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in Surgical Intensive Care
Ralph Schneider, Andreas Puetz1, Timon Vassiliou1, Thomas Wiesmann1, Ulrike Lewan1, Hinnerk Wulf1, Detlef K. Bartsch, Caroline Rolfes1,2
Department of Visceral, Thoracic and Vascular Surgery, Philipps University Marburg, 1Department of Anaesthesiology and Intensive Care Therapy, Philipps University
Marburg, 2Clinic of Anesthesiology and Intensive Care Medicine, University of Cologne, Germany

Abstract
Aims: Sedation, as it is often required in critical care, is associated with immobilization, prolonged ventilation, and increased morbidity. Most
sedation protocols are based on benzodiazepines. The presented study analyzes the benefit of benzodiazepine‑free sedation. Methods: In
2008, 134 patients were treated according to a protocol using benzodiazepine and propofol (Group 1). In 2009, we introduced a new sedation
strategy based on sufentanil, nonsteroidal anti‑inflammatory drugs, neuroleptics, and antidepressants, which was applied in 140 consecutive
patients (Group 2). Depth of sedation, duration of mechanical ventilation, duration of Intensive Care Unit, and hospital stay were analyzed.
Results: Group 1 had both a longer duration of deep sedation (18.7 ± 2.5 days vs. 12.6 ± 1.85 days, P = 0.031) and a longer duration of
controlled ventilation (311, 35 ± 32.69 vs. 143, 96 ± 20.76 h, P < 0.0001) than Group 2. Ventilator days were more frequent in Group 1
(653, 66 ± 98.37 h vs. 478, 89 ± 68.92 h, P = 0.128). Conclusions: The benzodiazepine‑free sedation protocol has been shown to significantly
reduce depth of sedation and controlled ventilation. Additional evidence is needed to ascertain reduction of ventilator days which would not
only be of benefit for the patient but also for the hospital Management.
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Introduction
Sedation and analgesia are required in most mechanically
ventilated patients.[1,2] Thus, stress‑induced reactions such
as agitation, anxiety and pain, hypermetabolism, sodium
and water retention, hypertension, tachycardia, and impaired
wound healing are reduced or prevented.[3‑6] Insufficient or
excessively deep sedation can lead to increased morbidity
and prolonged stay in the Intensive Care Unit (ICU) and
consecutively to increased costs.[7‑10]
Ten years ago, in Europe, the most commonly used medication
for continuous sedation was midazolam. In 2002, the Society
of Critical Care Medicine recommended combining it with
propofol for short‑term and the use of lorazepam for long‑term
sedation.[11,12] Adequate analgesia should also be applied since
there are indications that 70% of intensive care patients recall
severe pain during treatment whereas 70%–90% of ICU nurses
and physicians consider their patients pain‑free.[6,13] Most
patients do not ask for analgesia despite the presence of moderate
to even severe pain while the medical staff is concerned about
possible adverse physiologic response to increased dosage.[13]
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The primary goal of the presented study was to evaluate the
influence of midazolam on the weaning period analyzing
the “time to extubation” in postoperative mechanically
ventilated patients in comparison to patients treated with the
innovative benzodiazepine‑free concept. A new analgesic,
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Several studies report the increasing use of sedation protocols,
tools for scoring the level of sedation, and a target end‑point
of light sedation that enables patients to interact with their
environment.[1,2,14‑17] This goal‑oriented sedation management
allows earlier spontaneous breathing, quicker weaning, and
shorter ICU stay.[12,18‑21] The ability to sedate the patients deeply
for necessary interventions with short‑acting medication so
that the patient quickly regains responsiveness and cooperation
is retained.[12,18] However, the optimal strategy in sedation
management is still controversial and differs widely.[22‑28]
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nonbenzodiazepine sedation concept allowing quicker weaning
was introduced in the ICU during the study period. The new
concept also uses a standardized protocol for analgesic sedation
with the option of situational adaptation.

Methods
The period of the presented study included 2 years, from
January 2008 to December 2009. All patients treated with
mechanical ventilation on the surgical ICU were analyzed.
Patients admitted between January and December 2008
formed Group 1 whereas the following went into Group 2.
The essential treatment change was the introduction of the
new sedation protocol on 1 January, 2009.
As a standard procedure, early percutaneous tracheotomy
within 2 days after surgery was performed to prevent
tube‑associated comorbid conditions. Responsive patients were
asked to indicate pain levels on a visual analog scale (ranging
from 0 [no pain] to 10 [maximum] on a linear scale) to monitor
the effects of the analgesic therapy aiming at ratings of less
than four points.
All patients received daily neurological examination using or
the Richmond Agitation Sedation Scale (RASS)[55,56] [Table 1]
or the Ramsay Sedation Scale (RSS)[57] [Table 2] to direct
sedation management as quickly as possible to ratings of RASS
0 or RSS 2–3. Propofol was substantially reduced or ceased
earliest continuing analgesic sedation with intravenous (iv)
sufentanil (25–200 µg/h).
Additional nonsteroidal analgesics such as metamizole or
paracetamol were prescribed to maximum doses of 4 × 1 g/day.
The use of antidepressants and neuroleptics protecting the
patient from posttraumatic stress syndrome and ease adaptation
was determined on an individual basis (amitriptyline
25–150 mg/day iv, haloperidol 4 × 5 mg/day [up to 40 mg/
day], sertraline 25–200 mg/day). Patients who qualified for
regional anesthesia were adequately informed and given the
consent, treated accordingly.
The parameters “eventual use of midazolam” and “duration
of mechanical ventilation >72 h” were appreciated since in
92% of hospitals surveyed, midazolam was the preferred
sedative for long‑term sedation.[1,12] To represent these findings,

subgroups were distinguished. Group 1 >72+ comprised all
2008 patients with both mechanical ventilation for more than
72 h and midazolam treatment. Group 2 >72− comprised all
2009 patients mechanically ventilated for >72 h not treated
with midazolam.
The data set comprised patient age, gender, surgical
indication, eventual use of regional anesthesia, duration
of hospital stay (ICU/total hospital stay), and outcome
(survival/death). Furthermore, type and route of ventilation
(bilevel positive airway pressure [BIPAP], continuous positive
airway pressure [CPAP], or noninvasive ventilation/through
tube or tracheotomy) as well as duration of deep sedation
(RASS − 5/−6 or RSS 6/5/4) and duration of low sedation or
alertness were reported.
The study data were analyzed using SPSS software (Statistical
Product and Services Solutions, version 16.0, SPSS Inc,
Chicago, IL, USA). Results are presented as mean values
with the ± standard error of the mean values. Fisher’s
exact test as well as Student’s t‑test was used to calculate
significant differences. Statistical significance was defined
for a P < 0.05.

Results
The study group consisted of 274 patients with mechanical
ventilation on surgical ICU from January 2008 to December
2009. The number of patients assigned to Group 1 (January
2008 to December 2008) was 134 which was almost equal to
the number of patients entered into Group 2 (January 2009 to
December 2009).
Subgroups as explained before were identified as “1 >72+”
consisting of 36 patients (13 female, 23 male, mean age
of 69.0 ± 11.1 years) and “2 >72−” including 50 patients
(17 female, 33 male, mean age of 69.9 ± 13.6 years).
There were no differences between the groups regarding
gender, age, “mechanical ventilation days,” “death during
mechanically ventilation,” “tracheotomy,” or “use of regional
anesthetics” [Table 3]. The mean postoperative duration of total
mechanical ventilation as well as BIPAP and CPAP ventilation
is shown in Table 4; only the duration of BIPAP ventilation
differed between groups.

Table 1: Richmond Agitation Sedation Scale (RASS)
Score

Term

Description

+4
+3
+2
+1
0
‑1
‑2
‑3
‑4
‑5

combative
very agitated
agitated
restless
alert and calm
drowsy
light sedation
moderate sedation
deep sedation
unarousable

Overtly combative, violent, immediate danger to staff
Pulls or removes tube (s) or catheter (s), aggressive
Frequent non‑purposeful movement, fights ventilator
Anxious but movements not aggressive vigorous
Not fully alert, but has sustained awakening (eye‑opening/eye contact) to voice (<10 seconds)
Briefly awakens with eye contact to voice (>10 seconds)
Movement or eye opening to voice (but no eye contact)
No response to voice, but movement or eye opening to physical stimulation
No response to voice of physical stimulation
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Extubation was successful in 50% of the patients after 643 h in
“Group 1 >72+” and after 386 h in “Group 2 >72−” [Figure 1]
(P = 0.128). Successful transfer from BIPAP to pressure
support (CPAP) ventilation was possible in 50% of the patients
after 246 h in “Group 1 >72+” and 101 h in “Group 2 >72−”
(P < 0.001) [Figure 2]. Extubation was performed successfully
in 50% of the patients on CPAP ventilation after 307 h in
Table 2: Ramsay Sedation Scale (RSS)
Score

Description

1
2
3
4

Patient is anxious and agitated or restless, or both
Patient is cooperative, oriented and tranquil
Patient responds to commands only
Patient exhibits brisk response to light glabellar tap or loud
auditory stimulus
Patient exhibits a sluggish response to light glabellar tap or loud
auditory stimulus
Patient exhibits no response

5
6

Discussion

Group 1>72+
(n=36)

Group 2>72‑
(n=50)

P

18±13
19/36 (52.8%)

17±13
19/50 (38.0%)

0.668
0.193

17/36 (47.2%)
10/36 (27.8%)

31/50 (62.0%)
13/50 (26.0%)

0.193
1.000

Table 4: Duration of mechanical ventilation in hours
Total (BIPAP and
CPAP ventilation)
BIPAP ventilation
CPAP ventilation

Group 1>72+

Group 2>72‑

Significance

654±98

479±69

0.128

311±33
327±64

144±21
376±57

<0.001
0.701

Figure 1: Kaplan–Meier analysis of the total duration of mechanical
ventilation
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Deep sedation defined by RASS‑scores >−5/−4 or
RSS‑scores <6/5/4 was significantly longer in subgroup
1 >72+ (18.7 ± 2.5 days) than in subgroup 2 >72− (12.6 ± 1.8 days)
(P = 0.031). Fifty percent of patients demonstrated no “deep
sedation” after 15 days in Group 1 >72+ and after 8 days in
Group 2 >72− [Figure 4]. The mean duration of stay in surgical
ICU was 35.3 ± 4.3 days in Group 1 >72+ and 33.2 ± 2.9 days
in Group 2 >72− (not significant [n.s.]). The mean duration
of hospital stay was 57.0 ± 9.8 days in Group 1 >72 + and
64.3 ± 8.1 days in Group 2 >72− (n.s.). The Kaplan–Meier
curves show that 50% of patients were transferred from the ICU
after 30 days in subgroup 1 >72+ and after 33 days in subgroup
2 >72− (P = 0.879) [Figure 5]. No significant difference could
be shown when analyzing the duration of hospital stay. 50%
of the patients of Group 1 >72+ were discharged after 45 days
and after 60 days in Group 2 >72− (P = 0.606) [Figure 6].
Early mobilization, weight loss, and the initiation of enteral
nutrition were not different in the two study groups.

Table 3: Outcome parameters

Days on the ventilator [days]
Death during mechanical
ventilation
Tracheotomies
Use of regional anesthesia

“Group 1 >72+” and after 341 h in “Group 2 >72−” (P = 0.7)
[Figure 3].

The presented data demonstrate that a barbiturate – free
sedation strategy significantly reduces the duration of
controlled ventilation and improves patient’s vigilance.
A significant reduction in the total of ventilation days has not
been found which may be attributable to the old average age
of the patients analyzed.
Cooperating in physiotherapy was limited due to the age of the
patients despite lighter sedation. Length of stay in the ICU or
in the hospital was not reduced because interventions became
necessary and/or secondary illness occurred significantly
delaying the date of discharge. Whether our sedation concept
shortens overall hospital stay in younger patients should be
the object of further study.

Figure 2: Kaplan–Meier analysis of the duration of bilevel positive airway
pressure ventilation
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Figure 3: Kaplan–Meier analysis of the duration of continuous positive
airway pressure ventilation

Figure 5: Kaplan–Meier analysis of duration of stay in the Intensive
Care Unit

Sedatives and analgesics facilitate mechanical ventilation and
are used to treat anxiety and agitation. However, both substance
categories can also have negative effects on ICU outcome,[29‑31]
including delirium, prolonged mechanical ventilation,
withdrawal symptoms, and immunosuppression. [30,32‑35]
Delirium and acute brain dysfunction are independent predictors
of mortality, hospital length of stay, and cognitive dysfunction
even months after discharge. [36] Prolonged mechanical
ventilation and immobility in combination with critical illness
lead to muscle atrophy, especially in older, sarcopenic patients.[37]
In a prospective study of 109 ARDS patients, survivors had a
body weight loss of 18%.[38] Immobility also induces insulin
resistance which may contribute to neuromuscular injury and
impair microvascular function. Immobilization also increases
cytokine levels and produces reactive oxygen species, resulting
in further muscle weakness.[37] Many CT scans are performed
because the patient’s cognitive status is inaccessible. We,
therefore, intended to reduce the duration of ventilation by
introducing a benzodiazepine‑free protocol based on opioids

Figure 4: Kaplan–Meier analysis of the duration in “deep sedation”

Figure 6: Kaplan–Meier analysis of duration of stay in the hospital

and additional medication allowing the combination with a
mental assessment score.
Standardization of ICU procedures can decrease the duration
of sedation and ventilation and thus substantially reduce length
of stay in hospital and overall treatment costs.[39‑41] A survey
of 261 German hospitals found that 43% had a verbal policy
for analgesia and sedation and 21% a written protocol.[6] In
British ICUs, the number standard verbal or written protocols
were present in 51% and 43%, respectively.[17] Twenty‑five
years previously, the results were similar.[42] Pain Assessment
tools are important although less frequently used than sedation
assessment tools.[43,44] A French multicenter study found that
only 50% of the patients treated with analgesics and sedatives
were systematically assessed for pain.[14] Poor pain control
results in excessive use of sedatives and consecutively in
prolonged stay in the ICU.[45]
Standardized protocols for sedation and pain control as
established in our ICU are an effective tool both in the
day‑to‑day work and scientific assessment of therapy quality
and outcome.

Indian Journal of Critical Care Medicine ¦ Volume 21 ¦ Issue 5 ¦ May 2017
Page no. 33

277

Schneider, et al.: The benefit of benzodiazepine reduction: Improving sedation in surgical intensive care

Sedation can be assessed by the RASS [Table 1] or the RSS
[Table 2]. Patient assessment by RSS is common in German
ICUs.[1] The consistent use of validated sedation scales such
as the RSS or RASS can reduce the duration of mechanical
ventilation and the length of stay on ICU as demonstrated by
recently published reviews,[46,47] evidence that is fully in line
with the findings in our study. Interestingly, patients in the
2008 group had to stay in the hospital for 60 days, whereas
the 2009 group was discharged already after 45 days though
duration of controlled ventilation was significantly shorter in
the 2008 cohort.
The overall goal of improving patient care by the implementation
of standard operating procedures is best achieved by adequate
training of all personnel involved and by adaptation of the
guidelines to the local hospital environment.[1]
The drug of choice in short‑term sedation is propofol whereas
midazolam and lorazepam are recommended for long‑term
sedation.[11] Propofol was the most commonly used agent for
sedation of a duration up to 24 h as well as during ventilation,
while midazolam served for longer‑term sedation of more than
72 h according to findings from ICUs in Germany.[6] 92% of the
hospitals agreed that the expected length of sedation played a
decisive role in selecting the medication.[6] Lorazepam was not
used in this study due to higher costs.[6] Carson et al. compared
the pharmacokinetics of propofol and benzodiazepines with
favorable results for propofol.[48]

in our study, several meta‑analyses demonstrated that epidural
anesthesia can reduce intensive care stays and the incidence
of cardiac and pulmonary complications.[51,52]
New Danish data show that a “no‑sedation” protocol
significantly reduces ventilator days, ICU stay, and hospital
stay while increasing urinary output. ICU mortality was
reduced and there were no long‑term psychological
sequels.[53,54] This no‑sedation approach is comparable to
our protocol in that it was based on morphine analgesia;
haloperidol was given if delirium was diagnosed, whereas ICU
and hospital stay durations were not significantly reduced in
our study. This might be due to the fact that the Danish study
treated patients in a medical/surgical ICU, whereas our study
population only consisted of patients after major abdominal,
thoracic, or vascular surgery. Larger prospective trials are
needed to establish whether a no‑sedation strategy is superior
to contemporary protocols.

Limitations of the study

Patient’s data in our study were assessed in retrospect and
the cohort was rather small. Nevertheless, we were able to
demonstrate significant differences with respect to the duration
of mechanical ventilation. Electrophysiological investigations
to identify critical illness neuropathy or myopathy were not
performed and we did not screen patients for symptoms of
delirium during the observation period.

American guidelines recommend fentanyl, hydromorphine,
and morphine for analgesia in all phases.[11] A German study
found that fentanyl and sufentanil were used most often for
up to 72 h and for weaning from ventilation.[6] Fentanyl was
the preferred analgesic for more than 72 h.[6] Alfentanil was
the most used analgesic in a British survey from 2000,[17] in
a Danish study, the preferred drugs were morphine (94%),
fentanyl (76%), and sufentanil (46%).[49] In our institution,
we prefer sufentanil because of its great analgesic potency
and assessable pharmacokinetics and pharmacodynamics.
Elsewhere, the use of fentanyl decreased while sufentanil was
increasingly applied in all stages of sedation.[1]

Conclusions

Data from all the cited studies show that there is conflicting
evidence about the length and depth of sedation for mechanically
ventilated patients. We introduced our new sedation concept
to avoid the negative characteristics of benzodiazepines as
there are the unfavorable halftime and severe side effects.
The lighter sedation also improves the cooperation with the
physiotherapist and allows easier assessment of vigilance and
pain. Since we had not introduced delirium screening at the
time when we changed our sedation strategy, we have no sound
data concerning the incidence of delirium.

Conflicts of interest

The additional use of regional anesthetics is recommended in
the German guidelines on analgesia and sedation.[50] Epidural
anesthesia was more frequently performed for longer than
72 h when compared to the initial survey several years ago.[1]
Although there was no increase in the use of regional anesthesia
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The study indicates that the presented benzodiazepine‑free
sedation protocol as a standard procedure allows a shortening
of the duration of mechanical ventilation with all resulting
benefits such as, earlier extubation and, improved cooperation
in physiotherapy resulting in earlier mobilization. However,
further studies are needed to determine whether the length of
stay in ICU and the incidence of delirium can be reduced by
this protocol.
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