawal of sedation. (A) Responsibilities of decision-making (n = 37), (B) proportion of neurointensivists
demanding CT before the withdrawal of sedation (n = 26), (C) acceptable radiologic lesion patterns and thresholds for intracranial vasospasm (n = 22),
and (D) and ICP in the context of definite withdrawal of sedation (n = 5 with 2 values excluded due to implausible values). SOP, standard operating
procedure; GCE, global cerebral edema; MCA, middle cerebral artery; ICA, internal carotid artery; ICP, intracranial pressure.

infusion syndrome (PRIS) (Supplementary Table 1). In this regard,

the data presented by Hernández-Durán and colleagues suggest a

significant correlation between clinical management and the annual

SAH case load (15).

Furthermore, the data revealed that status epilepticus is

a relevant indication to perform prolonged sedation, which

is in line with several trials and international guidelines

supporting burst suppression sedation after using adequate
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doses of benzodiazepines and anticonvulsants over a prolonged

period (22, 23).

Apart from ICP, radiographic features of elevated ICP, such

as focal lesions, global cerebral edema (GCE) or re-bleeding, were

named as SAH-specific indications. As management often includes

continuously draining external ventricular drains (EVDs), and

thereby limiting the precision of ICP measurements, using radiologic

biomarkers as additional information seems reasonable. These expert

opinions are backed by data by Zoerle et al. describing early CT

lesions as well as re-bleeding to be independent predictors of ICP in

patients with SAH (6). Furthermore, GCE has also been shown to be

a predictor for ICP-related complications as well as overall morbidity

and mortality (24, 25).

Given the remaining controversies regarding awakening trials

in neurointensive care, it is of interest that a majority of

neurointensivists in our survey stated that they use regular awakening

trials in patients with SAH (Figure 2A). On the one hand, it

seems plausible that the beneficial effects of minimizing sedation as

implemented in general intensive care medicine might also apply

to neurointensive care patients. Also, and specific to brain injured

patients, only regular interruption of sedation allows valid clinical

examinations essential for the detection of new neurological deficits.

On the other hand, trials including patients with SAH and traumatic

brain injury found that only 40 and 67% were eligible for awakening

trials, respectively (26, 27). In addition, approximately one-third of

the patients undergoing awakening trials suffered from brain tissue

hypoxia or ICP crisis, resulting in the termination of the awakening

trial (26). Yet, additional information through clinical assessment of a

non-sedated patient could be demonstrated in only one case in a trial

involving patients with SAH (26). A study comparing the practice in

Scandinavia reported significant heterogeneity, with∼50% of centers

never interrupting continuous sedation to enable awakening trials

(28). The predefined termination criteria (Figures 2B, C) reported

here are similar to the thresholds reported in a landmark trial

(26). Furthermore, the recent consensus on neuromonitoring in TBI

recommended almost identical ICP thresholds as in our survey (<22

vs. 22.1 mmHg) (8).

In line with pre-existing data including patients with SAH, all

experts covered in this survey used clinical scales, including RASS,

to monitor sedation levels (Figure 3A) (15, 29). With regard to the

general intensive care population, both RASS and the Sedation-

Agitation Scale (SAS) are the most valid and reliable subjective

sedation scales (29). Also, there is a correlation between BIS and the

above-mentioned sedation scales in patients with acute brain injury

(30, 31). Moreover, the use of BIS led to a reduction of sedatives in

patients in NICU in a single-center study. However, as some did not

exhibit acute brain injury, those with an indication for deep sedation

were excluded, and specifics on the respective reason for sedation

were not given. Thus, the validity of this study is limited (32). As

BIS generates processed EEG data without the physician knowing the

variables influencing the algorithm, concerns about the reliability of

BIS monitoring have limited its use in patients with brain injury. In

line with these considerations, most physicians represented in this

survey use EEG without relying on processed data/BIS (Figure 3B).

While it is known that CMRO2 is dependent on the dose of the

respective sedative used, an optimal range for the burst suppression

ratio (BSR) and BIS in prolonged sedation is unknown. As in other

domains of neurocritical care, an optimal range of BSR in prolonged

sedation fitting to all patients and all indications is implausible.

Yet, biomarkers to guide this decision are missing. This level of

uncertainty is reflected by the broad interval of responses for BSR

(Figure 3C).

For evaluating the duration of sedation, the survey revealed two

key aspects (Figure 4). First, biomarkers and hierarchy influencing

the duration of sedation vary among experts. Second, the increasing

number of biomarkers showing unfavorable values, poor-grade

SAH based on WFNS/HuH grading systems, and the presence of

unfavorable Tier 1 biomarkers increased the duration of sedation

recommended by the participating neurointensivists. Importantly,

the duration of sedation reported here represents the minimum

duration of sedation without allowing any awakening trial, as

the danger of secondary brain injury in the acute phase is

deemed too high. Indeed, in longitudinal measurements, intracranial

hypertension in the SAH cohort peaks within 2–7 days after ictus,

with some patients developing ICP crises as long as 14 days after

onset (6). In two high volume centers, the median time patients

received sedatives was 6 and 7 days, respectively (19). Thus, our

survey contributes to the scarce literature by describing the clinical

practice of titrating prolonged sedation in acute SAH based on

individual biomarkers. Because data are lacking, there is a high level

of uncertainty regarding the most effective protocol for prolonged

sedation. This was reflected in our data as an increasing level of

disagreement among expert neurointensivists with an increasing

number of unfavorable biomarkers was observed.

Similarly, there is no data-driven recommendation regarding

criteria for the definite withdrawal of sedation in patients with SAH.

Ultimately, the definite interruption of sedation shares features with

the awakening trial, which also requires (pre-)defined thresholds

prompting the restarting of sedation to be met. However, in contrast

to an awakening trial, thresholds for definite interruption tend

to be stricter as the interruption of sedation is not temporary.

Given these circumstances, many neurointensivists favored prior

CT imaging, and most required the absence of herniation, space-

occupying lesions, or GCE (Figure 5B). Furthermore, ICP values

tolerated for definite withdrawal were smaller compared to those for

awakening trials (17.3 vs. 22.1 mmHg), and patients were required to

stay below the threshold for several hours (Figure 5C).

Unfortunately, there is insufficient research to support an

evidence-based development of sedation protocols in SAH. To

standardize treatment by mapping the current clinical practice and to

identify research gaps for further trials, a systematic survey exploring

and summarizing the best practice among neurointensivists seems

to be a pragmatic approach. Recognizing the limitations of this

approach, we think areas with general agreement within the

large body of experts comprised of multiple specialties reflect

clinically effective practices and individual confounding factors,

such as work environment, individual bias and demographics,

become less significant. Although our web-based survey targeting

German neurointensivists reached a response rate comparable to

previous surveys in similar populations (33), it was lower than a

previous survey covering NICUs in Germany (15). Furthermore,

most participants of this survey practice in academic centers. Hence,

generalizability is limited, and selection/non-response bias may

be present. Although inherent to the study design, we tried to

minimize response bias by creating neutral open- and closed-ended

questions and debating the initial design of the questionnaire with
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members of IGNITE with subsequent revisions. Finally, treatment

protocols might differ outside German-speaking countries due to the

availability of equipment and drugs.

5. Conclusion

In this survey among German-speaking neurointensivists on

sedation protocols in SAH, we found a convincing level of

agreement on the indication and monitoring of sedation, duration

of prolonged sedation, and relevant biomarkers for the withdrawal

of sedation. At the same time, we also describe the variance

of expert opinions to identify controversial aspects on the

question of duration of sedation. In the absence of sufficient

research to allow evidence-based development of sedation protocols,

this survey may help to standardize treatment in healthcare

systems with medical standards similar to German-speaking

countries by mapping the current clinical practice and identifying

research gaps.
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