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Abstract

Background Intensive care unit patients undergoing

mechanical ventilation have traditionally been sedated to

make them comfortable and to avoid pain and anxiety.

However, this may lead to prolonged mechanical ventila-

tion and a longer length of stay.

Objective The aim of this retrospective study was to

explore whether different sedation regimens influence the

course and duration of the weaning process.

Patients and methods Intubated adult patients (n = 152)

from 15 general intensive care units in Sweden were

mechanically ventilated forC 24 h. Patients were divided

into three groups according to the sedative(s) received

during the weaning period (i.e. from being assessed as ‘fit

for weaning’ until extubation): dexmedetomidine alone

(DEX group, n = 32); standard of care with midazolam

and/or propofol (SOC group, n = 67); or SOC plus

dexmedetomidine (SOCDEX group, n = 53).

Results Patients receiving dexmedetomidine alone were

weaned more rapidly than those in the other groups despite

spending longer time on mechanical ventilation prior to

weaning. Anxiety during weaning was present in 0, 9 and

24% patients in the DEX, SOC and SOCDEX groups,

respectively. Anxiety after extubation was present in 41, 20

and 34% in the DEX, SOC and SOCDEX groups, respec-

tively. Delirium during weaning was present in 1, 2 and 1

patient in the DEX, SOC and SOCDEX groups, respec-

tively. Delirium at ICU discharge was present in 1, 0 and 3

patients in the DEX, SOC and SOCDEX groups, respec-

tively. Few patients fulfilled criteria for post-traumatic

stress disorder.

Conclusion Dexmedetomidine, used as a single sedative,

may have contributed to a shorter weaning period than

SOC or SOCDEX. Patients who received dexmedeto-

midine-only sedation tended to report better health-related

quality of life than those receiving other forms of sedation.

Key Points

Dexmedetomidine used as single sedative was

associated with a shorter weaning period.

Patients sedated during the weaning period with only

dexmedetomidine reported better health-related

quality of life.
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1 Introduction

Patients undergoing mechanical ventilation (MV) have tra-

ditionally been sedated with benzodiazepines and/or propofol

to make them comfortable and to avoid pain and anxiety.

However, sedation may have negative consequences, such as

prolongation of MV and weaning period with consequent

higher costs [1, 2]. The risk of complications such as venti-

lator-associated pneumonia may also be increased [3, 4].

Early deep sedation, however it is achieved, has been

associated with longer time to extubation and increased

mortality [5]. Conversely, it has been demonstrated that

comfort during MV can be achieved with no or very light

sedation, and this is associated with lower incidences of

delirium, shorter length of stay (LOS) and other benefits for

patients [6–9]. Recent guidelines [10] and commentaries

[11] have advocated a revision of intensive care unit (ICU)

sedation practices and the adoption of sedation strategies

based on non-benzodiazepine sedatives [either propofol or

dexmedetomidine (DEX)] to improve clinical outcomes in

mechanically ventilated adult ICU patients.

DEX has been shown to provide good patient comfort

during MV; it also has a satisfactory safety profile

[2, 12–14] and reduces time to extubation [2].

This study aimed to investigate whether different choices of

sedation regimen can influence the weaning process. Patients

receivingDEXduring theweaning periodwere comparedwith

those receiving standard of care (SOC) sedation with propofol

and/or midazolam. Patients receiving both DEX and SOC

during the weaning period were analysed separately.

Our primary efficacy point was weaning time. Second-

ary endpoints were total duration of MV and intensive care

LOS. Additional data were collected on whether the

sedative drug affects the level of patient anxiety, occur-

rence of delirium and on the amount of analgesics and

sedatives used during weaning from MV. Moreover,

information on the total cost of ICU stay was recorded for

health economy purposes, together with data on health-

related quality of life (HRQoL) after ICU and the presence

of Post-Traumatic Stress Disorder (PTSD).

2 Patients and Methods

2.1 Patients

Patients were eligible to participate in this study if they

were: (i) admitted to a general ICU ward; (ii) intubated and

mechanically ventilated for at least 24 h; (iii) lightly to

moderately sedated [corresponding to Motor Activity

Assessment Scale (MAAS) score 2–3 [15] or Richmond

Agitation and Sedation Scale (RASS) score 0 to - 3];

[16, 17] (iv) sedated with DEX, midazolam and/or propo-

fol; (v) aged[18 years; and (vi) able to communicate

clearly in Swedish.

Patients were excluded if they: (i) did not comply with

the prescribed sedation regimen; (ii) had an estimated

mortality rate of[80%; (iii) were tracheotomised; (iv) had

their sedative drugs changed after reaching the ‘fit for

weaning’ time point; (v) received other alpha-2 agonists

(clonidine) during their ICU stay; (vi) had a positive

pregnancy test or were lactating; (vii) participated in

another study involving use of a pharmacologically active

compound; (viii) had ‘‘do not resuscitate’’ and/or other

decisions for limitations in therapy; or (ix) were otherwise

unable to complete the study, in the investigator’s opinion.

Patients who fulfilled the selection criteria were invited to

participate in the study and gave their written informed con-

sent. This was signed just prior to ICU discharge or when the

patient had been discharged onto a general hospital ward; no

study-relateddatawereobtainedbefore consentwas provided.

The 152 enrolled patients were divided into the fol-

lowing groups: (i) patients who received DEX as the only

sedative agent during the weaning period (DEX group,

n = 32); (ii) patients who received propofol and/or mida-

zolam during the weaning period (SOC group, n = 67);

and (iii) patients who needed both propofol/midazolam and

DEX during the weaning period (SOCDEX group, n = 53)

to achieve their sedation target [propofol?DEX (n = 49);

midazolam?DEX (n = 2); propofol?midazolam?DEX

(n = 2)]. Inclusion and description of this third group was

deemed relevant as it reveals the observed clinical practice.

2.2 Protocol

This was a non-interventional, retrospective study con-

ducted in 15 Swedish ICUs between June 2012 and Octo-

ber 2015 (see Table 4 in Appendix). The centres were

chosen based on the number of mechanically ventilated

patients treated per year (data obtained from the Swedish

Intensive Care registry) to ensure optimal enrolment. The

study protocol was approved by Stockholm’s regional

ethical committee and additional permissions were issued

for each of the remaining locations. Simulations based on

previous data [2, 18] indicated that a sample size of 250

subjects would have & 80% power to detect a 30% dif-

ference in weaning time. However, slower enrolment than

anticipated restricted recruitment to 152 patients.

Patients were treated according to the judgement of their

attending physician and the choice of sedation regimen

followed normal clinical practice at each centre. According

to guidelines for sedation in the ICU [11], all patients had

opioids to ensure pain control. Data collection for endpoint

measurements was done exclusively from medical records.

The procedures and instruments used to measure the
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clinical effect outcomes were part of general clinical

practice at all centres. The study timeline is shown in

Fig. 1.

Data from clinical records were collected regarding the

Simplified Acute Physiology Score 3 (SAPS-3) at admission

and the amounts of sedative and analgesic medications

administered during the 24 h before the patient was con-

sidered ‘fit for weaning’ (Period 1) and during the weaning

period (Period 2) (Fig. 1). ‘Fit for weaning’ was determined

as the time point when: (i) fraction of inspired oxygenB 0.5;

(ii) end inspiratory pressureB 25 cmH2O; (iii) positive end-

expiratory pressureB 10 cmH2O; (iv) existing respiratory

drive at/without a wake-up test; (v) no major surgery plan-

ned; (vi) need for light-to-moderate sedation; and (vii) no

medical/surgical indication for continued intubation. All

seven criteria should be met but, in some cases, the local

investigator could consider the patient fit for weaning even if

a single criterium was not met.

The time points for the beginning and end of MV were

recorded (intubation? extubation). LOS in the ICU was

defined as the time in days (total number of hours divided by

24) from the time of admission to the ICUuntil ICUdischarge.

Assessment of anxiety and delirium was done using the

MAAS/RASSand theNursingDeliriumScreeningScale (Nu-

DESC) [19] /Confusion Assessment Method for the ICU

(CAM-ICU) [20, 21], respectively, during ICU stay and at

ICU discharge. Resource utilization (workload) in the ICU

was calculated based on cumulative Vård Tyngd Sverige

(VTS) score (cumulative number of points per patient, which

is equivalent to the Therapeutic Intervention Scoring System

score [22]) for each period as a surrogate for cost of care.

HRQoL was assessed using the 15D instrument during a

follow-up visit at 2 to 4 months after ICU discharge. The

15D score is calculated on a scale ranging from zero to one,

where 0 = dead and 1 = full health. A change of 0.03 is

considered the minimum clinically relevant change [23, 24].

PTSD was also assessed at the post-ICU follow-up visit

using the Post-Traumatic Symptom Scale (PTSS)-14 ques-

tionnaire, a validated 14-dimension instrument [25].

Adverse events (AEs) and serious AEs were recorded

throughout the study.

2.3 Statistics

The primary efficacy endpoint, weaning time, was defined as

the time in hours from a patient being considered ‘fit for

weaning’ until actual extubation (Period 2). The total time on

MVwasdefinedas the time inhours from the start until the end

of MV. The unadjusted comparison between the treatments

was performed using the log-rank test. Pairwise log-rank tests

were also performed. Adjusted comparisons were performed

using Cox’s proportional hazard regression model.

Kaplan–Meier curves and percentile estimates were used

to describe LOS data and analysis was performed using the

log-rank test. Mean sedative and analgesic doses per hour

during Periods 1 and 2 were compared using analysis of

variance (ANOVA) with all paired differences. Anxiety was

defined as RASS score ? 1 to ? 4 or MAAS score 4–6.

Delirium assessments were scored as either positive or

negative. Comparisons between the treatment groups for

anxiety and delirium were done using descriptive statistics.

HRQoL based on the overall 15D score was compared

between the treatment groups using ANOVA. PTSS-14

questionnaire scores were analysed using ANOVA for sum

score and the Chi squared test for binary response.

Statistical analyses, compilation of tables and subject

data listings were performed using SAS� for Windows

(SAS Institute Inc., Cary, NC, USA). A two-sided signifi-

cance level of 0.05 was used throughout the efficacy and

safety analyses.

WEANING 
PERIOD

Period 1 Period 2 Period 3

DEX 
SOC
SOCDEX 

Seda�on with various 
drugs according to 
ward protocol. Not 
included in the 
observa�on period

Intuba�on
(intubated for at least 24 h)

SAPS 3

24 h
before ‘fit 

for 
weaning’

‘Fit for 
weaning’

Extuba�on Discharge
from

the ICU

Admission 
to the ICU

Follow-up 
a�er 

2–4 months

Fig. 1 Graphical depiction of

study timeline. DEX

dexmedetomidine, SOC

standard of care, SOCDEX

standard of care ?

dexmedetomidine, ICU

intensive care unit, SAPS

Simplified Acute Physiology

Score
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3 Results

The demographic details of the 152 patients are shown in

Table 1. Most patients (n = 95) were male and in all three

groups mean age, body mass index and SAPS-3 score on

admission were similar. The reason for admission to the

ICU was predominantly medical, although this was less so

in the DEX group than in the other groups. Detailed

information on reasons for admission is provided as sup-

plementary material.

Sedation levels were measured predominantly using the

RASS (MAAS, n = 14). According to the RASS, mean

sedation levels during weaning were - 0.5± 0.9 (median

0), - 1.4± 1.5 (median -2.0) and - 0.6± 2.1 (median -

1.0) in the DEX, SOC and SOCDEX groups, respectively.

The median duration of intubation of patients in the

SOC and SOCDEX groups before the start of the weaning

period was significantly shorter than that in the DEX group

(Table 2) (p\0.001). On average, patients in the SOC

group spent less time in the ICU before the start of the

weaning period than those in the DEX (p = 0.007) or

SOCDEX (p = 0.025) groups.

Patients in the DEX group were weaned in a signifi-

cantly shorter median time than those in the SOC group

(p = 0.006) or the SOCDEX group (p\0.001) (p = 0.213

for SOC vs SOCDEX) (Table 2, Fig. 2). Across all study

groups, medical patients tended to take longer to wean than

surgical patients (20 vs 15 h). A greater percentage of

DEX-only patients were admitted to the ICU for surgical

reasons (Table 1) but adjusting for this did not change the

results. No patient in the DEX group required re-intubation

within 24 h, whereas there were three such extubation

failures in the SOC group and one in the SOCDEX group.

DEX patients received less propofol prior to the wean-

ing period compared with SOC (p = 0.002) and SOCDEX

(p\0.001) patients (Table 3). There were no statistically

significant differences between groups regarding the use of

other sedatives. All patients received opiates in accordance

with the guidelines for sedation in the ICU [11] where pain

management comes always prior to treatment for agitation.

No differences were found among groups regarding the use

of opiates (Table 3).

Anxiety was present during the weaning period in 0/23

DEX patients (0%), 5/55 SOC patients (9.1%) and 12/49

SOCDEX patients (24.5%). After extubation, the propor-

tion of patients who experienced anxiety was higher in all

groups: 40.9, 20.0 and 34.1%, respectively. Fifty patients

were screened for delirium during weaning. One patient

from DEX group, one from SOC group and two patients

from SOCDEX group were diagnosed positive. Sixty-five

patients were screened for delirium at ICU discharge. No

patient from DEX group, one from SOC group and three

patients from SOCDEX group were found positive.

HRQoL data 2–4 months after discharge from the ICU

were obtained for 96 patients (63%). Mean [± standard

deviation (SD)] score was higher in the DEX group

(0.89± 0.10) than the SOC (0.84± 0.14) (p = 0.147) or

SOCDEX (0.81± 0.14) (p = 0.024) groups. Data for each

of the 15 contributing domains of the 15D are illustrated in

Fig. 3.

PTSS-14 Part A data obtained at the same time point

from 112 patients (74%) showed a tendency towards fewer

patients with symptoms of nightmares, severe anxiety and

panic, severe pain and breathing troubles in the DEX (40,

12, 16 and 29%, respectively) compared with the SOC (30,

13, 17 and 31%, respectively) and SOCDEX groups (45,

32, 26 and 32%, respectively), although there were no

statistically significant differences.

Mean± SD PTSS Part B scores were 22.9± 10.0,

25.2± 12.5 and 29.9± 14.6 for the DEX, SOC and SOC-

DEX groups, respectively. PTSD was diagnosed in 5/26

patients (19%) in the DEX group, 9/48 (19%) in the SOC

group and 12/38 (32%) in the SOCDEX group, and these

differences were not statistically significant.

Costs of care based on number of VTS points per day

(24 h) during the weaning period were higher for the DEX

group (204.2± 230.9) compared with the SOC

(121.7± 170.3; p = 0.031) and SOCDEX (74.5± 47.0;

Table 1 Demographic details of the study participants

Characteristic DEX

(n = 32)

SOC

(n = 67)

SOCDEX

(n = 53)

Total

(n = 152)

Percentage of females/males 34/66 43/57 32/68 37/63

Age (years); mean (range) 66 (27–81) 63 (23–85) 61 (19–86) 62 (19–86)

BMI (kg/m2); mean (SD) 28.2 (7.3) 27.5 (6.6) 29.2 (7.0) 28.3 (6.9)

Percentage of patients admitted to the ICU for medical/surgical reasons 69/31 85/15 87/13 82/18

Percentage of patients admitted to the ICU for respiratory/sepsis

reasons

50/13 31/37 53/25 43/28

SAPS-3 score; mean (SD) (n = 144) 60.8 (13.9) 60.6 (16.2) 60.0 (14.0) 60.5 (14.9)

DEX dexmedetomidine, SOC standard of care, SOCDEX standard of care ? dexmedetomidine, BMI body mass index, SD standard deviation,

ICU intensive care unit, SAPS Simplified Acute Physiology Score
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p = 0.001) groups. However, the DEX group had a sig-

nificantly lower number of VTS points per day (24 h) than

the SOC and SOCDEX groups during the entire stay:

47.7± 15.3 versus 55.9± 22.0 or 53.3± 11.0, respectively;

p = 0.046 versus SOC; p = 0.198 versus SOCDEX.

Fourteen patients died during the study and severe non-

fatal AEs were registered in four. None of the registered

deaths or AEs were considered related to the sedation used

during weaning from MV.

4 Discussion

Our central finding was that patients sedated with DEX

alone were more rapidly weaned despite a longer time on

MV prior to weaning; however, patients receiving SOC

sedation had a shorter time on MV as well as a shorter ICU

stay.

Some of the limitations of this study must be acknowl-

edged before offering any interpretation of the data. Firstly,

we could not design a randomized study because Swedish

legislation requires that patients must give consent before

they can be enrolled. Mechanically ventilated ICU patients

cannot therefore be included in a study before they improve

to the point where they can provide informed consent. This

contributed to a natural selection of our case-mix, with the

most debilitated patients or those with severe complica-

tions after a long ICU stay tending to be excluded due to

the legislative obstacles to obtaining consent. Those

obstacles also contributed to very slow patient recruitment,

which led to enrolment of additional centres. Several of

these ended up by not recruiting as many patients as

expected leading to the study being concluded before it had

reached its planned enrolment target of 250 patients.

Owing to the early termination of the study, we could not

generate sufficient data to fulfil all secondary endpoints.

The findings and conclusions of this research must there-

fore be viewed with caution until further studies have been

conducted in this area, perhaps in jurisdictions that permit

informed consent to be waived in ICU situations. This was,

moreover, a retrospective investigation and may have been

subject to record-based biases. Furthermore, our patients

were sedated using various drug regimens and were

grouped exclusively based on the drugs used during

weaning. The effects of the different drugs used before and

after weaning, might have exerted an influence on some of

the results but probably not on the primary outcome.

DEX has been introduced for sedation in the ICU as a

non-c-aminobutyric acid-ergic agent with a distinct phar-

macological profile but its role during the weaning period

has not been fully elucidated. Previous reports in this area

have indicated benefits from DEX in weaning ventilated

patients affected by agitation and/or delirium [26–28].

Delirium was identified in very few of our patients and

although anxiety was identified in a quarter of SOCDEX

patients during weaning (and in 20–40% of patients in

every group after extubation) it cannot be regarded as a

robust proxy measure of pre-weaning agitation. To that

extent, ours may have been a less acutely problematic ICU

population than was examined in earlier studies. Never-

theless, in our investigation, as in the other studies, DEX

appeared to facilitate weaning compared with conventional

sedatives. Patients who can be sedated with DEX alone are

expected to be more arousable and more able to commu-

nicate than those who receive SOC and that may have been

one factor that contributed to a shorter weaning time in the

DEX group [2].

Table 2 Median durations, with 25th to 75th percentiles in parentheses, of the study periods

Group ICU admission until

intubation (h)

Intubation until ‘fit

for weaning’’ (h)

Period 2: ‘fit for weaning’’ until

extubation (weaning) (h)

Period 3: extubation until

ICU discharge (h)

Total length of

ICU stay (days)

DEX 0.6 (-1.7–15.0) 79.1 (43.4–122.3) 5.4 (1.6–20.3) 56.6 (37.1–96.7) 7.1 (4.6–10.7)

SOC 1.1 (0.0–5.9) 37.0 (24.0–64.0) 17.8 (5.0–31.8) 49.7 (26.2–74.8) 4.9 (3.3–7.1)

SOCDEX 3.9 (0.3–19.0) 48.5 (30.6–77.8) 26.3 (16.8–38.1) 61.5 (35.1–122.2) 6.8 (5.1–9.3)

DEX dexmedetomidine, SOC standard of care, SOCDEX standard of care ? dexmedetomidine, ICU intensive care unit

Fig. 2 Time from being fit for weaning until extubation for the

different treatment groups. p = 0.006 DEX vs SOC; p\0.001 DEX

vs SOCDEX. DEX dexmedetomidine, SOC standard of care,

SOCDEX standard of care ? dexmedetomidine
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Our observations of total time on MV and LOS in the

ICU are at variance with the results of randomized studies

in which the duration of MV was shorter in patients who

received DEX than in those sedated with conventional

agents [2, 13]. By contrast, in this research the interval

from intubation to ‘fit for weaning’ in patients treated with

DEX was[30 h longer than in either of the comparison

groups. We are unable to say whether that difference is

grounded in specific medical factors in the DEX group

such as the greater prevalence of severe respiratory disease

in the DEX group (Table 1 and electronic supplementary

material), or whether it perhaps reflects caution among

investigators using DEX. Given that the drug was newly

available in Sweden at the start of our research it is plau-

sible that weaning attempts were delayed in the DEX

group until the investigators were fully satisfied of the

prospects of success. Such measures could have con-

tributed to the rapidity of weaning in the DEX group while

producing no comparable reduction in the duration of MV.

A related possibility is that patients may have been

switched to DEX some time prior to weaning to facilitate

control of neurology and training of spontaneous ventila-

tion. Those patients who tolerated a single sedative may

thereafter have had fast and uneventful weaning. The

increased use of DEX in the SOCDEX group and the

continued widespread use of other sedatives in that group

offer some indirect support to the conjecture that patients

who can be maintained with a single sedative may have

better prospects for rapid weaning.

HRQoL at follow-up, measured using the 15D, showed

better aggregate scores in the DEX group than the SOC-

DEX group. These data may also be an indication that the
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need for more than one sedative agent during weaning may

anticipate less favourable outcomes. A direct impact of

ICU sedation on HRQoL during long-term follow-up is

hard to establish but there appear to be no longer-term

detrimental effects to offset the early gains of lighter

sedation and shorter duration of MV [29].

Few patients fulfilled criteria for a diagnosis of PTSD in

this study and no treatment-related themes were identifi-

able. The reported prevalence of PTSD symptoms in ICU

survivors is highly variable but several recent publications

on this theme have cited higher rates than earlier research

[25, 30–32]. The low rate of PTSD found among our

patients may be a coincidence, the result of restricted sta-

tistical power or a reflection of the application in Sweden

of modern principles of ICU sedation and nursing practice

[33–35].

Costs of care based on the number of VTS points per

day (24 h) were highest during the weaning period in the

DEX group, but lowest in the same group for the entire

ICU stay. Given the procedural difficulties that affected the

conduct of this investigation the resilience of these data is

unclear and further research into this aspect of DEX use is

needed.

5 Conclusion

In conclusion, this retrospective investigation in patients in

Swedish ICUs produced indications that use of DEX for

sedation was associated with more rapid weaning from MV

than sedation with SOC agents and with indications of

better HRQoL during post-discharge follow-up. However,

the obstacles to recruitment of patients mean that these

findings are suggestive rather than conclusive and require

further investigation in well-powered studies.
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Appendix

See Table 4.

Table 4 Details of the participating centres

Centre no. Name of centre No. of patients enrolled

1 Anaesthesia and Intensive Clinic, Danderyds Hospital, Stockholm 18

2 Anaesthesiology Clinic, St Görans Hospital, Stockholm 6

3 Anaesthesia and Intensive Care Clinic, University Hospital, Örebro 17

4 Anaesthesia and Intensive Care Clinic, Akademiska Hospital, Uppsala 9

5 Södersjukhuset MIVA, Stockholm 7

6 Intensive Care Unit, University Hospital, Linköping 10

7 Anaesthesia and Intensive Department, Gävle 8

8 Intensive Care Unit, Norra Älvsborgs Country Hospital, Trollhättan 22

9 Nyköpings Hospital, Nyköping 14

10 Intensive Care Unit, Centralsjukhuset, Karlstad 17

11 Intensive Care Unit, Västerviks Hospital, Västervik 9

12 Intensive Care Unit, Helsingsborgs Hospital, Helsingborg 1

13 Intensive Care Unit, Sundsvall-Härnösand Hospital, Sundsvall 7

14 Intensive Care Unit, Norrtälje Hospital, Norrtälje 3

15 ICU, Skellefteå Hospital, Skellefteå 4
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