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Keywords:
 Purpose: This single-center, retrospective cohort study investigated the effects of timing of initiating home neu-

ropsychiatric medications (NPMs) on sedation-related outcomes.
Materials and methods: Subjects included adult medical intensive care unit (MICU) patients who had an NPM on
their admission medication list; intubated before or on arrival to the intensive care unit (ICU); and were on
benzodiazepine-based sedation. The intervention assessed was the timing of the initiation of home NPMs:
early (≤5 days) vs. late (N5 days) into the ICU stay.
Results: There were 56 and 53 patients in the early and late restart groups, respectively. Early cohort patients
maintained a median daily RASS of −1.5, while late cohort patients had a median daily RASS of −2.0 (p =
0.02). The effect was driven by the subgroup of patients on home anti-depressant therapy who were restarted
early on these agents. The early restart group had a higher percentage of days with RASS scores within goal (p
= 0.01) and less delirium (p = 0.02). Early restarting of home NPMs was associated with a non-significant de-
crease in ventilator days compared with late restarting (p = 0.11).
Conclusions: Restarting home NPMs was associated with lighter sedation levels and less delirium.

© 2017 Elsevier Inc. All rights reserved.
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1. Introduction

Prolonged anddeep sedation is associatedwithnegative outcomes, in-
cluding fewer ventilator-free days, prolonged hospital stay [1], cognitive
deficits [2], and decreased in-hospital and two-year survival [3]. For
these reasons, guidelines from the Society of Critical Care Medicine
(SCCM) recommend to target light levels of sedation [4]. An unstudied
strategy to facilitate light sedation includes a thoroughmedication history
and reconciliation, particularly of the patient's neuropsychiatric
medications1 prior to admission. Nearly 17% of intensive care unit (ICU)
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patients have a selective serotonin reuptake inhibitor (SSRI) or
serotonin-norepinephrine reuptake inhibitor (SNRI) on their admission
medication lists [5]. Home NPMs may also include benzodiazepines
(BZDs), antipsychotics, andgabapentinoids. Thesemedications are associ-
ated with clinically significant withdrawal syndromes, which may be-
come apparent within the first few days of abrupt discontinuation and
couldmimic or exacerbate agitation (Table 1) [6-9]. There is a lack of sys-
tematic, controlled studies evaluating NPM withdrawal and its manage-
ment [10]. Reviews on the subject recommend reintroduction of the
NPMor, if thewithdrawal syndrome is severe, symptomaticmanagement
[11-13]. Increased agitation secondary toNPMwithdrawal in the ICUmay
be treatedwith increasing doses of sedatives, while the underlying condi-
tionmaybe left untreated. Restarting homeNPMs could avertwithdrawal
andmore easily allowmaintenance of light levels of sedation.While phar-
macologic rationale exists to restart home NPMs in ICU patients, the con-
cept is only alluded to once in the Pain, Agitation, Delirium (PAD) care
bundle as a strategy for preventing delirium; however, this recommenda-
tion remains ungraded due to a lack of evidence and is not formallymen-
tioned in the guideline text [4].

This study investigated the effects of timing of initiation of home
NPMs on sedation outcomes in MICU patients. We hypothesized that
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Table 1
Withdrawal syndromes of common neuropsychiatric medications.

Drug or drug class Onset of
withdrawal

Duration of withdrawal Withdrawal signs and symptoms

Benzodiazepines [6,8] Short-acting: 2–4 days
Long-acting: 4–7 days

2 weeks (anxiety may persist) Agitation, anxiety, irritability, restlessness, sleep disturbances, hallucinations,
seizures, hypertension, tachycardia, tachypnea

Anti-psychotics [7] 1–4 days 1–2 weeks Agitation, anxiety, psychosis, nausea, vomiting, insomnia, myalgia, tremor
SSRIs/SNRIs [9] 3 days 3 weeks Flu-like symptoms, nausea, vomiting, diarrhea, insomnia, nightmares, anxiety,

agitation, paresthesias, dizziness

Bolded signs and symptoms can be associated with exacerbation of agitation.
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early restarting (≤5 days) of the majority (≥50%) of a patient's home
NPM regimen would improve sedation scores and clinical outcomes
compared with those patients not started on their home NPMs or
restarted N5 days into the ICU stay.

2. Materials and methods

2.1. Patients

The present work is a single-center, retrospective cohort study eval-
uating two groups of medical intensive care (MICU) patients. The early
restart cohort was defined as having themajority (≥50%) of their home
NPMs restarted within the first 5 days of their ICU stay. The late restart
cohort was either not restarted at all on their home NPMs, or restarted
after 5 days of their ICU stay (Fig. 1). For example, if a patient was on
2 home NPMs and the first was restarted on day 3 and the second on
day 6, that patient would be categorized in the early restart group
since at least 50% of their home NPMs were restarted within the first
5 days of ICU admission. Restarting was defined as receiving N1 dose
of the home NPM. The 5-day mark was selected because most clinically
significant withdrawal syndromes could manifest within this time
frame as shown in Table 1 [6-9].

Adult patients admitted to the University of Kentucky (UK) Albert B
Chandler Hospital's MICU between January 2011 – January 2015 were
included in the study if their documented home admission medication
lists included at least one of the following: an anti-depressant (SSRI,
SNRI, bupropion), gabapentinoid, benzodiazepine (BZD), or antipsy-
chotic; if they were intubated prior to or on admission to the MICU,
and were receiving BZD-based sedation while in theMICU. All included
patients were admitted directly from the ED to the ICU, or were direct-
to-ICU inter-institutional transfers. The list of home neuropsychiatric
medications was selected based on the clinical opinions of the authors
by the likelihood for withdrawal, frequency of encountering thesemed-
ications on homemedication lists, and the review by Papadopoulos and
Cook [8]. BZD-based sedationwas chosen as it was the preferred contin-
uous infusion sedative during the study period at our institution and al-
lows standardizing of sedative doses received.
Fig. 1. Study o
While benzodiazepine infusions were the predominant sedative
used upon admission, choice of sedative throughout the ICU stay and
whether or not any home medications were restarted was up to the
medical team caring for the patient. Sedation level was monitored
using the Richmond Agitation-Sedation Scale (RASS). Patients were ex-
cluded for the following: deep sedation indicated for any reason (e.g.
acute respiratory distress syndrome, receipt of a continuous infusion
neuromuscular blocker, alcohol withdrawal treatment, status epilepti-
cus), admission for suspected drug overdose, the NPM was explicitly
stated to be indicated for a non-neuropsychiatric reason (e.g. lorazepam
for nausea/vomiting), chronic ventilation prior to admission, or
sustained severe anoxic brain injury. Patients also were excluded if
they were declared comfort care within the first 7 days of their ICU
stay, or were extubated, transferred out of the ICU, discharged, or ex-
pired b72 h within the ICU admission.

2.2. Outcomes and data collection

Data sources included the UK Center for Clinical and Translational
Science Enterprise Data Trust and the UK HealthCare electronic health
record. This study was approved by the Institutional Review Board of
the University of Kentucky. Data points collected included patients' de-
mographics, admissionmedication history, RASS, ConfusionAssessment
Method for the ICU (CAM-ICU), sedatives, new-start inpatient anti-
psychotics, ICU length of stay (LOS), and ventilator days. Data on seda-
tion and delirium outcomes were collected during the first 7 days of
the patient's ICU admission. Baseline disease severity was measured
by the Sequential Organ Failure Assessment (SOFA) score on day 1 of
ICU admission, and the Charlson comorbidity index [14,15]. The
Charlson comorbidity index reflects baseline clinical illness status and
can predict 1-year mortality. Both the SOFA score and Charlson indices
give complementary views on the clinical status of the patient. Data col-
lected on sedation agent regimens included BZD infusion rates and du-
ration, PRN BZD use, and whether non-BZD sedatives were used.

The primary outcomes were median daily RASS score and percent-
age of days that the median daily RASS was maintained at −2 to +1.
For all of the RASS scores recorded for a specific day for a given patient,
verview.



Fig. 2. Patient population screening results.
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these scores were averaged, resulting in (at most) 7 daily average RASS
scores. The median of these daily average RASS scores was then com-
puted, providing an overall RASS score for the study period. To be con-
sidered within goal RASS for a specific day, the daily average RASS for
that day would have to be between −2 and +1. The secondary out-
comes included cumulative total daily dose (TDD) of BZD-based seda-
tion during the first 7 days of the ICU stay, incidence of delirium using
the CAM-ICU, rates of new-start antipsychotics, time on mechanical
ventilation, and ICU LOS. A post-hoc analysis was undertaken to assess
correlations between patient characteristics and cumulative amount of
BZD sedation required.
Table 2
Patient demographics.

Descriptor Cohort 1: restarted
home NPMs ≤ 5 days
N = 56

Male 28 (50%)
Age (years) 58.3 ± 13.1
SOFA scores 7 (6, 9)
Charlson comorbidity index 5 (3, 9)
Documented oral or per tube medication
administration within first 24 h of ICU admissiona

44 (79%)

Documented oral or per tube medication
administration within first 5 days of ICU admission

56 (100%)

Home NPMs
Home SSRI/SNRIb 41 (73%)
Home gabapentinoid 26 (46%)
Home BZD 24 (43%)
Home antipsychotic 10 (18%)

BZD = benzodiazepine, NPM = neuropsychiatric medication, SNRI = serotonin-norepinephri
a p = 0.039.
b p = 0.02.
2.3. Statistical analysis

The Shapiro-Wilk test was used to determine whether the continu-
ous variable measurements were normally distributed. Student's t-test
was used to evaluate for differences in continuous variables between
cohorts. The Mann-Whitney U test analyzed continuous variables that
were not normally distributed. The chi-squared or Fisher's exact test
was used for nominal variables, and the Mann-Whitney U test for ordi-
nal variables. Correlation testing was done with the Spearman rank-
order correlation. SPSS (Version 23, Armonk, NY) and R (Version 3.3.1,
Vienna, Austria) were used for statistical analyses.

3. Results

As shown in Fig. 2, 789 patients were admitted to the MICU on BZD-
based sedation during the study period. Of those patients, 109 (13.8%)
met inclusion criteria: 56 patients in the early-restart cohort, and 53 pa-
tients in the late-restart cohort. The most common reason for exclusion
was the patient not taking any of the specified NPMs prior to admission
(300/789 or 38.0% of screened patients). Patient demographics are
shown in Table 2. Therewere onlyminor differences in prognostic base-
line characteristics between the two cohorts. Patients in the early restart
cohort were more likely to have enteral access on day1 of ICU admis-
sion; however, by day 5 nearly all patients in the study had enteral ac-
cess. Patients in the early restart group were more often prescribed
SSRIs/SNRIs prior to admission than those in the late restart cohort
(73% vs. 49% respectively; p = 0.02). The distribution of home NPM
agents is listed in Table A, Supplemental Appendix. Formulary therapeu-
tic interchange does occur at our institution; this occurred for 10 pa-
tients evaluated in the study (Table B, Supplemental Appendix). The
BZD-based sedation received by all patients was midazolam.

Restarting home NPMs early was associated with a median daily
RASS of −1.5 (−2.0, −1.0), compared with late restarts with median
daily RASS of −2.0 (−3.0, −1.3) (p = 0.02), as shown in Table 3.
This outcome was driven primarily by the patient subgroup restarted
earlier on their home anti-depressant. The percentage of days spent
where daily average RASS was within goal range (−2 to +1) was
higher in the early cohort (67% vs. 57%, p = 0.01). There was no signif-
icant difference in cumulative BZD doses (early: 313.6 mg (185.1 mg,
540.2 mg) vs. late: 200.9 mg (111.0 mg, 484.0 mg), p = 0.11). The me-
dian duration of continuous BZD infusion was similar between cohorts
(82 h [53–117] vs. 77 h (45–120), p = 0.99). There was no difference
in the proportion of patients in each cohort who received non-BZD con-
tinuous infusion sedation (i.e. propofol or dexmedetomidine), nor in the
Cohort 2: restarted home
NPMs N 5 days (if at all)
N = 53

Overall: cohort 1 + cohort 2
N = 109

26 (49%) 54 (50%)
59.4 ± 13.0 58.8 ± 13.0
8 (5, 10) 8 (6, 10)
5 (3, 8) 5 (3, 8)
32 (60%) 76 (70%)

51 (96%) 107 (98%)

26 (49%) 67 (61%)
21 (40%) 47 (43%)
23 (43%) 47 (43%)
6 (11%) 16 (15%)

ne reuptake inhibitor, SSRI = selective serotonin reuptake inhibitor.



Table 3
Primary and secondary study outcomes.

Parameter Cohort 1: early
home NPM restart
N = 56

Cohort 2: late
home NPM restart
N = 53

p-Value

Primary outcomes
Median daily RASS Overall −1.5 (−2.0, −1.0) −2.0 (−3.0, −1.3) 0.02

SSRI/SNRI −1.5 (−2.0, −1.0) −2.2 (−3.1, −1.5) 0.01
Gabapentinoids −1.5 (−2.0, −1.0) −1.8 (−2.7, −1.3) 0.16
BZDs −1.8 (−2.1, −1.3) −1.5 (−2.4, −1.1) 0.85
Antipsychotics −1.8 (−2.6, −1.4) −1.8 (−2.3, −1.1) 0.48

Percent of days assessed where daily average RASS within goal (−2 to +1) 67% 57% 0.01

Secondary outcomes
Cumulative BZD TDD (mg) 313.6 (185.1, 540.2) 200.9 (111.0, 484.0) 0.11
Patients receiving non-BZD continuous intravenous infusion sedation w/in 1st week 27 (48%) 26 (49%) 1.00
Days of non-BZD continuous intravenous infusion sedation 0 (0, 2) 0 (0, 2) 0.95
New-start antipsychotic 17 (30%) 12 (23%) 0.49
Any CAM-ICU positive during study perioda 6/35 (17%) 16/37 (43%) 0.02
Ventilator time (days) 7.0 (6.0, 9.3) 8.0 (6.0, 11.0) 0.11
ICU length of stay (days) 10.0 (7.8, 14.0) 11.0 (9.0, 16.0) 0.37

BZD = benzodiazepine, NPM = neuropsychiatric medication, TDD= total daily dose.
a Complete data available for 72 patients.
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median number of days on non-BZD continuous infusion sedation. Early
restarting of homeNPMswas associatedwith a non-significant decrease
in ventilator days (early: 7.0 days [6.0, 9.3], late: 8.0 days [6.0, 11.0], p=
0.11). During the first week of ICU admission, 72 (66%) patients had at
least one charted CAM-ICU score (35 in early vs. 37 in late; p = 0.55).
The early restart cohort had fewer CAM-ICU positive assessments at
any point during the study period comparedwith the late restart cohort
(17% vs. 43%, p = 0.02). The delirium prevalence over the seven day
study period is displayed in Fig. 3. The CAM-ICU is done twice daily in
our unit. There were no significant differences observed between co-
horts in days requiring a continuous infusion benzodiazepine, new-
start antipsychotics, or ICU LOS.

The amount of BZD-based sedation varied widely across the entire
cohort and in some cases, the doses received were quite substantial
(median 248 mg [128–523 mg], range 6–1531 mg). In a post-hoc anal-
ysis, we investigated potential correlations between patient characteris-
tics and cumulative BZD doses to better understand drivers of the
requirement for higher doses of sedatives, particularly in light of the
fact that we excluded patients requiring deep sedation secondary to
their clinical condition.

We failed to find significant correlations for Charlson comorbidity
index or SOFA scores with cumulative BZD dosing. Minor statistically sig-
nificant correlations existed for age (r =−0.34), severity of illness (r =
−0.25), and day 1 total daily dose of BZD (r= 0.25). However, the num-
ber of home NPMswas most significantly correlated with the cumulative
BZD dose received during the study period (r = 0.40, p b 0.0001).
Fig. 3. Daily prevalen
4. Discussion

The use of NPMs prior to ICU admission is common, and restarting
these medications may often be de-prioritized during the other com-
plexities of a patient's ICU admission. Early initiation of home NPMs
was associated with higher RASS scores (yet still within goal), a greater
percentage of days where daily average RASS was within an acceptable
goal, less delirium, and potentially fewer ventilator days.We did not ob-
serve a difference in the rates of propofol or dexmedetomidine initia-
tions between cohorts, suggesting that differences in sedation-related
outcomes are less likely due to differences in non-BZD sedative use.

There are few studies that evaluate the safety of restarting home
NPMs in the ICU [10]. Ghassemi and colleagues published a retrospec-
tive clinical database study including over 14,000 patients associating
pre-admission SSRI/SNRI usewith increased in-hospitalmortality, espe-
cially in cardiac surgery or myocardial infarction patients [5]. Mulloy
and colleagues presented a poster abstract describing their retrospec-
tive cohort analysis of over 4000medical ICU patients admittedwith se-
vere sepsis, which found an association between patients taking SSRIs/
SNRIs at home and higher rates of clinical delirium [16]. However, nei-
ther of these studies report whether these agents were restarted while
the patients were in the ICU. Though these retrospective studies cannot
establish a causal association between pre-admission SSRI/SNRI use and
harm, it appears that taking these medications prior to admission may
not be insignificant. Scarce data are available regarding any altered
pharmacokinetics of these agents in critically ill patients. Conversely,
ce of delirium.
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our study demonstrated comparable safety outcomes with potential
benefit of maintaining lighter levels of sedation and reduced delirium.

Our study results are the first to test the association between
restarting home NPMs and sedation-related outcomes in the critically
ill. We found that restarting the majority (≥50%) of these NPMs within
5 days of the ICU stay was associated with optimal RASS scores and
more days spent with a daily average RASS score within goal. While
we were not able to discern whether restarting the NPMs was effective
by preventing withdrawal or simply treated the underlying condition,
this early medication reconciliation appears to be associated with im-
proved sedation and delirium-related outcomes. In particular, the effect
appeared to be driven in large part by the antidepressants (SSRI/SNRIs),
whichwere also themost frequently prescribed homeNPMs in the cohort.

The potential sedation-related benefits of restarting home NPMs
earlier in the ICU stay may be more prominent in patients who remain
ventilated for longer than 5 days, whereas patients with shorter ventila-
tion periods may not see similar effects. This aligns with the expected
timeline of withdrawal for several of these NPM classes. Although
based on their withdrawal windows there does not appear to be an ur-
gent indication to restart these medications on the first day of ICU ad-
mission, our results suggest that ensuring these agents are restarted in
a timely fashion (within 5 days based on our results) can improve
sedation-related outcomes. In their recent systematic review [10],
Kelly and colleagues advocate for further investigationwithmore rigor-
ous drug administration data standards to guide the reinstatement of
SSRIs/SNRIs in the ICU setting. The present work provides supporting
data in this regard. Interestingly, we found a correlation between the
number of home NPMs and cumulative BZD received, suggesting that
higher sedation requirements may be anticipated for patients receiving
multiple home NPMs, and offering a selection of patients for whom this
medication reconciliationmay benefit even earlier on in the ICU stay. In
addition to the sedation scores and delirium rates, there was a corre-
sponding non-significant trend towards decreased ventilator days fa-
voring the early restart cohort, though this study may have been
underpowered to detect this difference. Given the correlations in the lit-
erature between deeper sedation, delirium, and increased durations of
mechanical ventilation, it would be plausible that the benefits of
restarting homeNPMsmaybe associatedwith reductions inmechanical
ventilation [4].

An additional benefit of early restarting of home NPMs may be in
transitions of care. The medication reconciliation process is especially
disturbed in ICU care transitions, with significantly higher rates of dis-
continuation of chronic medications in hospitalized patients with ICU
exposure [17]. Restarting home NPMs early in the ICU stay can help
with maintaining continuity of chronic disease pharmacotherapies
across levels of care.

Though not statistically significant, the higher BZD cumulative dos-
ing in the early restart cohort is an unusual finding from this study.
This may be due to the fact that in our practice, restarting these NPMs
is at times a strategy for attempting to reduce sedation dosing in pa-
tients with high requirements. Paradoxically, the early restart cohort
was found to overall achieve and maintain lighter levels of sedation
compared with the late restart group. Despite receiving numerically
higher BZD doses (though not statistically significant), the rates of delir-
ium were lower in the early restart cohort of patients.

This study has important limitations that must be reviewed in light
of the findings. There is potential for selection bias, in that home medi-
cations may be restarted in more clinically stable patients. This phe-
nomenon may be similar to the observed higher rates of restarting
statins in less critically ill patients [18]. The SOFA score was collected
to facilitate clinical comparison of cohorts. The lack of difference in
SOFA scores between cohorts suggests comparable severities of clinical
status. This is confirmed in a similar duration of ICU stay between the
cohorts as well. However, given the retrospective nature of this study,
it is not possible to conduct subject randomization, nor fully capture
the clinical reasoning behind each pharmacotherapy decision. In
addition, the degree of adherence to homeNPM regimens and durations
of therapy prior to admission could not be captured in the current study,
with high adherence and long durations of therapy predisposing pa-
tients to withdrawal symptoms upon abrupt discontinuation of their
home NPM regimens. Only patients receiving continuously infused
BZD-based sedation were included given the historical prescribing
habits at our institution and since at present, there is a lack of a univer-
sally agreed-upon and validated equipotent interconversion between
the various sedative agents. Opioid usewas not tracked because, during
the time period under consideration, our ICU did not necessarily adopt
an analgesia-first approach to sedation. Moreover, agitation induced
by withdrawal from home NPMs could not be treated with opioids or
analgesics alone. It is standard ICUpractice at our institution to establish
enteral access and initiate enteral nutrition within the first 24 h of ad-
mission. Even with enteral access for administration, some NPMs with
delayed/extended release formulations cannot be crushed and adminis-
tered per tube. This is acknowledged as a limitation, though it is custom-
ary in our institution's ICUs to attempt conversion of these formulations
to immediate release (which can be crushed) or another per tube-
amenable formulation. The present work was not able to evaluate inci-
dence of any serotonergic toxicities.While the available CAM-ICU scores
suggest an associationwith delirium in the late-start cohort, compliance
with CAM-ICU documentation was poor. The external validity of this
study is limited by its single-center design and lack of representation
of other ICU patients. Future prospective studies investigating this phe-
nomenon in a variety of critically ill patients are warranted to generate
more data on the exact agents, and subsequent timing important to re-
start in order to optimize sedation-related outcomes.

5. Conclusions

Restarting home NPMs within 5 days of an ICU stay is associated
with maintenance of higher (yet still within goal) RASS scores, and
less delirium as compared with restarting home NPMs later in the ICU
stay. Accurate and complete medication reconciliation, particularly of
home NPMs, may help to achieve light sedation and optimize
sedation-related outcomes in ICU patients.
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