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Abstract

Purpose The aim of this study was to analyse the effect

of an algorithm-based analgesic-sedative management on

mechanical ventilation time and length of stay in a cardi-

ological ICU with critical ill patients after sudden cardiac

arrest.

Methods We examined 100 patients after successful

resuscitation in a retrospective-prospective single-centre

trial by introducing an algorithm-based sedation manage-

ment. Demographic data, severity of illness classified by

APACHE II score (Acute Physiology and Chronic Health

Evaluation II), neurological outcome and data for mechanical

ventilation time and length of stay were acquired for both

groups.

Results We found a shorter ventilation time for young

patients without severe illness, whereby significant longer

ventilation time was observed for patients with higher

APACHE II score. Between both groups, we found no

significant differences in mechanical ventilation time and

length of stay.

Conclusions Our results demonstrate a tendency towards

a reduction of mechanical ventilation time for patients

without severe illness after sudden cardiac arrest achieved

by implementation of a new sedation management,

whereby significant longer ventilation time was observed

for severe ill patients. Because of lack of statistical sig-

nificance of our present study, a randomized study with

sufficient power is necessary to demonstrate positive

effects of a standardized sedation management and its

influence on severity of illness.

Keywords Cardiac arrest � Sedation � Management �
Mechanical ventilation � Length of stay

Introduction

Sedatives and analgesics play a key role in the therapy of

critically ill patients, by reduction of anxiety, agitation and

pain [1]. Duration and depth of sedation affects the

mechanical ventilation time (MVT) and concomitant

complications [2, 3]. Therefore, appropriate use of seda-

tives and analgesics is essential to keep critically ill

patients comfortable and to prevent prolonged length of

stay (LOS) in ICU. A potential solution to these difficulties

in clinical practise is a protocol-based sedation and anal-

gesia guideline with a clear definition of a sedation level

goal [4]. The use of sedation and pain scales is, therefore,

necessary for adequate monitoring. However, sedation and

analgesia management protocols have not been uniformly

adopted in ICUs around the world [5]. National differences

were demonstrated in a Canadian survey in the use of

protocol- and scoring-systems: 29% of the Canadian

intensive care units use sedation and analgesic guidelines

[6]. Interestingly, preceding international studies have
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shown adverse effects of sedation guidelines on MVT and

LOS. On one hand, several studies demonstrated positive

patient’s outcome associated with the use of sedation

guidelines combined with sedation protocols. For example,

Brook and colleagues [7] found a reduced MVT and LOS

by the use of protocol-directed sedation on a medical ICU.

Furthermore, Kress et al. [8] identified a significant

reduction of MVT and LOS by daily awakening and

evaluation of the depth of sedation in patients with pul-

monary disease. In addition, pharmaco-economic impact of

sedation and analgesic guidelines was analysed by Mascia

et al. [9] with cost-effective improvements in a prospective

cost-benefit study. In contrast, other examinations did not

show significant reduction of MVT by the use of stan-

dardized protocols or sedation and pain scales in general or

surgical ICUs [10–13].

A systematic review showed great variability in seda-

tive-analgesic medication during therapeutic hypothermia

after cardiac arrest [14]. Interestingly, standardized seda-

tion guidelines for patients after sudden cardiac arrest are

not available, and the influence of continuous quality- and

process improvement in analgesia and sedation on cardio-

logical patients has not been sufficiently evaluated, so far.

The aim of this study was to investigate the effects of a

therapeutic algorithm-based sedation protocol on MVT and

LOS in patients after sudden cardiac arrest in a single-

centre cardiological ICU.

Methods

Patients

We included 100 patients with positive outcome after

sudden cardiac arrest and successful extubation after crit-

ical care therapy (Fig. 1). Patients with endotracheal

intubation and MVT over 24 h were included if they were

aged between 18 and 75 years. Resuscitations were 95%

out of hospital, with reported resuscitation periods between

1 and 15 min. Due to the underlying diagnosis of myo-

cardial infarction in 90 cases, PCI was performed [15]. In

5% of these patients, resuscitation was necessary due to

peri-interventional arrhythmias (e.g. ventricular fibrilla-

tion) [16]. Cardiogenic shock due to heart failure was

diagnosed in nine included patients and acute renal failure

in one patient. Previous studies have shown positive effects

of mild hypothermia in patients after sudden cardiac arrest

[17, 18]. All the patients received mild therapeutic hypo-

thermia for a maximum of 24 h with endovascular cooling

conforming due to current post-cardiac-arrest-care guidelines

of the American Heart Association [19]. During this period,

deep sedation [Richmond Agitation Sedation Scale 4-5

(RASS 4-5)] and deep analgesia were defined for the patients

in the interventional group, while in the control group, the

sedation and analgesia were kept at a constant high level.

Clinical data (like MVT and LOS) were obtained from

our clinical IT system. We calculated Acute Physiology

and Chronic Health Evaluation II scores (APACHE II) on

the basis of clinical data available from the first 24-h period

of intensive care. According to Knaus et al. [20], we chose

an APACHE II score cut-off of 25 distinguishing severity

of illness in our specific study population. Subgroup anal-

ysis was performed to evaluate subgroups that might show

a tendency towards shorter or longer MVT.

We collected demographic data like age, gender, diag-

noses and comorbidity. We excluded patients with lethal

exit and patients with cerebral nervous system impairment

after clinical neurological examinations including EEG,

evoked potential and/or cerebral imaging performed by the

neurological department. Patients after cardiac arrest

received no regular tracheostoma due to estimated short

time ventilation. Patients who received tracheostomy were

diagnosed with cerebral hypoxia or severe COPD and were

transferred to external hospitals. To detect the primary

endpoint of the study more accurately, the study was

focused on patients without tracheostomy. Therefore, we

excluded patients without successful extubation that

required percutaneous tracheotomy, and patients that were

transferred from external ICUs to our unit were excluded as

well. Our study was performed on a cardiological ICU with

a specific patient population that had an APACHE II score

between 20 and 30. Patients with an APACHE II score

higher than 30 were excluded from our study.

Design and setting

From January 2007 to December 2009, we compared a

control group to an interventional group in terms of the

primary endpoint MVT and the secondary endpoint LOSFig. 1 Trial profile showing numbers of patients included in study
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by means of a monocentric, prospective study. The

analyses were performed in an adult cardiac ICU with 11

beds of the university hospital heart centre in Wuppertal,

Germany. Control data acquisition was surveyed for

16 months between January 2007 and April 2008 (Fig. 2).

The intervention, a new standardized sedation management

was implemented in May 2008 followed by a 2-month

training period to ascertain confident performance of each

staff member. Data collection of the interventional group

was acquired for 18 months from July 2008 until Decem-

ber 2009.

The control group sustained sedatives and analgesia

conforming to former S2-guidelines, without standardized

sedation management, whereas a standardized sedation

management was implemented in the interventional group.

For the control group, it was usual practise to reduce

sedation and analgesia in weaning from mechanical ven-

tilation without standardized protocols. Monitoring of

depth of sedation was also not standardized and no pain

scales were used.

Specialised medical staff including doctors and regis-

tered nurses exclusively works in the ICU in 24-h atten-

dance. A total of six intensive care medical officers are

allocated to the unit for 7 days in rotation for a minimum

of 6 months. Nurses mainly performed evaluation and

monitoring of depth of sedation and assessment of anal-

gesia. Doctors in 24-h attendance on ICU were involved in

targeting daily individual sedation goals. Furthermore,

collaboration between nurses and doctors lead to decisions

on the basis of the algorithm. The registered nurse to

patient ratio is 1:2 for mechanically ventilated patients.

Analgo-sedative drugs (sufentanil and midazolam), addi-

tional drugs, basic critical care practises, mechanical ven-

tilation and weaning did not change during the study.

Supplementary medication was not changed during the

study and was applied conform to valid S2-guidelines of

the German society of anaesthesiology and intensive care

medicine for sedatives and analgesics in critical care

therapy [21]. Additional drugs included propofol (Propofol-

ratiopharm� 10 mg/ml), lorazepam (Tavor� pro injecti-

one 2 mg/ml), haloperidol (Haldol�-janssen 5 mg/ml),

clonidinhydrochlorid (Paracefan� 0.15 mg/ml), diazepam

(Diazepam-ratiopharm� 10 mg/2 ml) and piritramide (Dipi-

dolor� 7.5 mg/ml).

Intervention

Intervention consisted of the implementation of an algo-

rithm-directed sedation guideline according to recent

guidelines and the study by Brook et al. [7]. Therefore,

sedation and pain level as well as medication dosage were

documented every 4 h and defined as ‘actual state’. The

RASS was used for quantification of sedation [22]. We

used a pain scale ranging from 1 (no pain) to 6 (intolerable

pain) to quantify pain sensation. Vegetative symptoms,

such as blood pressure and heart rate were incorporated in

pain evaluation as well as patient’s mimic. Additional

diseases (e.g. sepsis) or specific therapy (e.g. controlled

hypothermia), which required particular depth of sedation

were documented as well. The algorithm (Fig. 3) and

RASS table were placed at every patient’s bed.

The ‘target state’ of sedation and pain level was defined

daily in the morning rounds after assessing the individual

therapy plan for each patient. Depending on the patient’s

condition a transient deep sedation such as RASS -4 was

required for hemodynamic unstable patients, whereas

moderate to light sedation (RASS 0 to -1) was aimed for

patients during weaning from mechanical ventilator. If the

‘actual state’ (defined by the patient’s actual status of

RASS and pain level) differed from the defined ‘target

state’, analgo-sedative medication was adapted according

to the algorithm, with the aim of assimilation between

‘actual state’ and ‘target state’. The algorithm included

instructions for ‘over-sedated’ and ‘under-sedated’ patients

(Fig. 3). ‘Over-sedated’ patients were deeper sedated

(mostly RASS -3 to -5) than the defined ‘target state’.

‘Under-sedated’ patients were lighter sedated or agitated

(mostly RASS ?2 to ?4) compared to the defined ‘target

state’.

Statistical analysis

All data were transferred to Excel (Microsoft, Redmond,

WA, USA). Statistical analyses were performed with

STATA 10.1 software (StataCorp LP, Texas, USA). Sam-

ple size calculation was based on an assumption to reduce

MVT by 50% (from 175 h, SD 205.9 to 84 h, SD 100) to

demonstrate a power of 80% and an a-level of 0.05.

Thereby, a sample size of 100 patients was included.

The comparison of the control group and interventional

group concerning demographic data as age and gender

distribution were analysed using Fisher’s exact test. To

examine differences in location between the control

and interventional data for the MVT and LOS we used

Fig. 2 Time line of the study
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non-parametrical statistics, including the Wilcoxon rank-

sum test. p values less than 0.05 were considered signifi-

cant. The Kaplan–Meier method was used to assess

cumulative distribution function on MVT and LOS. Acute

Physiology and Chronic Heath Evaluation (APACHE) II

scores of all included patients were categorized and Fish-

er’s exact test was used to examine if there is coherence

between distribution and groups. The effect of the

APACHE II score on MVT and LOS as well as the total

dose of midazolam and sufentanil compared between the

groups was also examined using Wilcoxon rank-sum test.

Ethical regulations

The terms of the latest version of the Declaration of Hel-

sinki for Medical Research involving human subjects have

been adhered to. The ethical commission of the university

Witten/Herdecke has approved this study (Reference-No.

79/2008). Patients with emergency endotracheal intubation

and effective resuscitation received information from

the director of the study after successful weaning and

extubation. The patients or relatives gave written informed

consent for the study after sufficient time for consideration

and information.

Results

We examined a total of 100 patients with 45 patients for

the control group and 55 patients for the interventional

group. We excluded a total number of 170 patients from

our study due to tracheotomy, lethal exit, extensive neu-

rological deficiency, severe respiratory failure or sepsis

(Fig. 1). Amongst these patients, 35 patients who were

transferred from other hospitals were excluded to prevent

possible interaction with external sedation practises. Data

for patients with self-extubations and re-intubations were

not subjected to statistical testing. The control group and

interventional group were similar for characteristics like

gender, diagnosis and comorbidity (Table 1). There was no

statistical significant difference between both groups for

mean midazolam and sufentanil dose, as well as mean

Fig. 3 Implemented sedation algorithm

178 Clin Res Cardiol (2012) 101:175–183

123



APACHE II score, with a tendency for higher APACHE II

scores in the interventional group. The total study popu-

lation had a mean APACHE II score of 25.4. Age distri-

bution of the study population showed a mean age of 58.1

ranging from 39 to 75 years. However, we found a trend

towards older patients in the interventional group.

Patients that had an APACHE II score under 25 had a

median MVT of 173.0 h in the control group and a median

MVT of 110.0 h in the interventional group. Whereby,

patients with an APACHE II score between 25 and 29

showed a significant elongation of median MVT from

92.0 to 185.0 h in the interventional group (p = 0.008;

Figs. 4, 5).

For the median LOS in patients with an APACHE II

score smaller than 25, we found 11.0 days in the control

group versus 10.0 days in the interventional group; how-

ever, there was no statistical significance (Table 2; Figs. 6,

7). On the contrary, patients with an APACHE II score

between 25 and 29 showed a significant elongation in

median LOS with 6.5 days in the control group and 13.0 in

the interventional group (p \ 0.001). However, we found

no significant difference between the complete groups for

MVT and LOS (Table 2). We observed an increased

communication between doctors and nursing staff espe-

cially concerning analgo-sedative therapy. However, the

introduction of a new algorithm led to a more standardized

management to achieve specific sedative goals.

Discussion

Analgesics and sedative medication are essential in therapy

of critically ill patients especially during mechanical ven-

tilation [1–3, 23, 24]. The present study compared non-

protocol-directed with a standardized algorithm-based

sedation management in mechanically ventilated patients

after sudden cardiac arrest.

The current level of evidence of sedation guidelines

associated with patients after sudden cardiac arrest is low

and multiple underlying causes for sudden cardiac arrest

are described [25–29]. A recent review analysed the critical

care therapy in resuscitated patients and found 26% of the

analysed 44 studies did not report any standardized analgo-

sedative management [14]. The authors suggested a seda-

tion guideline based on their analysis using propofol and

Table 1 Demographic data,

mean values for age and

APACHE II score and age

distribution of collective

Pre-intervention Post-intervention Total

Patients (n) 45 55 100

Male 29 (64.4%) 39 (70.9%) 68

Female 16 (35.6%) 16 (29.1%) 32

APACHE II score 24.5 26.4 25.45 (average)

Mean age (years) 56.29 (39–75) 60.90 (39–75) 58.59 (average)

Age (\50 years) 15 (33.3%) 9 (16.4%) 24

Age (50–75 years) 30 (66.7%) 46 (83.6%) 76

Fig. 4 Subgroup analysis due to APACHE II score on influence of MVT

in the control group and interventional group: APACHE II score \25

(n = 40); 25–29 (n = 45), data for patients with APACHE II score[30

were not subjected to statistical testing due to small sample size

Fig. 5 Scatter plot with subgroup analysis due to APACHE II score

on influence of MVT in the control group and interventional group:

APACHE II score \25 (n = 40); 25–29 (n = 45)
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remifentanil. However, this is not recommended for long-

term mechanical ventilation and needs further investiga-

tion. There is a lack of additional studies revealing the

influence of sedation protocols on MVT in patients after

sudden cardiac arrest.

Recent studies on ventilation time during an acute

myocardial infarction identified this specific collective as a

high-risk group with a mortality of about 50% [23].

However, our data revealed a benefit for younger patients

without severe illness by the use of sedation guidelines

with a tendency to shorter MVT and LOS. Whereby, sig-

nificant prolongation of MVT and LOS was observed for

patients with higher APACHE II score ([25). Whereas, the

median increase in MVT from 102.0 to 160.0 h between

the total control and interventional group must be contro-

versially discussed. The baseline characteristics as gender,

diagnosis were similar in both groups due to strict inclusion

criteria.

Correspondent to our observations, studies including

patients with lower APACHE II scores showed benefits

after implementation of a standardized sedation practise. In

a randomized controlled trial, Brook and colleagues [7]

reported substantially reduced MVT, LOS and need for

tracheotomy in critically ill patients with a mean APACHE

II score of 23 and acute respiratory failure. Tobar et al. [30]

demonstrated a reduced dosage of midazolam after the

implementation of sedation guidelines only in patients with

APACHE II scores between 16 and 19. In a prospective-

retrospective study Marshall and colleagues [4] showed a

decreased MVT in patients with an APACHE II score

between 22 and 24 receiving continuous sedation in a

general ICU.

However, in our study, mean APACHE II scores ranged

between 24.5 for the control and 26.4 for the interventional

period, as an indicator for severe ill patients in particular

for the interventional group. We, therefore, assume that

severity of illness classified by APACHE II score is an

important factor affecting MVT and LOS. However, a

relationship between severity of illness and duration of

mechanical ventilation in critically ill patients sustaining

continuous sedation and analgesia has not been standard-

ized evaluated, so far. Whereas, Wang et al. described a

relationship between severity of illness and psychological

adverse events in conscious ICU patients. In their multi-

centre study higher APACHE II scores were associated

with more invasive medical and nursing procedures [31]. In

a meta-analysis of 11 studies including a total of 220,000

Table 2 Results for mean MVT (h) and LOS (days), patients n = 100

Pre-intervention Post-intervention p

MVT (total) 175.0 (SD 205.9, n = 45) 184.1 (SD 133.4, n = 55) 0.196

MVT (\25 APACHE II) 213.9 (SD 213.3, n = 11) 125.4 (SD 94.2, n = 29) 0.250

MVT (25–29 APACHE II) 116.5 (SD 86.8, n = 26) 199.4 (SD 99.4, n = 19) 0.008*

LOS (total) 12.1 (SD 11.9, n = 45) 13.2 (SD 7.7, n = 55) 0.055

LOS (\25 APACHE II) 13.9 (SD 13.5, n = 11) 9.7 (SD 6.1, n = 29) 0.660

LOS (25–29 APACHE II) 7.8 (SD 5.5, n = 26) 14.7 (SD 5.3, n = 19) \0.001*

*p values less than 0.05 were considered significant

Fig. 6 Subgroup analysis due to APACHE II score on influence of

LOS in the control group and interventional group: APACHE II score

\25 (n = 40); 25–29 (n = 45)

Fig. 7 Scatter plot with subgroup analysis due to APACHE II score

on influence of LOS in the control group and interventional group:

APACHE II score \25 (n = 40); 25–29 (n = 45)
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patients, Frost et al. [32] found a relationship between

increasing intensive care severity of illness and risk of re-

admission to ICU.

Similar to our results, Williams and colleagues likewise

did not find a reduction of MVT in an Australian general

ICU after implementation of sedation and pain scales in

2008. The authors assumed a lack of effect in the practise

of scales that complement existing sedation and analgesia

management in situations in which the MVT is already low

compared with that of other ICUs. Interestingly, APACHE

II score was shown to be an important determinant for

mechanical ventilation of patients that were ventilated for

96 h or more [13]. Although study population (mean

APACHE II score between 16.8 and 17.4) and median

MVT (24 h pre-interventional vs. 28 h post-interventional)

of this trial is not comparable to our study, lack of effect in

our trial may be due to already low MVT in our specific

study population.

In addition, a randomized trial of Bucknall et al. pro-

vided no reduction of MVT or LOS, by the use of protocol-

directed sedation compared with usual local management.

Mean age in the group of patients was 56.1 in the control

group and 58.2 in the protocol group. This is similar to our

age distribution with a mean age of 56.3 in the control

group and 60.9 in the interventional group. Furthermore,

patients with greater severity of illness showed a lower

success rate in weaning from mechanical ventilation [10].

Elliott and co-workers demonstrated in a pre- and post-

interventional comparative study that the use of an algo-

rithm-based sedation guideline did not reduce MVT. Mean

age of patients was likely high with 63.6 in the pre-inter-

ventional and 66.1 in the post-interventional group [11].

Since age and severity of illness are most likely related, we

suggest that similar to the APACHE II score, age plays an

important role in determining MVT and LOS. Therefore,

another reason for lack of significant reduction of MVT

and LOS in this study may be due to an unbalanced age

distribution between both groups and higher APACHE II

scores in the interventional group (Table 1).

Previous studies indicate low levels of monitoring. For

example, a standardized management of treatment in var-

ious diseases such as blood pressure control, especially in

patients at an increased risk for cardiovascular events is

lacking. In this study, the importance of improved hyper-

tension management as recommended by current treatment

guidelines is emphasized [33].

Several studies on treatment of multiple diseases have

shown improvement in prognostic implications by imple-

mentation of new management by optimizing and stan-

dardizing patients’ therapy [34–36]. However, comparison

of results on sedation management from international

studies is moreover complicated because of different

therapy standards in critical care: there is a variety of basic

ICU conditions (e.g. nurse-patient ratio) and of sedative

and analgesic medication (e.g. lack of availability of sed-

ative agents). Diversity in sedation practises may explain

adverse results of previous studies on MVT. European

standards in critical care include midazolam, morphine

and fentanyl. Whereby, morphine plays a lower role in

Germany concerning continuous analgesia [37]. Previous

studies showing a reduction of MVT, like Brook and col-

leagues and the group of Marshall et al. used lorazepam/

fentanyl [4, 7]. Others preferred midazolam/fentanyl or

propofol like Williams and co-workers [13], who found no

reduction of MVT. In a randomized clinical trial, patients

receiving a midazolam infusion had statistically longer

time intervals from discontinuation of drug infusion until

extubation compared to patients receiving propofol infu-

sions (97.9 ± 54.6 h vs. 34.8 ± 29.4 h; p \ 0.001) [38].

The authors explained this difference in the more rapid

reversal of the sedative properties of propofol compared to

midazolam as it has also been suggested by other exam-

inations as well [39]. Furthermore, inconsistency occurs in

the nurse to patient ratio, which may also influence MVT

and LOS. Our study was performed in a close unit with

24-h medical staff attendance with a nurse to patient ratio

of generally 1:2, whereas in other studies 1:1 nurse to

patient ratios are established [1, 40].

Furthermore, implementation of a new sedation man-

agement resulted in changes in medication every 4 h,

whereas medication was mostly kept constant at a high

level in the control group.

We collected our data from January 2007 until

December 2009. Our study began before the current

German S3-guidelines for the management of analgesia,

sedation and delirium in intensive care were published;

therefore, we performed the study in valid S2-guidelines

[21, 41]. In the meantime, current S3-guidelines recom-

mend the use of scores and protocols for the management

of sedation and analgesia into routine ICU practise.

Limitations of the study

Comparison of retrospective with prospective data limits

the comparability of both groups with lack of randomisa-

tion. To demonstrate consistency of groups, we correlated

gender, diagnosis and applied strict inclusion criteria. An

undistorted prospective collection of patients’ data was not

possible due to raised awareness concerning the changed

sedation practises in the medical staff. In addition, denying

a standardized scheme to one of the randomised groups

could have been ethically questionable. According to these

reasons, a retrospective collection of control group data

was necessary. Furthermore, this study was performed in a

single-centre setting; therefore, the results may not be

directly applicable to other ICUs caring for different
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groups of critically ill patients with specific sedation

practises.

The study was focused on patients without tracheos-

tomy. Therefore, we do not know if the patients with or

without tracheostomy would have benefited from the new

sedation management.

Furthermore, accurate details on the majority of duration

of resuscitation time was hardly documented and if so

periods between 1 and 15 min were documented. It has to

be considered that information was mostly based on third-

party anamnesis, which is potentially uncertain in such

conditions. Therefore, statistical analysis would not have

been reasonable.

In conclusion, MVT and secondary LOS are influenced

by the severity of illness and patient’s age. Our data dem-

onstrate the effects of sedation guidelines after sudden

cardiac arrest. In particular, young cardiological patients

without increased comorbidity benefit from an implemen-

tation of specific sedation guidelines. Further investiga-

tions are necessary to evaluate our results in a larger

collective and to identify additional factors affecting MVT

and LOS.
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