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In the ICU

e Cardiovascular,
respiratory,
neurological
conditions

e Emergency room,
surgical procedures

e Constant, close care
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Sedation

e |nvasive ventilation can
be very uncomfortable

e Sedation can reduce
anxiety, improve
tolerance of invasive
ventilation

e Some choices better than
others, too much can be
bad
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Design

Exposure 1

Race/ethnicity: Asian, Black,

Hispanic, white

Exposure 2

Sex: male, female

Outcome(s)

Dose of sedation: Propofol,
benzodiazepines

Cohort Study




Medical Information Mart for Intensive Care (IV)
Age

25%  50%  75%
BIDMC

2008 2019

<55 <65 <75

*from eligible patients in our cohort
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Gender Excluded (n = 0)

Race/Ethnicity Excluded (n = 10748)

Did Not Receive Invasive Ventilation (n = 40772)

Invasive Ventilation <= 24h (n = 10767)

Tracheostomy (n = 44)

Negative Death Offset (Brain Death) (n = 169)
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Multilevel modeling

I =level 1 (time) —
J = level 2 (patient stay) \/Ij aj * /3 JXU " g’j

Outcome (propofol dose)
for time interval i and
patient stay j

Value of predictor
variable for patient stay
and time interval i
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Multilevel modeling

i = level 1 (time) — ( + + /)) +
j = level 2 (patient stay) yU r \/J JXU 8ij
Average intercept Deviation from intercept to

over population account for patient stay
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Multilevel modeling

I =level 1 (time) —
J = level 2 (patient stay) ylj ai T /)) jXU " gU

Slope for predictor
Value of predictor

variable for patient stay
and time interval i




Multilevel modeling

i =levell(time) —
Jj =level 2 (patient stay) yU ai + (}} + U)XU + E

Deviation from average
slope to account for
patient stay j

Average slope over
population

*not actually in our model




Multilevel modeling \

i =level1(time) y = .+ /3X + g
J J

j = level 2 (patient stay) U U
\ Residual for that

particular data
point
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Covariates

Baseline

Age
Height
Weight
History of dementia
History of TBI
Substance use disorder
ICU admission type
English fluency
Insurance type
Year of admission

Time-Varying

Amount of sedative administered
in previous time interval
Blood pressure
FiO2
SpO2
Neuromuscular blocker
PaO2
PaCO2
heart rate
respiratory rate
GCS
intravenous opioids
intravenous vasopressors

)



(irne_imerval * propofol_outcome_quantile * age * height * heart_rate * pao2 * paco2 s

1 30003598 0 5 64 183 0.29502026 1.48428383 -0.50962732

2 30003598 1S 64 183 0.77824806 1.48428383 -0.50962732

3 30003598 2 4 64 183 0.68535742 0.41706524 -0.28523835

4 30003598 31 64 183 0.86940232 0.41706524 -0.28523835

5 30003598 4 1 64 183 1.46381155 0.20934127 -0.17743528

6 30004018 01 56 152 0.19235098 1.40543267 0.50767622

7 30004018 Lo 56 152 0.34555555 0.33605929 1.01649854

8 30004018 74 |l 56 152 2.16964661 -0.60462390 0.50767622

9 30004018 31" 56 152 0.54261715 -0.85822688 0.59693095
10 30004018 4 1 56 152 0.86940232 -0.85822688 0.59693095
11 30004018 Sl 56 152 0.19235098 -0.85822688 0.59693095
12 30004018 6 1 56 152 0.49409325 -0.85822688 0.59693095
13 30004018 7201 56 152 0.59066297 -0.85822688 0.59693095
14 30004018 8 1 56 152 0.19235098 -0.34734957 0.03011722
15 30004018 G 56 152 0.63824004 -0.34734957 0.03011722
16 30004018 10 1 56 152 0.54261715 -0.34734957 0.03011722
17 30004018 e al 56 152 0.34555555 -0.34734957 0.03011722
18 30004018 1231 56 152 0.68535742 -0.34734957 0.03011722
19 30004018 13001 56 152 1.00301646 -0.34734957 0.03011722
20 30004018 14 1 56 152 0.91434836 -0.34734957 0.03011722
21 30004018 1501 56 152 0.54261715 -0.34734957 0.03011722
22 30004018 16 1 56 152 0.29502026 -0.34734957 0.03011722
23 30004018 17801 56 152 0.29502026 -0.34734957 0.03011722
24 30004018 18 1 56 152 0.44508167 -0.34734957 0.03011722
25 30004018 1981 56 152 0.39557251 -0.34734957 0.03011722
26 30004018 20 1 56 152 0.44508167 -0.34734957 0.03011722
27 30004018 21901 56 152 0.59066297 -0.34734957 0.03011722
28 30004018 22901 56 152 0.82403817 -0.34734957 0.03011722
29 30004018 23901 56 152 0.86940232 -0.34734957 0.03011722
30 30004018 24 1 56 152 1.42367461 -0.34734957 0.03011722
31 30004018 2500 56 152 1.42367461 -0.34734957 0.03011722
32 30004018 26 1 56 152 1.09010111 -0.34734957 0.03011722
33 30004018 2701 56 152 0.82403817 -0.34734957 0.03011722



Is!ay_id :Ilime_imerval * propofol_outcome_quantile * age * height * heart_rate * pao2 * paco2 s

1130003598 0 5 64 183 0.29502026 1.48428383 -0.50962732

2 130003598 1S 64 183 0.77824806 1.48428383 -0.50962732

3 130003598 2 4 64 183 0.68535742 0.41706524 -0.28523835

4 130003598 31 64 183 0.86940232 0.41706524 -0.28523835

5130003598 4 1 64 183 1.46381155 0.20934127 -0.17743528

6 30004018 01 56 152 0.19235098 1.40543267 0.50767622

7 30004018 Lo 56 152 0.34555555 0.33605929 1.01649854

8 30004018 74 |l 56 152 2.16964661 -0.60462390 0.50767622

9 30004018 31" 56 152 0.54261715 -0.85822688 0.59693095
10 30004018 4 1 56 152 0.86940232 -0.85822688 0.59693095
11 30004018 Sl 56 152 0.19235098 -0.85822688 0.59693095
12 30004018 6 1 56 152 0.49409325 -0.85822688 0.59693095
13 30004018 7201 56 152 0.59066297 -0.85822688 0.59693095
14 30004018 8 1 56 152 0.19235098 -0.34734957 0.03011722
15 30004018 G 56 152 0.63824004 -0.34734957 0.03011722
16 30004018 10 1 56 152 0.54261715 -0.34734957 0.03011722
17 30004018 e al 56 152 0.34555555 -0.34734957 0.03011722
18 30004018 1231 56 152 0.68535742 -0.34734957 0.03011722
19 30004018 13001 56 152 1.00301646 -0.34734957 0.03011722
20 30004018 14 1 56 152 0.91434836 -0.34734957 0.03011722
21 30004018 1501 56 152 0.54261715 -0.34734957 0.03011722
22 30004018 16 1 56 152 0.29502026 -0.34734957 0.03011722
23 30004018 17801 56 152 0.29502026 -0.34734957 0.03011722
24 30004018 18 1 56 152 0.44508167 -0.34734957 0.03011722
25 30004018 1981 56 152 0.39557251 -0.34734957 0.03011722
26 30004018 20 1 56 152 0.44508167 -0.34734957 0.03011722
27 30004018 21901 56 152 0.59066297 -0.34734957 0.03011722
28 30004018 22901 56 152 0.82403817 -0.34734957 0.03011722
29 30004018 23901 56 152 0.86940232 -0.34734957 0.03011722
30 30004018 24 1 56 152 1.42367461 -0.34734957 0.03011722
31 30004018 2500 56 152 1.42367461 -0.34734957 0.03011722
32 30004018 26 1 56 152 1.09010111 -0.34734957 0.03011722
33 30004018 2701 56 152 0.82403817 -0.34734957 0.03011722



Istay_id :Itime_interval * propofol_outcome_quantile * age * height * heart_rate * pao2 * paco2 s

1130003598 0N 5; 64 183 0.29502026 1.48428383 -0.50962732

2 130003598 AR5 64 183 0.77824806 1.48428383 -0.50962732

3 130003598 2 4 64 183 0.68535742 0.41706524 -0.28523835

4 130003598 3L 64 183 0.86940232 0.41706524 -0.28523835

5 130003598 4 1 64 183 1.46381155 0.20934127 -0.17743528

6 30004018 O 56 152 0.19235098 1.40543267 0.50767622

7 30004018 13 56 152 0.34555555 0.33605929 1.01649854

8 30004018 201 56 152 2.16964661 -0.60462390 0.50767622

9 30004018 25l 56 152 0.54261715 -0.85822688 0.59693095
10 30004018 4 1 56 152 0.86940232 -0.85822688 0.59693095
11 30004018 Sl 56 152 0.19235098 -0.85822688 0.59693095
12 30004018 6 1 56 152 0.49409325 -0.85822688 0.59693095
13 30004018 7 56 152 0.59066297 -0.85822688 0.59693095
14 30004018 8 1 56 152 0.19235098 -0.34734957 0.03011722
15 30004018 gaEd 56 152 0.63824004 -0.34734957 0.03011722
16 30004018 10 1 56 152 0.54261715 -0.34734957 0.03011722
17 30004018 ikl 56 152 0.34555555 -0.34734957 0.03011722
18 30004018 1231 56 152 0.68535742 -0.34734957 0.03011722
19 30004018 es 56 152 1.00301646 -0.34734957 0.03011722
20 30004018 14 1 56 152 0.91434836 -0.34734957 0.03011722
21 30004018 15301 56 152 0.54261715 -0.34734957 0.03011722
22 30004018 16 1 56 152 0.29502026 -0.34734957 0.03011722
23 30004018 17311 56 152 0.29502026 -0.34734957 0.03011722
24 30004018 18 1 56 152 0.44508167 -0.34734957 0.03011722
25 30004018 19 1 56 152 0.39557251 -0.34734957 0.03011722
26 30004018 20 1 56 152 0.44508167 -0.34734957 0.03011722
27 30004018 21901 56 152 0.59066297 -0.34734957 0.03011722
28 30004018 22311 56 152 0.82403817 -0.34734957 0.03011722
29 30004018 239 1 56 152 0.86940232 -0.34734957 0.03011722
30 30004018 24 1 56 152 1.42367461 -0.34734957 0.03011722
31 30004018 2581 56 152 1.42367461 -0.34734957 0.03011722
32 30004018 26 1 56 152 1.09010111 -0.34734957 0.03011722

33 30004018 2701 56 152 0.82403817 -0.34734957 0.03011722
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0.29502026
0.77824806
0.68535742
0.86940232
1.46381155
0.19235098
0.34555555
2.16964661
0.54261715
0.86940232
0.19235098
0.49409325
0.59066297
0.19235098
0.63824004
0.54261715
0.34555555
0.68535742
1.00301646
0.91434836
0.54261715
0.29502026
0.29502026
0.44508167
0.39557251
0.44508167
0.59066297
0.82403817
0.86940232
1.42367461
1.42367461
1.09010111
0.82403817
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-0.50962732
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0.59693095
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0.59693095
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0.03011722
0.03011722
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0.77824806
0.68535742
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stay_id * time_interval * propofol_outcome_quantile * age * height ~| heart_rate * pao2 * paco2 s

1 30003598 05 64 183 0.29502026 1.48428383 -0.50962732

2 30003598 1S 64 183 0.77824806 1.48428383 -0.50962732

3 30003598 2 4 64 183 0.68535742 0.41706524 -0.28523835

4 30003598 31 64 183 0.86940232 0.41706524 -0.28523835

5 30003598 4 1 64 183 1.46381155 0.20934127 -0.17743528

6 30004018 01 56 152 0.19235098 1.40543267 0.50767622

7 30004018 Lo 56 152 0.34555555 0.33605929 1.01649854

8 30004018 74 |l 56 152 2.16964661 -0.60462390 0.50767622

9 30004018 31" 56 152 0.54261715 -0.85822688 0.59693095
10 30004018 4 1 56 152 0.86940232 -0.85822688 0.59693095
11 30004018 5 i1 56 152 0.19235098 -0.85822688 0.59693095
12 30004018 6 1 56 152 0.49409325 -0.85822688 0.59693095
13 30004018 7201 56 152 0.59066297 -0.85822688 0.59693095
14 30004018 8 1 56 152 0.19235098 -0.34734957 0.03011722
15 30004018 G 56 152 0.63824004 -0.34734957 0.03011722
16 30004018 10 1 56 152 0.54261715 -0.34734957 0.03011722
17 30004018 e al 56 152 0.34555555 -0.34734957 0.03011722
18 30004018 1231 56 152 0.68535742 -0.34734957 0.03011722
19 30004018 13001 56 152 1.00301646 -0.34734957 0.03011722
20 30004018 14 1 56 152 0.91434836 -0.34734957 0.03011722
21 30004018 1501 56 152 0.54261715 -0.34734957 0.03011722
22 30004018 16 1 56 152 0.29502026 -0.34734957 0.03011722
23 30004018 17801 56 152 0.29502026 -0.34734957 0.03011722
24 30004018 18 1 56 152 0.44508167 -0.34734957 0.03011722
25 30004018 1981 56 152 0.39557251 -0.34734957 0.03011722
26 30004018 20 1 56 152 0.44508167 -0.34734957 0.03011722
27 30004018 21901 56 152 0.59066297 -0.34734957 0.03011722
28 30004018 22901 56 152 0.82403817 -0.34734957 0.03011722
29 30004018 23901 56 152 0.86940232 -0.34734957 0.03011722
30 30004018 24 1 56 152 1.42367461 -0.34734957 0.03011722
31 30004018 2500 56 152 1.42367461 -0.34734957 0.03011722
32 30004018 26 1 56 152 1.09010111 -0.34734957 0.03011722
33 30004018 2701 56 152 0.82403817 -0.34734957 0.03011722



stay_id * time_interval * propofol_outcome_quantile * age * height ~| heart_rate * pao2 * paco2 s

1 30003598 05 64 183 0.29502026 1.48428383 -0.50962732
2 30003598 15 64 183 | (0.77824806 )<imiR428383 -0.50962732
3| 30003598 2 4 64 183 | 0.68535742 0.41706524 -0.28529825
4 30003598 31 64 183 | 0.86940232 0.41706524 -0.28523835
5| 30003598 A 64 183 | 1.46381155 0.20934127 -0.17743528 .
6 30004018 01 56 152 | 0.19235098 1.40543267 0.50767622 transformation
7| 30004018 11 56 152 | 0.34555555 0.33605920 1.01649854
8| 30004018 21 56 152 2.16964661 £0.60462390 )°0.50767622
9' 30004018 5 56 152 0.54261715 -0.85822688 0.59693095
10 30004018 Al 56 152 0.86940232 -0.85822688 0.59693095
11 30004018 5 56 152 | 0.19235098 -0.85822688 0.59693095
12 30004018 61 56 152 0.49409325 -0.85822688 0.59693095
13 30004018 7 i 56 152 0.50066297 -0.85822688 0.59693095
14 30004018 8 1 56 152 0.19235098 -0.34734957 0.03011722
15 30004018 9 1 56 152 | 0.63824004 -0.34734957 0.03011722
16 30004018 10 1 56 152 0.54261715 -0.34734957 ( 0.03011722
17 30004018 11 1 56 152 | 0.34555555 -0.34734957 0.03011722
18 30004018 121 56 152 | 0.68535742 -0.34734957 0.03011722
19 30004018 13 1 56 152 | 1.00301646 -0.34734957 0.03011722
20 30004018 14 1 56 152 | 0.01434836 -0.34734957 0.03011722
21 30004018 15 1 56 152 | 0.54261715 -0.34734957 0.03011722
22| 30004018 16 1 56 152 | 0.29502026 -0.34734957 0.03011722
23| 30004018 i 1l 56 152 | 0.29502026 -0.34734957 0.03011722
24| 30004018 18 1 56 152 | 0.44508167 -0.34734957 0.03011722
25| 30004018 19 1 56 152 0.39557251 -0.34734957 0.03011722
26 30004018 20 1 56 152 0.44508167 -0.34734957 0.03011722
27| 30004018 21 1 56 152 | 0.59066297 -0.34734957 0.03011722
28| 30004018 7l 56 152 0.82403817 -0.34734957 0.03011722
29| 30004018 231 56 152 | 0.86940232 -0.34734957 0.03011722
30 30004018 24 1 56 152 1.42367461 -0.34734957 0.03011722
31 30004018 25l 56 152 | 142367461 -0.34734957 0.03011722
32| 30004018 26l 56 152 1.09010111 -0.34734957 0.03011722
33 30004018 271 56 152 | 0.82403817 -0.34734957 0.03011722
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model brm_multiple(propofol_outcome_quantile ~ black + asian
hispanic + female + age + weight + height + dementia
tbi + sud + english + cardiac + med_surg
admit_year + medicare + medicaid
(1 | stay_id

heart_rate + resp_rate + fio2 + spo2 + sbp + dbp

gcs + pao2 + paco2 + time_interval + propofol

dexmedetomidine + lorazepam+ opioid + vasopressor,
data=complete_data, family=cumulative(),
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data=complete_data, family=cumulative(),
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