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Abstract

Background—Analgesics, sedatives, and neuromuscular blockers are commonly used
medications for mechanically ventilated air medical transport patients. Prior research in the
emergency department (ED) and intensive care unit (ICU) has demonstrated that depth of sedation
is associated with increased mechanical ventilation duration, delirium, increased hospital length-
of-stay (LOS), and decreased survival. The objectives of this study were to evaluate current
sedation practices in the prehospital setting and to determine the impact on clinical outcomes.

Methods—A retrospective cohort study of mechanically ventilated patients transferred by air
ambulance to a single 812-bed Midwestern academic medical center from July 2013 to May 2018
was conducted. Prehospital sedation medications and depth of sedation [Richmond Agitation-
Sedation Scale score (RASS)] were measured. Primary outcome was hospital LOS. Secondary
outcomes were delirium, length of mechanical ventilation, in-hospital mortality, and need for
neurosurgical procedures. Univariate analyses were used to measure the association between
sedatives, sedation depth, and clinical outcomes. Multivariable models adjusted for potentially
confounding covariates to measure the impact of predictors on clinical outcomes.

Results—Three hundred twenty-seven patients were included. Among those patients, 79.2% of
patients received sedatives, with 41% of these patients achieving deep sedation (RASS = —4).
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Among patients receiving sedation, 58.3% received at least one dose of benzodiazepines.
Moderate and deep sedation was associated with an increase in LOS of 59% (aRR: 1.59; 95%CIl:
1.40-1.81)and 24% (aRR: 1.24; 95% CI: 1.10-1.40), respectively. Benzodiazepines were
associated with a mean increase of 2.9 days in the hospital (95% CI, 0.7-5.1). No association
existed between either specific medications or depth of sedation and the development of delirium.

Conclusions—Prehospital moderate and deep sedation, as well as benzodiazepine
administration, is associated with increased hospital LOS. Our findings point toward sedation
being a modifiable risk factor and suggest an important need for further research of sedation
practices in the pre-hospital setting.
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Introduction

The effect of sedation on clinical outcomes in mechanically ventilated patients has been
studied in both the intensive care unit (ICU) and in the emergency department (ED) [1-4].
For example, depth of sedation has been shown to be associated with delirium, increased
mechanical ventilation duration, increased length-of-stay (LOS), and decreased survival [2].
In a recent study of mechanically ventilated patients in the ED, deep sedation was provided
to nearly 2/3 of ventilated patients, of which 71% eventually developed delirium
[1].Delirium has particular significance on outcomes for critically ill patients, as patients
with delirium have an increased risk of prolonged hospital stays, mortality, and long-term
cognitive impairment [5, 6]. There is also increased recognition that sedation during the
early course of mechanical ventilation is especially impactful. Sedation during the first 48
hours of mechanical ventilation in the ICU has been shown to influence mortality and
mechanical ventilation duration [7]. In addition, certain sedatives, such as dexmedetomidine,
have been shown to be effective agents contributing to better outcomes in both neurological
and non-neurological ICU patients [3, 8, 9]. In the ED, deep sedation is common and
associated with worse outcomes [1, 10].

The provision of some combination of analgesics, sedatives, and neuromuscular blockers is
a near-ubiquitous intervention for the more than 550,000 critically ill patients requiring air
medical transport annually [11]. Despite this, there is no data examining the potential impact
of sedation in the prehospital environment on mechanically ventilated patients. As early
sedation practices have been shown to not only impact patient-oriented outcomes, but also
subsequent sedation practices in the ICU [12], quantifying the impact of prehospital sedation
could have important clinical implications. The objectives of this study were to evaluate
current sedation practices in the prehospital setting and to determine the impact on clinical
outcomes. We hypothesized that deep sedation in the prehospital environment would be
associated with worse clinical outcomes, specifically increased LOS, increased time on
mechanical ventilation, increased hospital mortality risk, development of delirium, and need
for neurosurgical interventions.
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Study Design, Setting, and Population

This study was a retrospective cohort study of all (i.e. neonatal, pediatric, adult)
mechanically ventilated patients transferred by air ambulance to a Midwestern university
hospital with a 60,000-visit ED between July 2013 and May 2018. Prehospital arrivals from
three air ambulance services were abstracted from electronic medical records. Records with
incomplete or insufficient documentation, and patients who did not require mechanical
ventilation during air transport were excluded. If a patient was transported multiple times
during the study period, only the first encounter was used. As there were three ambulance
services that serve the institution, we used a stratified random sample to obtain a
representative sample from each service. This was done for efficiency and time required to
extract data from all charts, and to account for representation from all three services. The
local Institutional Review Board approved this study under waiver of informed consent, and
the study is reported in accordance with the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines [13].

Measurements of Primary Exposures and Covariates

Data were collected from air transport logs and manual extraction of hospital medical
records by a single trained research assistant, using a standardized data collection form in
Research Electric Data Capture (REDCap) software. Minimum and maximum values of
each continuous variable were set in the software to limit errors in data abstraction, and
intermittent, informal audits of random records were performed by the research assistant to
promote accuracy. The primary exposure was sedative and paralytic medications during air
medical transport. Medications of interest included benzodiazepines, ketamine, opioids,
propofol, other hypnotic sedatives (e.g. etomidate), and neuromuscular blockers (e.g.
succinylcholine, rocuronium, vecuronium). Combinations of medications administered also
included (1) opioids and benzodiazepines, (2) opioids and propofol, and (3) opioids,
benzodiazepines, and propofol. These medications were characterized in two ways: 1)
cumulative dose and 2) dichotomously (administered vs. not) among those who received any
sedation. Medication data were gathered only from the air transport record in order to limit
error and uncertainty from outside health records. Doses of medications were summarized as
follows: bolus doses were recorded at the time of administration; continuous infusions were
recorded as constant infusions rates at a dose that was used for the majority of the flight.

We extracted baseline demographics (age, gender, race/ethnicity, insurance), comorbid
conditions, and indication for mechanical ventilation (neurological vs. non-neurological).
Comorbid conditions included: diabetes, chronic obstructive pulmonary disease (COPD),
congestive heart failure, stroke, coronary artery disease, dementia, pneumonia, traumatic
brain injury, and other psychiatric disorders (schizophrenia, bipolar disorder, etc). Ventilator
settings (mode, tidal volume, FiO2, and positive end-expiratory pressure), vital signs (e.g.
heart rate, blood pressure), and Glasgow Coma Scale (GCS) were collected from the
accepting hospital ED admission note. If no GCS value was recorded in the receiving
hospital ED, the GCS value was obtained from the air ambulance record upon arrival at the
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receiving hospital. Air ambulance transport departure/arrival times were recorded to
calculate medication infusion duration.

The principle exposures tested in this study were: 1) drug selection; 2) depth of sedation;
and 3) dosing. To measure sedation depth during transport and in the ED, the Richmond
Agitation-Sedation Scale (RASS) was used [14]. This scale ranges from +4 (combative) to
-5 (unarousable) [9]. When explicit scores were not provided, subjective descriptions during
the initial patient assessments by the EMS crew and ED staff were used to record the
appropriate RASS value. To measure sedative dosing, two residency-trained emergency
medicine (EM) clinical pharmacists, blinded to all study outcomes, categorized each patient
dose as “low,” “intermediate,” and “high” based on the cumulative dose of sedative and
analgesic medication the patient received during the flight. This was done was because no
universal equivalent dosing between different sedative agents are available, and because the
impact of low dose-deep sedation and high dose-mild sedation on clinical outcomes was
hypothesized to differ. Examples of each of the dose classifications which represent the
cumulative dose received during flight are as follows: mild sedation: midazolam <5 mg,
lorazepam < 4mg, benzodiazepine plus opioid combination: fentanyl < 100 mcg plus
midazolam < 5 mg; moderate sedation: benzodiazepine plus opioid combination: fentanyl
>100 mcg plus midazolam = 5 mg, propofol continuous infusion < 20 mcg/kg/minute,
ketamine 0.31-0.99 mg/kg; deep sedation: propofol continuous infusion > 20 mcg/kg/
minute, propofol continuous infusion plus opioid (e.g., fentanyl) administration, = 3 sedative
medications administered. Discrepancies were resolved by review of a third blinded EM
clinical pharmacist. Both depth of sedation and drug dosing adjudication was performed
blinded to clinical outcomes.

Primary Outcomes

The primary outcome was hospital LOS.

Secondary Outcomes

Secondary outcomes were delirium and 28-day ventilator-free days. Delirium was measured
as either a diagnosis of delirium using ICD-10 codes in the medical record or symptoms
consistent with delirium, specifically acute onset of agitation, confusion, aggressive
behavior, or insomnia. Clinical symptoms described in patients’ charts were used due to
inconsistent use of a standardized screening tool, such as the CAM-ICU [15]. Also, 28-day
ventilator-free days were used to account for right-censored data in a population with high
mortality, such that this measure accounted the number of days alive and free from
mechanical ventilation and was not biased by the number of deaths. Other secondary
outcomes included the receipt of neurosurgery and intracranial pressure (ICP) monitoring
(among those with a neurological indication for intubation), and hospital mortality. The
reason for measuring neurosurgery and ICP monitoring was to determine if sedatives and/or
sedation depth confound the physical exam and consequently lead to more neurological
interventions.
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Statistical Data Analysis

Results

Evaluation of Covariates—We measured differences in demographics, comorbidities,
clinical presentation (pre-hospital and ED RASS, vital signs), and ventilator settings across
each outcome. Bivariate comparisons between each outcome and covariate were conducted
using Wilcoxon rank-sum tests for continuous variables and Fisher exact or Pearson’s chi-
squared tests for categorical variables.

Evaluation of Primary and Secondary Outcomes—RBinary outcomes, such as our
secondary outcomes of delirium, need for neurosurgery and/or intracranial pressure
monitoring, and in-hospital mortality, were evaluated through logistic regression. In order to
account for potential interaction between depth of sedation and neurological indication for
intubation on the outcome of in-hospital mortality, we stratified the relationship by status of
neurological indication. Continuous outcomes, such as our primary outcome of hospital
LOS, as well as the time on mechanical ventilation were evaluated descriptively (i.e. mean
and standard deviation). As each LOS and time on ventilation was a count of days that were
right-skewed, we modeled the association between sedation and level of dosing for each
continuous outcome through generalized estimating equations, using an identity link and
Poisson distribution.

Final Multivariable Models—The final models developed were built by purposeful
manual backward selection of covariates that were associated with each outcome. For
example, we removed demographic and clinical covariates or variables which were not
independently associated with the outcome in the full model, did not significantly impact
measures of sedation, and did not improve the overall model fit (evaluated by Akaike
Information Criterion values). Final adjusted measures were evaluated as relative risks (RR,
95%Cl) for continuous outcomes and odds ratios (OR, 95%ClI) for binary outcomes. For in-
hospital mortality, we tested for effect modification by indication for neurosurgery by fitting
an interaction between sedation dosing and neurosurgery indication. All tests were
considered significant at alpha < 0.05 using 2-tailed tests. Analyses were completed using
SAS version 9.4 (SAS Institute, Cary, North Carolina).

Power analyses—We estimated that to detect a 15% increase in hospital LOS in patients
deeply sedated vs. those with light sedation, 276 patients would be needed to have 80%
power at an alpha of 0.05. After inclusion and exclusion criteria, there were 327 patients
available for study inclusion, providing us with assurance that we could test the hypothesis
with adequate power.

There were 3,664 patients who were transported via air ambulance, of which 1,973 patients
were selected in the stratified random sample. After screening for eligibility criteria, 327
patients were included in the study (Figure 1).
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Characteristics of Population

The mean patient age was 63 years (SD: 20.3), of which 4.6% were <18 years (n=15) and
2.8% were <1 year (1.8%). Males represented 58.1% of the sample. Baseline characteristics
are in Table 1.

Primary Outcomes: Hospital LOS

The overall mean hospital LOS was 8.1 days (SD 10.3), and appeared to increase with
higher levels of depth of prehospital sedation (Table 2). Compared to those receiving no
sedation, moderate and deep sedation was associated with an increase in LOS of 78% and
51%, respectively. Of patients who received sedatives, 58.3% were given at least one dose of
benzodiazepines, and patients who were exposed to benzodiazepines had an increase in
hospital LOS by 2.6 days (Table 2)

In the final adjusted model evaluating those receiving any sedation, an increased hospital
LOS was still observed with moderate (aRR: 1.59; 95%Cl: 1.40-1.81) and deep sedation
(aRR: 1.24; 95%Cl: 1.10-1.40) (Table 3).

Secondary Outcome: 28-Day Ventilator Free Days

Sedation was associated with an increase in ventilator-free days. A combination of opioids,
benzodiazepines, and propofol was associated with a 39% (URR: 1.22-1.57) increase in
ventilator-free days (Table 2).

Secondary Outcome: Delirium

A quarter of patients (25.7%) developed delirium during their hospital admission, of which
81% had received some level of sedation (Table 4). In the final model adjusted for potential
confounders for those receiving any sedation, there was no difference in the delirium
outcome among those receiving moderate sedation (aOR: 1.63; 95%CI: 0.67-3.96) or deep
sedation (aOR: 1.72; 95%CIl: 0.78-3.78) compared to those who were mildly sedated (Table
3).

Secondary Outcomes: Neurosurgery and ICP monitoring

Among those with a neurological indication for intubation, 35% of patients had
neurosurgery performed (Table 1). Nearly all (92.2%) of these patients had some level of
sedation, though the odds of neurosurgery did not appear to be different between those who
were given sedatives compared to those who were not. Among those receiving any
medications, the odds of neurosurgery were 2.55 (95%Cl: 1.07-6.06) times greater among
those receiving an opioid-propofol combination compared to those who did not receive this
combination (Table 4). There was no significant difference in placement of ICP monitors
associated with depth of sedation (Table 4).

Secondary Outcome: In-Hospital Mortality

In-hospital mortality was 37%, and approximately two-thirds of patients who died had
received sedatives. Specific medications were not significantly associated with in-hospital
mortality. In evaluating in-hospital mortality among those receiving any sedation in the final
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adjusted model, there was no association between moderate (aOR: 1.10; 95%CI: 0.47-2.58)
and deep (aOR: 0.92; 95CI: 0.43-1.97) sedation compared to those receiving mild sedation
(Table 3). There was evidence of effect modification by the level of neurological indication
for intubation between depth of sedation and in-hospital mortality (p=0.032) and the
relationship between pre-hospital sedation and in-hospital mortality are presented stratified
by neurological indication.. Within each stratum, however, there was no significant
difference between level of sedation and in-hospital mortality (Table 3).

Discussion

During air medical transport of critically ill patients, sedation and paralysis are important
interventions in providing comfort and safety for the patient, as well as safety for the air
ambulance crew [16]. Sedation in the air medical environment presents unique challenges in
comparison to the ED and ICU settings. Loud noise and vibration, frequent transfer of the
patient (i.e. from transferring hospital to helicopter to receiving hospital), and limited space
to exam the patient are just a few of the difficulties when evaluating and managing sedation
depth of the patient. Data, though, are increasingly finding that sedation influences long-
term outcomes. A recent multicenter, prospective cohort study by Fuller et. al demonstrated
association between sedation practices and long-term clinical outcomes [10]. Our objective
for this study was to test the hypothesis that deep sedation in the prehospital setting is
associated with poor outcomes.

Our most significant finding may be the association between depth of sedation and our
primary outcome of LOS. When compared to patients who had no sedation, those receiving
mild, moderate, and deep sedation experienced an increase in hospital LOS of 14%, 78%,
and 51%, respectively. Additionally, among all patients who received at least one sedative
medication, moderate sedation (RASS score = —3) and deep sedation (RASS score = —4)
were associated with an increase in LOS of 59% and 24%, respectively. While this finding
could be related to severity of illness, it could also be related to the lingering effect of
prehospital medications.

In addition to the effect of depth of sedation on hospital LOS, benzodiazepines specifically
were associated with an increased hospital LOS of 2.6 days. This finding was significant,
albeit not surprising, as the toxicity and risks of benzodiazepines are well documented [4,
17, 18]. While benzodiazepines are certainly warranted in certain emergency situations, a
36% increase of time in the hospital points toward a need for caution when considering this
class of drugs, especially considering the frequency of administration seen in our study. The
high frequency of benzodiazepine usage (and the high variability of sedatives used in
general) may be related to lack of sedation protocols in air medical programs.

While previous studies have shown an association between depth of sedation and delirium in
the ICU and ED setting, our data showed no such association in the pre-hospital setting.

Additionally, no specific sedative or paralytic medications were associated with increased
risk of delirium. These findings could indicate that medication selection and depth of
sedation during the short time period of air medical transport plays less of a role in the
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development of delirium as compared to patients who stay much longer periods in the ED or
ICU setting.

Interestingly, patients receiving no sedative medications had an increased risk of in-hospital
death compared to those who were sedated to any depth. This is likely due to certain patients
with severe neurological conditions not requiring sedation, rather than a true cause-and-
effect. Furthermore, even when patients were stratified by indication for intubation
(neurological vs non-neurological), there was no association between mortality and depth of
sedation within each stratum. The other secondary outcomes of neurosurgery and ICP
monitoring were not associated with depth of sedation or medications.

While our study focused primarily on the consequences of deep sedation, the risk of
undersedation should not be ignored. Patients who are not sedated adequately are at risk for
extreme discomfort and distress due to increased awareness of external and internal stimuli.
This adverse reaction could lead to agitation and increased blood pressure, worsening their
medical condition, especially in the situations of a severe head injury or hemorrhagic stroke.
Additionally, agitation caused by undersedation places the patient at higher risk of self-
extubation and removal of IVs/tubes/lines, which can be precarious in the tight quarters of
air ambulances. While our study suggests risks of deep sedation, a measured approach
should be taken in reducing the amount of sedatives administered.

Our study has several limitations. Medications given at the receiving hospital (i.e. in the ED
or ICU) were not factored into the final analyses due to limited resources and time, though
this should be considered in future studies due to its possibility as a significant confounder.
As a retrospective cohort study, our study is limited by documentation in the medical chart.
We selected objective exposures (drug dosing) and outcomes (mortality, LOS) to limit the
effect of ascertainment bias, but this was difficult in the assessment of delirium. Notation of
delirium in patients’ charts was sporadic, which is consistent with prior reports [5]. RASS
scores were not consistently noted, so our subjective assessment from the prehospital or
inpatient record was the most appropriate substitute. This assessment could have under-
reported delirium, however. This inconsistent RASS notation also made it challenging to
account for sedation depth in the setting of neuromuscular blockade, creating the possibility
of categorizing medically paralyzed patients as deeply sedated, when in fact they were not.
Additionally, the three ambulance services in our study all used RASS scores exclusively to
measure sedation, so there was no opportunity to use a different sedation scale (such as the
RAMSAY scale). Finally, while an APACHE-II score was calculated for all patients, it was
not feasible to incorporate these data into the results. Future studies would ideally further
account for severity of illness [19].

Conclusions

In this study, prehospital moderate and deep sedation is associated with increased hospital
LOS. Sedation was not associated with increased in-hospital mortality or incidence of
delirium. Prehospital benzodiazepine administration is associated with longer hospital stays
by more than 2 days. These findings point toward the risks of moderate to deep sedation, as
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well as benzodiazepine administration, leading to increased LOS. Our findings suggest that
there is important need for further validation in other systems of sedation practices in the
pre-hospital setting, especially because data from ED and inpatient cohorts may not apply to
prehospital environment.
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Stratified Random Sample:
1,973 records

Excluded:
-- 498 records with no transfer
notes

-- 1148 records of non-
mechanically ventilated
patients

Records used for
research
N= 327

Figure 1.
Patient Inclusion Flow Diagram
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Table 1.
Demographic and Clinical Characteristics of Patient Population on Mechanical Ventilation during Air
1
Transport
Delirium p- Neurosur p- ICP p- p-
Overall (n=84) 2 3 2 3 2 Death 2
(n=327) value gery value Monitor value (n=121) value
Characteristic (n=64) (n=35)
Age- Median 63 (47- 61 (44— 0.499 59 (49- 0.001 54 (45— 0.001 66 (59- <0.001
(IQR) 74) 74) 69) 66) 79)
Sex - n (%)
Male 190 | (58.1) | 49 | (58.3) 33 | (51.6) 20 | (57.1) 70 | (57.9)
0.961 0.354 0.902 0.934
Female 137 | (41.9) | 35 | (417) 31 | (48.4) 15 | (42.9) 51 | (42.2)
Race-n (%)
wiicasian/ | 282 | (g6.3) | 77 | (91.7) 51 | (79.7) 28 | (80.0) 103 [ g5.1)
ite
African 16 (3.6) (9.4) (3.3)
American/ @9 | 3 0.230 [ g 0337 f 5 | @7 | 0688 [ 4 0.273
Black
Other 29 | 89 | 4 | 49 7 | (10.9) 5 | (143) 14 | (16)
Insurance- n
(%)
Medicaid 63 | (19.3) | 24 | (2856) 10 | (15.6) 8 | (229 13 | (10.7)
Medicare 164 | (50.2) | 40 | (47.6) 27 | (42.2) 13 | 37.0) 82 | (67.8)
Self-pay 20 | 61| 4 | @8 | 0139 | 4 | (6.3) | 0.021 2 (5.7) 0.022 7 (5.8) | <0.001
Private 66 | (202) | 13 | (1555) 20 | (31.3) 12 | (343) 15 | (12.9)
Other 14 | @3 | 3 | 36) 3 | @n 0 (0.0) 4 | 33
Helicopter
Service
Aircare 145 | (443) | 38 | (45.2) 27 | 422) 14 | (40.0) 54 | (44.6)
0.736 0.394 0.283 0.455
Lifeguard 76 | 232) | 17 | (202 19 | (29.7) 12 | (34.3) 32 | (26.4)
Medforce 106 | (32.4) | 29 | (34.5) 18 | (28.1) 9 | @5.7) 35 | (28.9)
Co-
Morbidities -
n (%)
Coronary 69 | LY [ g | ©5 | 0003 | ;5 | (203) | 0.493 6 | @71 | 0343 [ 34 | (281) | 0018
Avrtery Disease
Congestive 29 (6.0) | 0.276 4.7 | 0.069 0.109 | 15 | (12.4) | 0.085
Heart Failure (8.9) 5 8 1 29)
Diabetes 78 | (23.9) | 17 | (20.2) | 0.367 13 | (20.3) | 0.298 5 (14.3) 0.108 | 30 | (24.8) | 0.789
Stroke 42 | @28 | 6 | (71 | 0070 | 9 | a1) | 0329 (7.1) | 0905 | 24 | (19.8) | 0.004
Dementia 11 | B4 | 1| @2 | 0301 | 1 | @6 | 0179 | 1 (29 | 0636 | 8 | (66) | 0.022
TBI 5 | (15) 2 | @4 | 0273 | 0 | (0O ek 0 (0.0) ek 1 (0.8) | 0.655
Pneumonia 15 | (4.6) 3 (3.6) 0.768 0 (0.0 i 0 0.0 halad 4 (3.3) 0.585
COPD 53 | 162) | 17 | 202) | 0245 | 3 | (47) | 0.038 0 (0.0) ek 22 | (18.2) | 0458
Other
Psychiatric 73 | @23)| 29 | 345) | 0002 | 12 | (188) | 0859 | 4 | (11.4) | 0183 | 14 | (11.6) | <0.001
Disorder
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Delirium p- Neurosur p- ICP p- p-
Overall (n=84) 2 3 2 3 2 Death 2
o (n=327) value’ gery value Monitor value (n=121) value

Characteristic (n=64) (n=35)

Neurosurgery | 70 | (21.4) | 19 | (22.6) | 0.753 | *** | x=* ek 35 | (100.0) | <0.001 | 18 | (14.9) | 0.027

ICP *kk

Monitoring 39 | 119) | 11 | @31) | 0702 | 35 | (54.7) | <0.001 ok oxk 10 | 83) | 0.012

RASS Score,

Prehospital 3
Awake 40 | (122) | 10 | (11.9) 4 | (6.3) 2 (5.7) 6 (5.0)

Light/ 19 (7.1) (82.8) (11.4) (4.1)

Moderately (5.8) 6 53 4 5

Sedated 0.835 0.099 0.282 0.004
Heavil 267 109

Sedaetz‘é' Y 617 | 68 | 81.0) 7 | @o9) 29 | (829) (90.1)

RASS Score, (0.0)

ED3
Awake 18 | 55 | 5 | 6.0 2 | 6 1 (2.9) 2 (1.7)

Light/ 32 (8.3) 0.867 (9.4) 0.662 0.917 (5.0 0.003

Moderately (9.8) 7 6 3 (8.6) 6

Sedated
Heavil 275 112

v (8a1) | 71 | (845) 56 | (87.5) 31 | (886) (92.6)

Vital Signs-

Median (IQR)

DiastolicBP | 73 [ (62— [ 70 | (61- | 0517 [ oo | (69- | 0011 | 83 [ (76- | 0.020 | 74 | (60- | 0581

(mmHg) 89) 90) 97) 96) 90)

Systolic BP (107- (103- (118- (118 (107-

(mmHg) 127 148) 125 143) 0.313 134 153) 0.844 134 152) 0.740 132 154) 0.334
GCS 3 136 | 3| @6 | 025 | 3 | (36| 0252 3 @3-7 | o112 3 | 34) | 0013
Heart Rate (71- (73— (64— (61— (70—

(bpm) 85 100) 82 98) 0.861 78 95) 0.151 77 94) 0.076 85 100) 0.541
Respiratory 18 (16— 18 (16— 0.093 18 (16— 0.680 18 (16— 0.955 18 (16— 0.989

Rate 20) 20) 20) 20) 21)

Sp02 (%) (96— (96— (96— (95— (96—
98 100) 98 100) 0.882 99 100) 0.759 99 100) 0.611 98 100) 0.257

Ventilator

Settings -

Median (IQR)

Fi02 60 (40- 50 (40- 0.367 50 (40- 0.167 50 (40- 0.674 60 (50- 0.695
100) 98) 78) 100) 80)
Mode 1 @2 | 1] @2 | 0924 1 | (-2 | 0.306 1 -2) | o.109 1 | @1 | oo14
PEEP 50 | (5-6) 5 (5-6) | 0.493 5 (5-6) | 0.117 5 (5-6) 0.414 5 (5-6) | 0.823
Tidal (440- (440- (450- (450- (425-
volume 500 500) 500 500) 0.570 | 500 550) 0.411 500 550) 0.645 500 500) 0.419

lAbbreviations. Unadjusted risk ratio (URR); Standard deviation (SD); Traumatic Brain Injury (TBI); Chronic Obstructive Pulmonary Disease
(COPD); Intracranial Pressure (ICP) 2

P value comparisons comparing each demographic characteristic by presence or absence of outcome. Wilcoxon rank sum test continuous

variables, and Fisher exact (cells <5) or X2 (cells =5) for categorical variables

Among those with a neurological indication for intubation only

Prehosp Emerg Care. Author manuscript; available in PMC 2021 November 01.




1duosnuepy Joyiny 1duosnue Joyiny 1duosnuepy Joyiny

1duosnue Joyiny

George et al.

4Heavi|y sedated (RASS values -5, —4), light/moderately sedated (-3, —1), and awake (-1,0, 1, 2, 3, 4).
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Table 2.
Association between Medications Administered in Flight and Hospital Length of Stay and Ventilator-Free
1
Days
M edication Hospital L ength-of-Stay 28-Day Ventilator-Free Days
Characteristic |\ eqn (SD) URR 95%CI | Mean | (SD) uRR 95%Cl
Deptd of Sedation
None 5.8 (7.7) Ref 9.7 (12.5) Ref
Mild 6.6 7.3) 114 095~ | 178 | (2D 1.83 1.66-2.02
Moderate 10.4 (16.0) 178 ey Bl ) 1.69 1.53-1.86
Deep 8.8 8.4) 151 U (11.9) 1.85 1.69-2.01
Exposed Unexposed Exposed Unexposed
Medication”
Mean | (SD) | Mean | (SD) | uRR | 95%CI | Mean | (SD) | Mean | (SD) | uRR | 95%cCI
95 (12. 22 (6.9 | 136 18.2 | (11.6) | 16.5 | (12.6) | 1.11 1.04-
Benzodiazepines ' 9) ' 1.17
10.7 | (0. g5 | (10.9) [ 125 1.10- 20.4 | (10.7) | 17.2 | (12.1) | 119 1.08-
Ketamine 1) ' 1.42 1.30
86 (9.9) g9 | @21 [097 | o089 17.8 | 11.9) | 17.1 | 12.2) | 104 0.98-
Opioids : ' 1.05 1.10
86 (7.9) sg | @19 [o098 [ 090- 18.1 | 11.9) | 17.2 | @2.1) | 105 0.98-
Propofol ) ) 1.08 1.12
8.3 (8.4) g9 | @13 [o093 [ o83 17.1 | (12.5) | 15.6 | (11.9) | 097 0.90-
Sedative Hypnotic ) ’ 1.04 1.05
Paralytics
0.1 | (2. g5 | (10.6) [ 118 1.05- 18.5 | 11.8) | 17.3 | 12.1) | 107 0.99-
Short Acting 2) ) 1.32 1.16
Intermediate 0.3 (14. 85 (89 | 110 1.01- 17.8 | a1.8) | 17.3 | (12.1) | 103 0.97-
Acting : 0) : 1.20 1.10
Combinations
Opioids, (11. 1.09- 1.01-
Benzodiazepine s 9.8 3 82 | (10.6) | 1.19 129 18.4 | 11.7) | 17.0 | (12.2) | 108 115
Opioids, 9.3 (8.5) g7 | @2 [ 107 | 095 19.9 | 10.9) | 17.0 | 12.2) | 127 1.08-
Propofol : ' 1.20 1.26
Opioids, 0.79- 122
Benzodiazepines 8.5 (6.2) 8.8 (11.0) | 098 ) 23.8 (8.2 17.2 | (12.1) | 1.39 )
Propofol 1.20 1.57

lAbbreviations. Unadjusted risk ratio (URR); Standard deviation (SD);

2 . . .
Numbers and percentages presented are for those who received any sedation (mild, moderate, or deep) only.
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Table 3.

Final Adjusted Multivariable Models for Delirium, Death, and Hospital Length of Stayl

Death
5 Hospital Length of
Clinical Delirium Intubation Indication - Intubation Indication - Stayz
Characteristic and 2 2
Presentation Neuro Only Non-Neuro Only
a0RS | 95%ClI a0RrR? 95%Cl 20R% 95%Cl aRR® 95%Cl
Pre-hospital RASS
(Ref = Awake/Alert)
Moderately Sedated 177 | 0.48-6.53 155 0.23-10.41 0.89 0.07-12.17 135 1.12-1.62
Heavily Sedated 139 | 0.60-3.24 240 0.59-9.82 149 0.33-6.62 091 0.81-1.02
Sedation (Ref = Mild)
Moderate 163 | 0.67-3.96 165 0.60-4.58 033 0.05-2.07 159 1.40-1.81
Deep 172 | 0.78-3.78 117 0.46-2.99 059 0.16-2.16 124 1.10-1.40

Abbreviations: aOR = adjusted odds ratio; aRR = adjusted relative risk
2 . . .
Among those receiving any sedation (mild, moderate, or deep) only.

Adjusted for pre-hospital RASS, level of sedation, neurological indication for intubation, coronary artery disease, and other psychiatric co-
morbidities. N= 259 observations in model.

Adjusted for pre-hospital RASS, level of sedation, age, and other psychiatric co-morbidities. N=160 observations in model with neurological
indicator for intubation, N=99 in model with non-neurological indicator for intubation.

Adjusted for pre-hospital RASS, level of sedation, age, insurance, and history of coronary artery disease, congestive heart failure, chronic
obstructive pulmonary disease, other psychiatric comorbidities, stroke, and traumatic brain injury. N=259 observations in model.
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Association between Medications Administered in Flight and Delirium, Performing Neurosurgery, ICP

Monitoring, and Death

Table 4.

. L Delirium Neurosurgery:L
Depth of Sedation and Medications
n % uOR 95%Cl n % uOR 95%Cl
Depth of Sedation
None 16 | (19.0) Ref 51 (7.8) Ref
Mild 11 | (13.1) | 0.80 0.34-1.89 | 13 | (20.3) | 2.48 0.75-8.22
Moderate 19 | (22.6) | 1.24 0.57-2.67 | 14 | (21.9) | 1.75 0.55-5.61
Deep 38 | 45.2) | 1.29 | 0.66-253 | 32 | (50.0) | 2.67 | 0.91-7.83
M edicati0n52
Benzodiazepines 43 | (63.2) | 1.32 0.75-2.34 | 32 | (54.2) | 0.69 0.34-1.32
Ketamine 8 | (11.8) | 1.37 0.56-3.32 6 | (10.2) | 2.75 | 0.74-10.16
Opioids 39 | 57.4) | 0.95 | 054-1.66 | 35 | (59.3) | 1.08 | 0.56-2.08
Propofol 22 | 32.4) | 121 | 067-221 | 23 | (39.0) | 159 | 0.81-3.12
Sedative Hypnotic 9] (132 | 060 | 027-130 | 9| (15.3) | 0.65 | 0.28-1.52
Paralytics
Short Acting 8| @8 | 075 | 0.32-172 | 6| (10.2) | 049 | 0.18-1.30
Intermediate Acting 19 | 27.9) | 0.72 | 039-1.32 | 15 | (25.4) | 059 | 0.29-1.20
Combinations
Opioids + Benzodiazepines 27 | (39.7) | 1.40 0.79-2.49 | 18 | (30.5) | 0.64 0.33-1.27
Opioids + Propofol 8 | (11.8) | 0.75 | 0.32-1.72 | 14 | (23.7) | 2.55 1.07-6.06
Opioids + Benzodiazepines + Propofol 21 (29 0.61 0.13-2.91 4| (6.8) 2.38 0.51-11.0
Depth of Sedation and M edications icp Monitoringl peat
n % uOR 95%Cl n % uOR 95%Cl
Depth of Sedation
None 4 | (11.4) Ref 41 | (33.9) Ref
Mild 71 (20.0) | 1.36 0.35-5.27 | 17 | (14.0) | 0.29 0.14-0.61
Moderate 51 (14.3) | 0.64 0.16-2.64 | 24 | (19.8) | 0.35 0.18-0.70
Deep 19 | (54.3) | 1.64 | 050-5.36 | 39 | (32.2) | 0.27 | 0.15-0.50
M edicati0n52
Benzodiazepines 16 | (51.6) | 065 | 0.30-1.44 | 41 | (51.3) | 0.66 | 0.38-1.12
Ketamine 51 (16.1) | 477 | 1.29-17.67 51 (6.3) 0.53 0.19-1.47
Opioids 22 | (71.0) | 2.00 | 0.85-4.67 | 45 | (56.3) | 0.89 | 0.52-1.51
Propofol 14 | 45.2) | 1.97 | 0.88-4.40 | 22 | (275) | 0.88 | 0.49-1.58
Sedative Hypnotic 4| @29 | 056 | 018-1.74 | 16 | (20.0) | 1.15 | 0.59-2.24
Paralytics
Short Acting 2| 65) | 032 | 0.07-1.43 | 10 | (125) | 0.80 | 0.70-1.75
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Delirium Neurosurgeryl
Depth of Sedation and Medications
n % uoOR 95%Cl n % uoOR 95%Cl
Intermediate Acting 9| (29.0) | 0.82 | 0.35-1.93 | 25 | (31.3) | 0.88 | 0.50-1.55
Combinations
Opioids + Benzodiazepines 10 | (32.3) | 0.79 0.34-1.79 8 | (10.0) | 0.77 0.44-1.36
Opioids + Propofol 10 | (32.3) | 362 | 1.43-9.13 | 24 | (30.0) | 0.58 | 0.25-1.32
Opioids + Benzodiazepines + Propofol 2| (6.5) 171 0.32-9.26 1] 13 0.21 0.03-1.70

Among those with a neurological indication for intubation only

2 ) I .
Numbers and percentages presented are for those who received any sedation (mild, moderate, or deep) only.
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