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Abstract
Unpredicted responses to sedatives and analgesics are common in critically ill 
patients on mechanical ventilation (MV) and may be attributed to genetic vari-
ation. Our primary aim was to investigate the association between the pharma-
cogenomic (PGx) variation and sedation outcomes. The secondary aim was to 
capture intensive care unit (ICU) participants' perceptions of PGx. This was a 
prospective, observational PGx association study. Adult ICU patients receiving 
acute MV and sedatives/analgesics were enrolled. The number of altered PGx 
phenotypes in genes relevant to fentanyl, propofol, and midazolam (CYP2D6, 
CYP3A4/5, COMT, OPRM1, and CYP2B6) were tested with logistic regression for 
association with achieving ≥60% and ≥70% of time within Richmond Agitation- 
Sedation Scale (RASS) target range (0 to −2) in the first 24 and 48 h of MV. 
Participants' perceptions of PGx testing and satisfaction with the return of PGx 
results were collected. Participants (n = 78) had a median of 2 altered PGx pheno-
types. Fentanyl and propofol combination was the most frequently administered 
regimen. There were non-significant associations of worse sedation outcomes 
with an increasing number of altered PGx phenotypes (i.e., adjusted odds ratio 
of achieving target RASS range = 0.46 to 0.96 for each altered phenotype increase 
at both 24 and 48 h). Individuals participating in the post- discharge survey had 
positive perceptions toward PGx. There were no associations between sedation 
outcomes and PGx variants in the studied 6 genes. Larger studies are needed to 
investigate the impact of these genes and to evaluate additional genes. ICU par-
ticipants had positive attitudes and perceptions toward PGx.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Sedatives and analgesics are used in critically ill patients to facilitate mechanical 
ventilation (MV). Highly variable and unpredicted responses to these medications 
are observed in practice increasing the risks of poor outcomes. Pharmacogenomic 
(PGx) variation in pharmacogenes associated with pharmacokinetics and/
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INTRODUCTION

Precision medicine is a tool to improve health outcomes by 
tailoring disease prevention interventions and treatments. 
Pharmacogenomics (PGx) is one the most developed 
forms of precision medicine and matches medications 
and/or doses with each individual's genome to maximize 
effectiveness while minimizing side effects. Clinical 
practice guidelines have been systematically developed 
and are readily available from the NIH supported Clinical 
Pharmacogenomics Implementation Consortium (CPIC).1 
Currently, there are 26 published guidelines for more 
than 150 drugs and 25 genes, and they provide clinical 
recommendations for drug management in patients with 
PGx variants. Despite the growing utility of PGx, little is 
known about PGx in the intensive care unit (ICU). Use 
of PGx to guide therapy may reduce unwanted and poor 
outcomes.

Sedatives and analgesics are frequently administered 
to critically ill patients to relieve the discomfort, anx-
iety, and stress of mechanical ventilation (MV) and to 
prevent self- injury.2,3 The management of sedation is a 
major challenge in critically ill patients. Scientific evi-
dence and practice guidelines support the goal of lighter 
levels of sedation to improve ICU outcomes and length 
of stay.4–6 Deep sedation is associated with increased cog-
nitive dysfunction, delirium, and increased mortality.4,7 

The Richmond Agitation- Sedation Scale (RASS) is a 
common tool used to measure the level of sedation.5 
The scale takes into account the level of consciousness 
and motor activity and ranges from −5 (deep sedation) 
to +4 (agitated).8 The current Society of Critical Care 
Medicine guideline- driven sedation goals for most pa-
tients on MV is a RASS of 0 to −2, which corresponds to 
a lighter sedation.5 Genetic variation in pharmacogenes, 
which regulate drug metabolism and pharmacodynamic 
effects of sedative and analgesic drugs, may contribute 
to poorly controlled sedation, adverse outcomes and 
failure to efficiently achieve the RASS target. The seda-
tion depth and intensity at the early period (first 48 h) of 
MV have been shown to be risk factors for negative out-
comes such as increased mortality and delirium and de-
creased in- hospital survival. For some patients, multiple 
sedation and analgesic drug adjustments are required to 
determine the correct drug and dose that achieves opti-
mal sedation which reduces their comfort and increases 
the complexity of care.

The primary aim of this study was to develop pre-
liminary data on the association between the number 
of altered PGx phenotypes in genes relevant to sedatives 
and analgesics and sedation outcomes during MV. We 
hypothesized that patients with altered PGx phenotypes 
relevant to their sedation and analgesic regimen will 
spend less time in the target RASS during the initial 24 

or pharmacodynamics of sedatives and analgesics can help in understanding 
sources of variability in response and improve outcomes.
WHAT QUESTION DID THIS STUDY ADDRESS?
Our primary aim was to investigate how the pharmacogenomic (PGx) variation 
impacts sedation outcomes in the first 24 and 48 h of MV.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
We identified that it was feasible to obtain consent from patients in the intensive 
care unit (ICU) for PGx studies. There was a non- significant association for lower 
odds of achieving desired sedation outcomes (achieving ≥60% and 70% of time 
within the target RASS range in the first 24 and 48 h of MV) with each increase 
in the number of altered PGx phenotypes. There was also a non- significant 
association between number of altered phenotypes and time to target RASS. 
Individuals with >1 altered phenotypes had 3.5 times more ADRs than those with 
≤1 altered phenotypes (14.8% vs. 4.16%) but was not significant.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
The current study shows the feasibility and potential of PGx studies in ICU which 
will help in designing more robust studies with larger sample sizes to investigate 
the impact of PGx on sedation outcomes in critical care setting. If important PGx 
variants could be identified, it may allow for a personalized selection of sedative 
and analgesic drugs and doses at time of ICU admission.
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and 48 h on MV and achieve their first RASS in the tar-
get range later compared to patients with normal phe-
notypes. We also assessed patients' acceptability to be 
tested, perceptions and knowledge of PGx, and attitudes 
toward return of results through a PGx counseling ses-
sion after discharge.

METHODS

Study design and participants selection

This was a prospective, observational, pragmatic PGx 
association study conducted between 2018 and 2021 at 
the University of Minnesota Medical Center. Participants 
were enrolled after obtaining written and informed 
consent from either the participant, if they were able to 
pass an IRB- approved University of California, San Diego 
Brief Assessment of Capacity to Consent (UBACC) tool, 
or their legally authorized representative. Participants 
were included if admitted to the surgical ICU (SICU), 
medical ICU (MICU), or cardiovascular ICU (CVICU) 
services, receiving acute MV and sedatives and/or 
analgesics potentially associated with pharmacogenes, 
and had an order for a target RASS score of 0 to −2. 
Participants who were admitted to the ICU from surgery 
and were deeply sedated (e.g., RASS −4 to −5) were 
enrolled but their RASS scores were not included in 
the analysis until the sedation was lightened through a 
reduction in sedatives administration or dose (typically 
2–6 h after ICU admission) and had a written order for 
a target RASS score between 0 to −2. Participants were 
excluded if admitted to the ICU with head trauma or 
other neurologic events that may reduce cognition, had 
a history of or active liver disease, or undergone liver 
transplantation, substance abuse within the past year, 
receiving a neuromuscular blocker, or moribund state 
with the planned withdrawal of support. This study 
was approved by the Institutional Review Board at our 
institution (IRB STUDY# 0002189).

Sedatives and analgesics administration

Sedative and analgesic choices, dosing, and duration were 
at the discretion of the ICU team. The administration, 
start and stop times, doses, and infusion rates of the 
nine sedative and analgesic medications (fentanyl, 
propofol, midazolam, dexmedetomidine, morphine, 
hydromorphone, ketamine, lorazepam, and haloperidol) 
observed in our study participants were recorded for the 
48 h study period.

Data collection and pharmacogenomic 
testing

Demographic and clinical information was collected 
from the electronic health record. Genotyping was con-
ducted on a CLIA- certified assay using The RightMed® 
Comprehensive Test from OneOme® (Minneapolis, 
MN, USA). Six pharmacogenes (CYP2D6, CYP3A4, 
CYP3A5, CYP2B6, COMT, OPRM1) potentially associ-
ated (PharmGKB level of evidence of 3 or higher) with 
sedatives and/or analgesic medications that were ad-
ministered to at least 10% of study patients (fentanyl, 
propofol and midazolam were the only agents in more 
than 10%) were taken from this panel and studied. Genes 
previously studied for dexmedetomidine (ADRA2A and 
PRKCB) were not contained on the panel and were not 
studied. The OneOme PGx test results were not shared 
with the ICU providers and were not used for clinical de-
cision making.

More information on clinical data and DNA collec-
tion, and PGx testing are available in the Supplementary 
Material S1. A summary of pharmacogenes potentially 
associated with sedative/analgesics medications of in-
terest and PharmGKB levels of evidence are shown the 
Supplementary Material (S1) Table S1. A list of the ge-
netic variants taken from the OneOme panel and stud-
ied is presented in  the Supplementary Material (S1) 
Table S2.

Altered phenotypes

Phenotypes were assigned for each gene using the 
OneOme genotype to phenotype algorithm. Normal 
phenotypes were defined as those with wildtype/typical 
function and are defined in the Supplementary Material 
(S1) Table S3. The CYP3A5 poor metabolizer phenotype 
(CYP3A5*3/*3) was considered wildtype because it is the 
most common phenotype in Caucasians and most doses 
are based on data derived from this population.

For each studied gene, a normal phenotype was as-
signed a score of zero and an altered phenotype (regardless 
of the diplotype) was assigned 1. Then the total number of 
altered phenotypes was calculated in each participant by 
summing the number of altered phenotypes with a max-
imum of 6 (representing the 6 genes of interest) based on 
what drugs they were receiving. For example, a patient 
receiving propofol (relevant gene CYP2B6) and midaz-
olam (relevant genes CYP3A4, CYP3A5) with an altered 
CYP2B6 and CYP3A5 phenotype was assigned a total 
number of altered phenotypes of two. A patient receiving 
only fentanyl (relevant genes CYP3A4, CYP3A5, CYP2D6, 
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COMT, and OPRM1) with an altered CYP2D6, COMT, and 
OPRM1 phenotype, and normal for CYP3A4 and CYP3A5 
would have been assigned a total number of altered phe-
notypes of three.

Endpoints

The primary endpoint was achieving ≥60 and 70% of time 
within the target RASS range (0 to −2) in both the first 
24 and 48 h of MV. RASS was clinically determined by 
the ICU nurses and documented in most all cases every 
2 h. The linear interpolation method was used to estimate 
missing RASS scores.9 For each participant, an overall 
percentage of time within the target RASS range in both 
the first 24 and 48 h of MV was calculated by dividing the 
number of RASS measurements in the target RASS range 
(0 to −2) by the total number of RASS measurements 
within that same period of time, and multiplied by 100. 
Because sedative and analgesic drugs and doses change 
over time, the primary PGx association analyses focused 
on % of time the RASS measurement was in target range 
but only during the periods of time when the patient was 
receiving propofol, fentanyl and/or midazolam (e.g., a pa-
tient may have received propofol and fentanyl for 20 h of 
the first 24- h period and only the RASS measurements in 
those 20 h were analyzed representing the 24 h analysis). 
Supplementary Material (S1) Figure S1 represents a sche-
matic diagram of the method used in calculating the per-
centage within the target range.

Other endpoints evaluated were time to first RASS in 
the target range defined as hours from the time of intuba-
tion to first RASS measurement in the target range, and 
adverse drug reactions (ADR) such as delirium or central 
nervous system changes associated with the sedative regi-
men and documented in nursing or provider notes which 
resulted in the drug(s) being discontinued.

Statistical analysis

Descriptive statistics such as mean and standard deviation 
(SD) were determined for continuous variables and 
frequency and percentages for categorical variables. 
To account for possible dose effects on the endpoints, 
total cumulative weight normalized doses for fentanyl, 
propofol, dexmedetomidine, and midazolam were 
calculated for each patient over 24 and 48 h and then 
stratified by the median into high dose, low dose, or none, 
if not receiving the agent. Given the rapid onset of action 
and short duration of action of the studied sedatives and 
analgesics, the cumulative doses in the first 24 and 48 h 
were used to represent the dose effect. Multivariate logistic 

regressions were performed to determine the association 
between the number of altered PGx phenotypes and 
achieving ≥60% and ≥70% of time within the target RASS 
range of 0 to −2 over both the first 24 and 48 h. Because 
the number of altered PGx phenotypes was normally 
distributed and equally spaced, it was tested first as a 
continuous independent variable in the logistic regression 
due to the ease of results interpretation when ordinal data 
is treated as continuous. We also tested the number of 
altered phenotypes as a categorical variable after grouping 
the number of altered phenotypes as following: reference 
group (0 to 1 altered phenotype), group 1 (2 to 3 altered 
phenotypes) and group 2 (4 to 5 altered phenotypes).

Kaplan–Meier plot and log- rank test were used to as-
sess the association of time to first RASS within the target 
range with a number of altered phenotypes as a categori-
cal variable (≤1 and >1 altered phenotypes). COX propor-
tional hazard (PH) model was used to test the association 
of number of altered phenotypes as a categorical variable 
(≤1 and >1 altered phenotypes) with the event of achiev-
ing the first RASS in the target range allowing adjustment 
for clinical factors and characteristics. Clinical character-
istics and factors such as age, sex, creatinine clearance, 
ICU unit, baseline RASS score, and cumulative weight 
normalized doses (high, low, or none) of fentanyl, propo-
fol, dexmedetomidine, and midazolam were considered 
a priori as covariates and adjusted for in the logistic re-
gression and COX PH models. Type of ICU and entering 
the ICU post- surgery were highly correlated (Chi- square 
test, p < 0.01) therefore only ICU unit was included as a 
covariate to avoid collinearity. The adjusted odds ratio and 
adjusted hazard ratio (HR) with 95% confidence intervals 
(CI) were used to report the logistic regression and COX 
PH model associations. Fisher exact test was used to deter-
mine the association between ADRs and the number of al-
tered phenotypes (categorized as ≤1 vs. >1). P- value <0.05 
was considered statistically significant. All analyses were 
conducted using R software (Vienna, Austria). R packages 
used in the analysis are reported in the Supplementary 
Material S1.

Return of PGx results and participants 
perceptions

Participants or their legally authorized representatives 
were asked, at the time of consent, if they would like to 
receive educational information about PGx, test results 
and to review them with one of the study pharmacists 
(DJS and JL) after discharge from the hospital. If yes, a 
phone call was scheduled and test results were mailed to 
the participant. The participants completed a 12- question, 
IRB- approved questionnaire to assess the participant's 
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knowledge of PGx, satisfaction at the time of return of 
results, and plans to share their results with others (full 
questionnaire is available in Supplementary Material S2).

RESULTS

Participant characteristics

ICU admissions were screened (except during the 
COVID- 19 shutdown) and 86 participants were enrolled. 
Eight were excluded from the analysis (exclusion reasons 
are shown in Supplementary Material (S1) Table S4) leav-
ing 78 patients. The demographic and baseline charac-
teristics are presented in Table 1. The average age of the 
participants was 58 years, and the majority (92%) were 
Caucasian. Males and females were almost equally rep-
resented. The CVICU had the highest number of partici-
pants (41%) compared to MICU and SICU with 32.1% and 

26.9%, respectively. Thirty- seven participants (47%) were 
admitted to the ICU after a surgical procedure. The 78 
patients had 1673 RASS measurements with 1447 meas-
urements (86%) occurring when propofol, fentanyl, and/
or midazolam were administered. Fentanyl and propofol 
combination was the most frequently administered regi-
men (Supplementary Material (S1) Figure S2).

The overall percentage of time in the target RASS range 
was highly variable (range 0 to 100%) among our popu-
lation (Figure  1). The median percentage of time in the 
target RASS range was low; 25% in the first 24 h and 37% 
at 48 h. The number of individuals with an altered phe-
notype for COMT (n = 63, 80.1%), CYP2D6 (n = 47, 60.3%), 
and CYP2B6 (n = 42, 53.8%) was high (Figure 2).

The median time a patient was receiving one or more 
sedative/analgesics (fentanyl, propofol, and/or midaz-
olam) with a potentially relevant PGx gene was 24 h [in-
terquartile range (IQR) = 22, 24] and 40 h [IQR = 30, 46] 
in the first 24 and 48 h of MV, respectively. There was a 
median of 2 altered phenotypes per patient that were po-
tentially relevant to propofol, fentanyl, and/or midazolam 
in the first 24 and 48 h. The distributions of the number 
of altered phenotypes are presented in Supplementary 
Material (S1) Figure  S3. Propofol and fentanyl were ad-
ministered in more than 80% of the patients in the 24-  and 
48- h periods. In the first 24 and 48 h of acute MV, dexme-
detomidine was only administered to approximately 45% 
and 50% of participants, respectively, and midazolam was 
used in 27% of participants. Time in target RASS range and 
the administered sedatives and analgesics are presented in 
Table 2 and Table 3 for the first 24 and 48 h, respectively.

Association with outcomes

The odds of achieving ≥60% and ≥70% of time in the de-
sired target range decreased (range of 4%–54%) with each 
one increase in the number of altered PGx phenotypes 
after adjusting for the important clinical factors, how-
ever, these associations were not statistically significant 
(Table 4). Similar non- significant trends of decreasing the 
odds of achieving target ranges in groups with a higher 
number of altered phenotypes (group 1 [2- 3 altered phe-
notypes] and group 2 [4- 5 altered phenotypes]) compared 
to the reference group (0 to 1 altered phenotype) were 
observed when the number of altered phenotypes was 
treated as a categorical variable. The results of the logistic 
regression models with the number of altered phenotypes 
as a categorical variable are reported in the Supplementary 
Material (S1) Table S5.

Participants with ≤1 altered phenotypes had a more 
rapid time to target RASS compared to those with >1 
altered phenotypes however, this was not significant 

T A B L E  1  Demographics and baseline characteristics (n = 78).

Characteristics
Summary 
statistics

Age, mean ± (SD) (years) 57.78 (±13.9)

Weight, mean ± (SD) (kg) 84.39 (±21.8)

CrCl at enrollment, mean ± (SD) (mL/min) 90.88 (±51.4)

Race, n (%) White 72 (92.3)

Other 6 (7.7)

Sex, n (%) Female 38 (48.7)

Male 40 (51.3)

ICU unit, n (%) CVICU 32 (41)

MICU 25 (32.1)

SICU 21 (26.9)

BMI, n (%) Normal or Underweighta 
(BMI <25)

24 (30.8)

Overweight (BMI between 
25 to 30)

23 (29.5)

Obese (BMI ≥30) 31 (39.7)

Admitted to ICU after surgery, n (%) 37 (47.4)

Baseline RASS measurement, median [IQR] −3.00 [−4, 
−2]

Total number of RASS measurements 1673

Total number of RASS measurements recorded 
while receiving fentanyl, propofol, and/or 
midazolam

1447

Abbreviations: BMI, body mass index; CrCl, creatinine clearance; CVICU, 
cardiovascular ICU; ICU, intensive care unit; IQR, interquartile range; 
MICU, medical ICU; PGx, pharmacogenomic; RASS, Richmond Agitation- 
sedation scale; SD, standard deviation; SICU, surgical ICU.
aOne participant was underweight and was merged with the normal weight 
group.
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(log- rank test, p = 0.3, Figure 3). The median time to first 
RASS in the target range in participants with ≤1 altered 
phenotypes (n = 24) was 5 h compared to 10 h in those 
with >1 altered phenotypes (n = 54). Similarly, in the COX 
PH model, the group with >1 altered phenotypes had 7.5% 
lower hazards of achieving the first RASS in the target 
range after adjusting for the important clinical factors, 

however, this association was not significant (HR = 0.93, 
95%CI = 0.47–1.82, p- value = 0.82).

The number of altered phenotypes was not associ-
ated with ADRs (Fisher exact, p = 0.26). One (4.16%) and 
8 (14.8%) participants developed ADRs in the ≤1 (n = 24) 
and >1 (n = 54) altered phenotype groups, respectively.

Return of PGx results and participants 
perceptions

Sixty- nine patients requested to have results returned. Nine 
died before the return of results and five declined during 
follow- up calls or emails. Eighteen participants did not re-
spond to at least six telephone calls on three different days 
over at least 3 weeks or 2 encrypted email requests to reply 
to an investigator (DJS). Results were returned to 37 partici-
pants. Investigators spent an average time of 36 min (range 
25–60 min) per patient on the return of results and answer-
ing their questions. Scores on the questionnaire after the 
return of results were high (95%) with only one participant 
missing more than 1 question. The most missed question 
(27%) was “If my test result says that I am a “poor metabo-
lizer” it means that all medications given to me will stay in 
my body longer than other people.” All participants rated 
the return of the results session as extremely interesting 
and helpful (highly satisfactory) except one participant who 
ranked the counseling as satisfactory. This participant also 
did not plan to share his individualized PGx information 

F I G U R E  1  Percentage of time within the target RASS range in the first 24 and 48 h for each participant. Each point represents a patient, 
the solid diamond represents median, and bars represent 25 and 75 percentiles. The dashed line between the points at 24 and 48 h represents 
the change in RASS over time. For each participant, a percentage of time within the target RASS range was calculated for the first 24 and 
48 h by dividing the number of measurements within the target range by the number of all available measurements then multiplied by 100. 
Plot a: represents the percentage of time in the target RASS range (0 to −2) including all RASS measurements and Plot b: represents the 
percentage of time in the target RASS range (0 to −2) including all RASS measurements when patients were administered fentanyl, propofol, 
and/or midazolam. RASS, Richmond Agitation- Sedation Scale.

F I G U R E  2  Number of participants with altered phenotypes 
in pharmacogenes associated with sedatives and analgesics. 
An altered phenotype was defined as any phenotype associated 
with genetic variants (i.e., not wild type) according to the 
OneOme genotype to phenotype algorithm. The normal/typical 
phenotype for CYP3A5 was defined as poor metabolizers carrying 
CYP3A5*3/*3 due to the high prevalence of this genetic variant in 
our study population of mostly Caucasians. A participant may be 
counted in more than one of the phenotypes.
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with his doctor; all others said they plan to share results 
with their doctor (36/37, 97%). Thirty percent of study par-
ticipants stated they would share their PGx test results with 
their pharmacist and 22% planned to share their results 
with their nurse. Plans to share their PGx information with 
their family were high with 75% of responses.

DISCUSSION

Managing sedation is difficult because individual re-
sponses to sedatives can be unpredictable and may be in-
fluenced by many factors. Pharmacogenomics may also 
impact the effectiveness of sedation and analgesia through 
modifying drug exposure and response. The application of 
PGx approaches could help in the management of criti-
cally ill.10 Conducting PGx research in the ICU is chal-
lenging due to the unstable nature of critical illness, rapid 
changes in medications, and the high medication burden 
and potential for drug interactions.11 In addition, many 
care teams are involved in patient management, and both 
patient and family are overwhelmed and unable to con-
sider research participation. There are few studies that 
have investigated the association of PGx variation on out-
comes in the ICU12 and none to report attitudes and per-
ceptions of ICU patients on PGx.

Achieving and maintaining a patient's sedation in the 
target RASS score is an important measure of the effec-
tiveness of sedation management. An ideal sedative reg-
imen reaches the target RASS quickly and maintains the 
RASS within the target range. The percentage of time in 
target RASS range is highly variable and is a main pur-
pose of sedation protocols. Clinically, data show that the 
percentage of time in target RASS range varies depending 
on the population, the specific sedation protocol used, and 
other factors. A study reported a wide range of mean time 
within target RASS (10.7%–27.6%) in the first 48 h and var-
ied based on the sedative agent selected and the body mass 
index.13 In a study by DiCesare et al.,14 which investigated 
the predictors of response to dexmedetomidine in the first 
48 h of MV, a sensitivity analysis was conducted on the op-
timal percentage of time and determined that ≥60% was 
the optimal cut- off. Therefore, we studied two cut- offs for 
the optimal percentage of time in the target RASS range 
for the first 24 and 48 h of MV of at least 60% and 70% 
within the target range.

Most critically ill patients have complex diseases and 
preexisting comorbidities and conditions that contribute to 
prolonged ICU stay and can impact outcomes and response 
to treatment. This complexity may obscure the PGx effect 
or the effect is only meaningful and observable in patients 
with the most severe phenotypes (i.e., ultrarapid or poor 

T A B L E  2  RASS and medications during the first 24 h on mechanical ventilationa.

Study period Medication profile Summary statistic

First 24 h Number of RASS measurements per participant, median [IQR] 12 [12, 12]

Time on sedatives/analgesics with a potentially relevant pharmacogene, hours median [IQR] 24 [22, 24]

Number of altered phenotypes per patient, median [IQR] 2 [1, 3]

Fentanyl weight normalized cumulative 24- h dose, median [IQR] (mcg/h/kg) 6.81 [3.8, 12.3]

Propofol weight normalized cumulative 24- h dose, median [IQR] (mcg/min/kg) 260 [162, 405]

Dexmedetomidine weight normalized cumulative 24- h dose, median [IQR] (mcg/h/kg) 3 [1.15, 4.6]

Midazolam weight normalized cumulative 24- h dose, median [IQR] (mg/kg) 0.198 [0.03, 0.34]

Fentanyl, n (%) Did not receive medication 11 (14.1)

Low weight normalized cumulative dose 33 (42.3)

High weight normalized cumulative dose 34 (43.6)

Propofol, n (%) Did not receive medication 11 (14.1)

Low weight normalized cumulative dose 33 (42.3)

High weight normalized cumulative dose 34 (43.6)

Dexmedetomidine, n (%) Did not receive medication 43 (55.1)

Low weight normalized cumulative dose 17 (21.8)

High weight normalized cumulative dose 18 (23.1)

Midazolam, n (%) Did not receive medication 60 (76.9)

Low weight normalized cumulative dose 9 (11.5)

High weight normalized cumulative dose 9 (11.5)

Abbreviations: IQR, interquartile range; RASS, Richmond Agitation- sedation scale.
aLow cumulative dose is below the median cumulative dose and high is above the median cumulative dose in the first 24 h.
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metabolizers). In addition, for efficient use of PGx results in 
the ICU setting testing must be rapidly available; this remains 
a major challenge as turnaround time is generally >48 h. The 
current evaluation and a previous study also conducted in an 
ICU showed the feasibility of obtaining consent and collect-
ing genetic information from critically ill adults.12 Most com-
monly used PGx variants are in drug metabolizing enzymes 
and may affect the pharmacokinetics of drugs. Previous 
studies in the non- ICU settings have reported pharmacoki-
netic PGx associations of fentanyl with CYP3A4/515–19 and 
CY2D619, midazolam with CYP3A4/520,21, and propofol 
with CYP2B622, but there is little data evaluating if pharma-
cokinetic changes translate into altered clinical outcomes. 
Therefore, most of these drug- gene pairs have a PharmGKB 

level of evidence (LOE) of 3 except for fentanyl and CYP3A4 
which has a LOE of 2.23–25

In the current study, we found a non- significant as-
sociation of the number of altered phenotypes with the 
study endpoints. There was a non- significant association 
for lower odds of achieving ≥60% and ≥70% RASS in the 
desired target with increasing number of altered phe-
notypes. Although numerically different, there was no 
significant difference between time to target RASS in in-
dividuals with ≤1 altered phenotypes (5 h) vs. those with 
>1 altered phenotypes (10 h). Individuals with >1 altered 
phenotypes had 3.5 times more ADRs than those with ≤1 
altered phenotypes (14.8% vs. 4.16%). It may be possible 
that the presence of altered phenotypes that change the 

T A B L E  3  RASS and medications during the first 48 h on mechanical ventilationa.

Period Medication profile Summary statistics

First 48 h Number of RASS measurements per participant, median [IQR] 24 [20, 24]

Time on sedatives/analgesics with pharmacogenes, hours median [IQR] 40 [30, 46]

Number of altered phenotypes per patient, median [IQR] 2 [1, 3]

Fentanyl weight normalized cumulative 48- h dose, median [IQR] (mcg/kg/h) 10.74 [6.35, 20]

Propofol weight normalized cumulative 48- h dose, median [IQR] (mcg/kg/min) 403.75 [218.75, 567.6]

Dexmedetomidine weight normalized cumulative 48- h dose, median [IQR] (mcg/kg/h) 4.4 [1.8, 8.28]

Midazolam weight normalized cumulative 48- h dose, median [IQR] (mg/kg) 0.32 [0.02, 0.49]

Fentanyl, n (%) Did not receive medication 8 (10.3)

Low cumulative dose 35 (44.9)

High cumulative dose 35 (44.9)

Propofol, n (%) Did not receive medication 10 (12.8)

Low cumulative dose 34 (43.6)

High cumulative dose 34 (43.6)

Dexmedetomidine, n (%) Did not receive medication 38 (48.7)

Low cumulative dose 20 (25.6)

High cumulative dose 20 (25.6)

Midazolam, n (%) Did not receive medication 57 (73.1)

Low cumulative dose 10 (12.8)

High cumulative dose 11 (14.1)

Abbreviations: IQR, interquartile range; RASS, Richmond Agitation- sedation scale.
aLow cumulative dose is below the median cumulative dose and high is above the median cumulative dose in the first 48 h.

T A B L E  4  Association between the number of altered PGx phenotypes and percentage of time in target RASS in the first 24 and 48 h.

Endpoint
Percentage of time in 
target RASS range

Number of participants 
achieving target (total n = 78)

aOR of number of altered 
phenotypes (95% CI)a p- value

24 h ≥60% 15 0.61 (0.24–1.37) 0.25

≥70% 9 0.46 (0.08–1.50) 0.27

48 h ≥60% 23 0.96 (0.48–1.89) 0.91

≥70% 15 0.52 (0.19–1.24) 0.17

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; RASS, Richmond Agitation- Sedation Scale.
aAdjusted for age, sex, ICU unit, creatinine clearance, baseline RASS measurement, and medication dose groups (high, low, and not received) based on the 
cumulative weight- adjusted dose for fentanyl, propofol, midazolam, and dexmedetomidine.
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pharmacokinetics or pharmacodynamics of sedative and 
analgesics increases the risk of ADRs but we were not able 
to demonstrate a significant difference. This should be 
evaluated in a larger sample size. In the current study, all 
participants, who had their PGx results returned and re-
ceived the individual counseling session, had satisfactory 
perceptions and positive attitudes toward PGx. Capturing 
patients' attitudes and perceptions toward PGx is essential 
for developing and implementing PGx in clinical settings. 
Future studies should evaluate the attitudes of the ICU 
medical and nursing providers.

The current study has limitations. Our PGx panel was 
limited to variants with known or probable PGx effects for 
fentanyl, propofol, midazolam, and other drugs but may 
have led to omitting other important pharmacogenes. We 
did not study the ADRA2A and PRKCB genes which have 
been studied for dexmedetomidine since they are rarely 
tested on PGx panels and were not available on the panel 
we used but have LOE of 3 on PharmGKB.26 In our anal-
ysis, the primary PGx effect (percentage of time in target 
RASS range) is mainly related to fentanyl, propofol and/
or midazolam which are the primary agents used in our 
ICUs. We did not account for concomitant medications 
which might have drug–drug interactions with the tested 
sedatives and analgesics because the study period was 
short (24 and 48 h) and we assumed the drug interaction 
effect would be small. The lack of biogeographical ge-
netic diversity in our study participants resulted in only 
a few diplotypes that could be potentially important (i.e., 
CYP3A5*1/*1) for fentanyl and midazolam. Because of 
the many possible combinations of sedatives and analge-
sics that can be used, confounding effects are difficult to 
control. Future PGx studies should focus on a single agent 
and/or a single combination such as fentanyl and propofol. 

Another limitation is that the study was interrupted by 
the COVID- 19 pandemic and the enrollment process was 
halted for 7 months which affected the number of patients 
enrolled and the pandemic affected ICU practice. Future 
studies with larger sample sizes are needed.

CONCLUSION

An increase in the number of altered phenotypes in phar-
macogenes relevant to propofol, fentanyl, and midazolam 
had a non- significant association toward unfavorable se-
dation outcomes such as lower odds of achieving target 
RASS range and slower time to target RASS during the 
early period of acute MV. The positive attitudes and per-
ceptions of ICU patients and their willingness to partici-
pate will help facilitate the advancement and acceptance 
of PGx testing in the critical care setting.
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