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Abstract

Objective: To examine the effects of a nurse-applied sedation and 
analgesia algorithm on sedative doses, duration of mechanical ventilation (MV), 
patient comfort, morbidity and mortality. 

Design: Before-and-after prospective, observational study. 

Setting: 26-bed Surgical ICU in Caen University Hospital. 

Patients: Mechanically ventilated patients with sedation predicted to last 48 
hours and without brain injury, between November 2014 and April 2017.

Intervention: Setting up an algorithm considered as recommended 
common practice.

Measurements and Main Results: A total of 1156 mechanically ventilated 
patients were admitted during the study period. Among the 145 eligible patients, 
100 were included during a « Before » period and 45 during an « After » period. 
The duration of MV after inclusion was significantly shorter in the « After » 
period (11 vs 8 days, p = 0.042), as the duration of target RASS (-2 to 0) was 
significantly longer (0 vs 1 day, p = 0.038), the duration of RASS > - 2 was 
significantly shorter (7 vs 3 days, p < 0.001), and the dose of sedatives was 
significantly decreased (1330 vs 315 mg, p < 0.001 for hypnotics and 1803 
vs 900 µg, p < 0.001 for opioids, respectively) along with the sedation cost 
(25 vs 12 euros, p = 0.004). The patients experienced less ventilator-acquired 
pneumonia (VAP) and delirium during the « After » period (55% vs 24%, p = 
0.004, and 41% vs 27%, p = 0.015, respectively).

Conclusions: The nurses’ implementation of a sedation-analgesia 
algorithm was associated with a trend towards a reduction in duration of MV and 
ICU length of stay. Moreover, the prevalence of VAP and delirium was reduced. 
This type of algorithm is necessary to reduce the morbidity and mortality 
associated with MV.

Keywords: Sedation; Analgesia; Algorithm; Intensive care unit; Ventilator-
acquired pneumonia; Delirium

Introduction
In intensive care units (ICU), the main objectives of sedation 

and analgesia are to ensure the safety of critically ill patients during 
therapeutic and diagnostic procedures, as well as their physical and 
psychological comfort. Furthermore, sedation and analgesia are an 
important part of treatment during the acute phase of life-threatening 
illness, such as acute respiratory distress syndrome, severe neurologic 
aggression, and shock [1].

To limit the risks associated with sedation and analgesia, [2,3]. 
Standardized and repeated evaluation of efficacy and adequacy is 
mandatory at every stage of the patient’s clinical evolution [4]. This 
recommendation is widely accepted by physicians and based on 
validated clinical scales such as the Richmond Agitation-Sedation 
Scale (RASS) [5,6] scale and the Behavior Pain Scale (BPS) [7] 
quantifying consciousness, pain, and comfort in patients with 
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mechanical ventilation (MV).

Thus, implementation of a dynamic sedation and analgesia 
algorithm has been shown to improve drug administration, patient 
comfort, awakening and cooperation. Because of their permanent 
presence next to patients, the transfer of the management of sedation-
analgesia to nurses should result in a fine adaptation of the dosages 
without significant mismatch or disruption. This practice was initiated 
by Kollef et al in 1998, [8] followed by Kress et al in 2000 [9]. and 
adopted in US4 and French1 guidelines. Indeed, these studies showed 
a decreased duration of MV and length of stay in the ICU. However, 
the studies were carried out in medical or polyvalent ICUs [10,11]. 
Which are not representative of a surgical ICU. This is of importance, 
since it has been shown that patients may differ substantially between 
medical and surgical ICUs [12].

Consequently, the aim of the present study was to examine effects 
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of the implementation of a nurse-controlled sedation and analgesia 
algorithm on sedative drug consumption reduction, major clinical 
outcomes, and patient comfort in a surgical ICU. 

Materials and Methods
We conducted a prospective, « Before-After » interventional 

study in the 26-bed surgical ICU of Caen University Hospital 
between November 2014 and April 2017. The study was approved 
by the local Ethical Committee (CPP Nord Ouest III, CHU de Caen, 
Caen, France) under the number A14-D65-VOL.23, on December 06, 
2014. The committee considered it as part of routine practice, and 
patient approval was not required. However, written information 
was systematically given to each included patient or to their next 
of kin. The study is recorded in ClinicalTrials with the number 
NCT03186521.

Inclusion criteria`
All patients aged 18 years or older, admitted to the ICU, and 

anticipated to require more than 48 hours of sedation and analgesia 
were eligible and assessed for enrollment.

Non-inclusion criteria
Patients were not eligible if they were under guardianship or < 

18 years; pregnant; under palliative care; experiencing brain injury; 
presenting with an initial Glasgow Coma score < 14; receiving 
neuromuscular blocking agents at the time of enrollment; under 
therapeutic sedation (Acute Respiratory Distress Syndrome, acute 
severe asthma, intracranial hypertension, etc.); or admitted following 
resuscitated cardiac arrest.

Exclusion criteria
Patients were excluded from the study if they were extubated or 

dead within 48 hours after inclusion.

Study protocol
Patients admitted to the surgical intensive care unit with oro-

tracheal intubation and mechanical ventilation were recorded by one 
of the two principal investigators (VP and YB). 

« Before » Period: Sedation and analgesia was exclusively 
managed by the attending physician, guided by the Richmond 
Agitation-Sedation Scale (RASS) [5,6] and Behavior Pain Scale (BPS) 
[7] and recorded every 4 hours by nurses. The dosage and choice of 
the hypnotic drug (Propofol® or Midazolam®) was at the discretion of 
the physician, and the only opioid used was Sufentanil®.

Between the two periods, principal investigators conducted 
several informational meetings with the paramedical teams and the 
medical staff.

« After » Period: Following medical prescription, the patient’s 
sedation and analgesia was managed by the ICU nurses according to 
the protocol displayed in each bedroom (see Appendix 1).

A flow chart of the study design is depicted in Figure 1. During 
the study period, 1156 intubated and mechanically ventilated patients 
were admitted to the surgical ICU of Caen University Hospital. 
Among the 1014 non-eligible patients 507 (50%) were sedated less 
than 48 hours and 304 (30%) had an initial Glasgow coma score < 14.

Among the 145 eligible patients (12.5%), 100 were included 

during the « Before » period and 45 during the « After » period.

Data collection
The anonymized data were recorded on an eCRF platform based 

on OpenClinica® (OpenClinica, LLC, Waltham, Massachusetts, USA).

Data recorded were as follows:

Patient demographic characteristics: Age, sex, body mass index, 
medical and surgical history, tobacco consumption, reason for ICU 
admission and simplified acute physiology score (SAPS II) [13].

Data related to mechanical ventilation: ICU and hospital length of 
stay, total duration of MV (primary end-point), duration of MV after 
inclusion, duration of sedation, duration of « comatose » (defined as 
the time between cessation of sedative drugs and response to simple 
orders), duration of weaning from mechanical ventilation (defined 
as the time between the first spontaneous breathing challenge and 
extubation) (see Appendix 2).

Data related to sedation: Sedation was evaluated by the RASS 
recorded at inclusion, the number of days with an RASS between -2 
and 0, the number of days with an RASS > -2; analgesia was evaluated 
by the BPS at inclusion, the number of days with a BPS < 5 and with 
a BPS > 5, cumulative doses of sedative drugs (hypnotics, opioids and 
neuromuscular blocking drugs), and the cost of sedation according to 
the total doses in euros (€).

Clinical outcomes: Occurrence of ventilator-acquired pneumonia 
(VAP), [14] re-intubation, use of non-invasive ventilation or 
tracheotomy, gastrointestinal injury defined as the occurrence of 
digestive hemorrhage or peritonitis, occurrence of delirium according 
to the Confusion Assessment Method for Intensive Care Unit (CAM-
ICU) [15]. duration of delirium, need for neurologic explorations 
for delayed awakening (excessive duration of comatose without 
hypnotics), self-extubation; occurrence of cardiac and hemodynamic 
failure, duration of vasopressors and/or positive inotropic drugs, need 
for renal replacement therapy, Sequential Organ Failure Assessment 
(SOFA) [16] score at D0, D3, D7, D14, D28, and ICU discharge, and 
death in ICU.

Statistical analysis
The number of patients required was calculated based on a 50% 

decrease in the duration of mechanical ventilation (primary end-
point of the study) during the « After » period. In our surgical ICU, 
the mean duration of mechanical ventilation was 10 ± 1 days. Setting 
the alpha risk at 5% and the beta risk at 90%, the number of patients 
required was 100 in each period.

Quantitative data are expressed as the mean ± SD, or median with 
confidence intervals at 95% [CI 95%], according to the normality of 
their distribution, and were compared using the Mann–Whitney 
non-parametric U test when data were not normally distributed, or 
Student’s t-test for normally distributed data. Categorical data are 
expressed as percentages and were compared using the Fisher’s exact 
test when data were not normally distributed, or the Chi-square test 
for normally distributed data.

The normality of the distribution was determined by the Agostino 
Pearson test. The level of significance was set at p < 0.05 between the 
two periods tested (Before/After).
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All statistical analyses were performed with software R 3.4.0: A 
Language and Environment for Statistical Computing (R Foundation 
for Statistical Computing©, Vienne, Austria).

Results
Patients characteristics

Demographic and main characteristics of the patients are 
reported in Table 1. There were no significant differences between the 
two periods, except for tobacco consumption, which was lower in the 
« After » period (39 ± 24 vs 25 ± 14, p = 0.033). 

Data related to mechanical ventilation and sedation 
Table 2 reports data on MV and sedation during the ICU stay. 

The ICU length of stay was shorter in the « After » period (26 [16;36] 
vs 16 [12;30], p = 0.059). 

The total duration of MV was not significantly different between 
the « Before » and « After » periods (15 [9;22] vs 11 [8;17], p = 0.140).

The durations of MV after inclusion and sedation were significantly 
shorter during the « After » period (11 [7;18] vs 8 [5;11.5], p = 0.042, 
and 7 [5;14] vs 7 [3;9], p = 0.042, respectively). Consumption and cost 
related to sedation and analgesia were decreased during the « After » 
period (1330 vs 315 mg, p < 0.001 for hypnotics and 1803 vs 900 µg, 
p < 0.001 for opioids, respectively; 25 vs 12 euros, p = 0.004 for the 
cost).

Data related to complications of critical illness 
Table 3 shows clinical outcomes recorded during the ICU stay.

Adverse events related to an inappropriate depth of sedation were 
not different between the two periods. 

The occurrence of VAP and delirium were significantly decreased 
during the « After » period (55% vs 24%, p = 0.004, and 41% vs 27%, p 
= 0.015, respectively). There was no significant difference in mortality 
between the two periods. 

Discussion
The present study showed that implementation of a sedation 

analgesia protocol in a surgical ICU improved the management 
of sedation and decreased the duration of MV after inclusion, 
the incidence of VAP and delirium. Furthermore, the decrease in 
hypnotic drugs and opioid consumption resulted in a 50% decrease 
in cost of sedation analgesia.

Complications associated with excessive sedation negatively 
impact the morbidity and mortality of patients. [2,3,8] Kollef et al, 
were the first to showed in 1998 that patients receiving intravenous 
continuous sedation had durations of MV, ICU and hospital lengths 
of stay longer than those who did not receive sedation or intermittent 
sedation.8 Subsequently, several studies have shown that sedation 
protocols managed by the nursing team reduced the duration of MV 
[17-19].

Our study is far from being the first to be reported, but few studies 
have been carried out in an exclusively surgical ICU, and few have 
reported on the serious adverse effects that excessive sedation can 
induce, such as the occurrence of VAP [19,20].

In contrast to the previously mentioned precursors, but similar 

to some others, [21,22] we were unable to demonstrate a significant 
difference regarding duration of MV in patients with sedation-
analgesia protocol managed by the nursing team, according to 

Baseline Characteristics BEFORE Period
(n = 100)a

AFTER Period
(n = 45)b p Value

Age (years) 61 ± 20 65 ± 14 0.177

Male gender 68 (68%) 38 (84%) 0.062

BMI 29 ± 8 28 ± 6 0.328

Underlying diseases

•	 Psychiatric	illness 16 (16%) 8 (18%) 0.711

Psychotropic treatment 14 (14%) 7 (16%) 1.000

•	 Chronic	alcoholism 25 (25%) 14 (31%) 0.259

Number of drinks per day 3.6 ± 1.8 5.7 ± 3.8 0.447

•	 Chronic	smoking 60 (60%) 21 (47%) 0.415

Number of packs-years                                       39 ± 24 25 ± 14 0.033

Reason for ICU admission

Respiratory distress 26 (26%) 7 (16%) 0.202

Shock 46 (46%) 25 (56%) 0.369

Trauma 7 (7%) 4 (9%) 0.738

Scheduled surgery 7 (7%) 3 (7%) 1.000

Other 14 (14%) 6 (13%) 1.000

SAPS II 49 [38; 61] 53 [38; 64] 0.622

 Table 1: Baseline characteristics according to before and after Periods.

Clinical Characteristics
BEFORE 

Period
(n = 100)a

AFTER 
Period

(n = 45)b

p 
Value

ICU length of stay (days) 26 [16; 36] 16 [12; 30] 0.059

Hospital length of stay (days) 47.5 [30; 62] 39 [25; 57] 0.251

Related to Mechanical Ventilation (MV)

Duration of total MV (days) 15 [9; 22] 11 [8; 17] 0.140

Duration of MV before inclusion (days) 1 [1; 2] 1 [0; 3] 0.286

Duration of MV after inclusion (days) 11 [7; 18] 8 [5; 11.5] 0.042

Duration of sedation (days) 7 [5; 14] 7 [3; 9] 0.042

Duration of Comatose (days) 1 [0; 3] 0 [0; 2] 0.102

Duration of weaning from MV (days) 3 [1; 7] 1.5 [1; 5] 0.063

Related to Sedation

RASS at inclusion -5 [-5; -4] -5 [-5; -4] 0.311

Target RASS (-2 to 0) (days) 0 [0; 2] 1 [0; 3] 0.038

RASS > -2 (days) 7 [4; 12] 3 [2; 5] < 
0.001

BPS at inclusion 3 [3; 3] 3 [3; 3] 0.430

Target BPS (< 5) (days) 7 [4; 14] 5 [3; 7] 0.002

BPS > 5 (days) 0 [0; 0] 0 [0; 0] 0.902

Total cumulative doses
Midazolam (mg) Propofol (mg)
Opioids (μg) Neuromuscular blocking 
agents (mg)

1330 [518; 
2544] 

0 [0; 4976]
1803 [1098; 

4290]
0 [0; 50]

317 [15; 
720]

0 [0; 10360]
900 [450; 

1680]
0 [0; 125]

< 
0.001 
0.514

<0.001 
0.309

Cost of sedation (€) 25 [13; 67] 12 [7; 34] 0.004

Table 2: Clinical characteristics related to mechanical ventilation and sedation.



Austin Crit Care J 6(1): id1028 (2019)  - Page - 04

Pottier V Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

objectives of RASS and BPS, compared to those whose sedation was 
managed by the medical team outside of any protocol. Frawley et al. 
[23] showed a decreased mean duration of MV in a retrospective study 
from before to after the introduction of a new sedation protocol. They 
changed the first-line analgesic/sedative agents from pharmacokinetic 
long-acting agents to pharmacokinetic brief-acting agents. Perhaps 
we should not have left the choice of the hypnotic (Midazolam® or 
Propofol®) to the discretion of the physician because Midazolam® was 
more widely chosen, although there was a significant difference in its 
use between the « Before » and « After » periods. Another mistake 
might have been not to change the opioid between the two periods.

However, the duration of MV after inclusion was significantly 
shorter in the « After » group (11 [7, 18] vs 8 [5, 11.5], p = 0.042). 
Moreover, there is a trend toward a reduced ICU length of stay (10 
days) in patients of equivalent severity (see SAPS II). Similarly, the 
duration of sedation was significantly shorter in the « After » group 
and correlated with doses of sedatives as well as cost. The target RASS 
(-2 to 0) was significantly longer, and the RASS « exceeded » (> - 2) 
shorter in the « After » group. The duration of weaning from MV 
also showed a downward trend in the « After » group. All of this 
contributes to suggesting a reduction in the morbidity and mortality 
of patients and a considerable benefit in terms of hospital economics.

In fact, the introduction of and adherence to the A (Assess, 
prevent and manage pain) B (Both awakening and spontaneous 
breathing trial coordination) C (Choice of analgesic and sedation) 
D (Delirium: assess, prevent and manage) E (Early mobility and 
exercise) F (Family engagement and empowerment) bundle [24] is 
associated with improved patient-centred outcomes such decreased 
MV [25,26], hospital length of stay and so hospital cost [25], as well 
as improved ICU readmission rates and discharge disposition of ICU 
survivors [26]. 

Nevertheless, the A was not easy to achieve in our study because 
if the implementation of the protocol was beneficial regarding some 
parameters without major adverse events, there was a parameter that 
was worse in the 2nd period: BPS. There is a balance to obtain, which 

is not easy.

The objective of implementing a sedation protocol is to decrease 
the duration of MV and, consequently, the risk of VAP associated with 
it [27]. This disease, with its significant mortality and considerable 
morbidity, particularly in terms of prolonging ICU and hospital 
length of stay, is relatively frequent [28,29]. Thus, in our study, 66 
patients (45.5%) experienced VAP, which is in line with the literature. 
However, in the « After » group, patients whose total duration of MV 
was shorter by 3.5 days, only 11 (24.4%) patients experienced VAP 
compared to 55 (55%) in the « Before » group (p = 0.004). This result 
is consistent with the results of Quenot et al., who showed a decrease 
in the VAP rate from 15 to 6% (p = 0.005), while the duration of MV 
decreased from 8 [2.2-22] to 4.2 [2.1-9.5] days (p = 0.001) following 
the implementation of a sedation protocol managed by nurses [30].

Therefore, the reduction of doses and duration of sedation 
and MV should be a constant objective, although the current 
recommendations include avoiding sudden withdrawal of drugs in 
order to limit the risk of withdrawal syndrome [1,31]. However, its 
incidence remains high, varying from 11 to 80% according to other 

Figure 1: Flow chart of the study.

Complications of Critical Illness
BEFORE 

Period
(n = 100)a

AFTER 
Period

(n = 45)b
p Value

Respiratory Failure 67 (67%) 22 (54%) 0.093

VAP 55 (55%) 11 (24%) 0.004

Replacement of Endotracheal tube 23 (23%) 17 (38%) 0.654

Time limit of reintubation (days) 3 [0.5; 7.5] 4 [1.5; 10] 0.476

NIV 37 (37%) 18 (40%) 0.751

Tracheotomy 4 (4 %) 2 (4 %) 1.000

Gastro-intestinal Injury 39 (39%) 17 (38%) 1.000

Neurological Injury 51 (51%) 24 (53%) 0.093

Delirium (CAM-ICU +) 41 (41%) 12 (27%) 0.015

Duration of delirium (days) 5 ± 4 7 ± 8 0.548

Self-extubations, tear off devices, etc. 9 (9%) 6 (13%) 0.558
Resort to cerebral imaging for wake-up 
delay 4 (4%) 2 (4%) 1.000

Cerebral Scan 0 2 (4%) 0.067

MRI 1 (1%) 1 (2%) 1.000

EEG 4 (4%) 1 (2%) 0.333

Cardiac and/ or Hemodynamic 88 (88%) 38 (84%) 1.000

Duration of catecholamines (days) 7 [4; 11.5] 5 [3; 10] 0.416

Renal Injury 66 (66%) 35 (78%) 0.098

Resort to RRT 50 (50%) 25 (56%) 0.66

SOFA Score

D0 7 [5; 10] 9 [6; 11] 0.088

D3 6 [3; 9] 6 [4; 10] 0.474

D7 4 [2; 7] 4 [2; 8] 0.579

D14 4 [1; 7] 3.5 [1; 7] 0.982

D28 3 [1; 7] 5 [3; 7.5] 0.114

ICU discharge 0 [0; 1] 1 [0; 2] 0.071

Death 28 (28 %) 18 (40 %) 0.228

Table 3: Patient characteristics related to complications of critical illness.
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studies. Ouimet et al., in a prospective observational study dating 
from 2007, estimated withdrawal at 31.8%. The use of sedation-
analgesia multiplied the risk of experiencing delirium by 3.2 [1.5-
6.8] [32]. In our study, the incidence of delirium was 36.5%, but the 
implementation of the protocol allowed a significant reduction of 
its incidence, as well as the recent studies on the ABCDEF bundle 
[26,33].

Similar to the studies cited above, it is important to note that in 
our study, there was no significant difference between the two groups 
regarding the occurrence of adverse events due to an inappropriate 
depth of sedation, or even a tendency to decrease them. Therefore, it 
is safe to entrust the management of sedation to the paramedical team 
according to a previously established protocol. 

Finally, the studies all raise the importance of a regular monitoring 
of the state of vigilance, pain and confusion of critically ill patients.

Our study has several limitations, which must require prudent 
conclusions and interpretations to be made. First, it was a monocentric 
study. 

Second is the lack of power; the study was interrupted for 
logistical reasons before reaching the number of subjects needed to 
demonstrate a significant result. Indeed, there is only a tendency to 
decrease the duration of MV by 3.5 days.

Third, the sedation protocol may not be optimal, for example, by 
a greater reduction in sedative drugs at each assessment in order to 
achieve the RASS objectives more quickly. The principal investigators 
were able to note that a low RASS score did not systematically result 
in a corresponding decrease in the administered doses. This weak 
adherence to the sedation protocol has already been noted, and other 
studies proposed suggesting the participation of a pharmacist [34] or 
focusing on initial team education [35,36]. Nevertheless, our teams 
had been using the RASS and BPS scores for more than 3 years at 
the start of the study, and ten meetings were held at the protocol 
implementation and before the « After » period. We can assume 
that the nurse/patient ratio was too low in our service and did not 
always allow dose changes when the RASS was excessive. Sometimes, 
a different nurse alert the nurse of the excessive RASS if the nurse in 
charge of the patient is busy, but without touching the syringes, just 
to move the protocol forward. We can also point out their timidity 
in regard to having more responsibilities: they are not all motivated 
in the same way. Nevertheless, the difference in RASS was significant 
even if the practices were imperfect and are perfectible.

The fourth limitation is the non-randomized nature of the study, 
which may limit its impact; the two groups did not show any significant 
difference on the criteria studied, except for the significantly lower 
consumption of tobacco in the « After » group, which may have a 
beneficial impact on the occurrence of delirium. Indeed, a history 
of active smoking is an independent factor of agitation in intubated 
patients, as seen in Lucidarme et al. in 2010 [37].

Conclusion
This study did not demonstrate a reduction in the duration of 

MV when the « comfort » sedation of ICU patients was managed 
by the nursing team using a protocol. However, ICU length of stay 
had a tendency to decrease, correlated with a significant decrease in 

sedative drugs and their cost and possibly associated with a significant 
reduction in incidence of VAP and delirium. 

Moreover, the association of a daily interruption of sedation 
with the implementation of a protocol, 9, 11, [38] the decline of 
benzodiazepines in favor of Dexmedetomidine® [31,39,40], or respect 
for the sleep-wake cycle [41] or music therapy, are all research tracks 
that invite us to carry out complementary studies aimed at improving 
the prognosis and the experience of patients admitted to the ICU, 
which is a source of reduction in post-traumatic stress disorder [42] 
and in mortality [43].
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