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2 Benefit assessment 

2.1 Executive summary of the benefit assessment 

Background 
In accordance with §35a Social Code Book (SGB) V, the Federal Joint Committee (G-BA) 
commissioned the Institute for Quality and Efficiency in Health Care (IQWiG) to assess the 
benefit of the drug isoflurane. The assessment is based on a dossier compiled by the 
pharmaceutical company (hereinafter referred to as the “company”). The dossier was sent to 
IQWiG on 1 February 2022. 

Research question 
The aim of the present report is the assessment of the added benefit of isoflurane in comparison 
with the appropriate comparator therapy (ACT) in mechanically ventilated adult patients during 
intensive care for whom sedation is indicated. 

The research question presented in Table 2 results from the ACT specified by the G-BA. 

Table 2: Research question of the benefit assessment of isoflurane 
Therapeutic indication ACTa 
Sedation of mechanically ventilated adult patients in 
intensive care 

Treatment of physician’s choice under consideration of 
propofol, midazolam and dexmedetomidine 

a. Presented is the ACT specified by the G-BA.  
ACT: appropriate comparator therapy; G-BA: Federal Joint Committee 
 

In principle, the company followed the G-BA’s specification of the ACT, but stated that in the 
German health care context, propofol is usually the treatment of physician’s choice. According 
to the company, the use of midazolam for sedation is no longer recommended and 
dexmedetomidine is only suitable for lower levels of sedation and is therefore only of secondary 
importance. The company based its argumentation on the German S3 guideline for the 
management of analgesia, sedation and delirium in intensive care medicine (DAS guideline) 
and on several standard operating procedures of various hospitals.  

It can be inferred from the references cited by the company and the Summary of Product 
Characteristics (SPC) of propofol that propofol should be considered preferentially for a 
planned sedation duration of 7 days or less. For longer sedation, midazolam can be used, for 
example. Contrary to the argumentation of the company, the guideline no longer recommends 
the use of midazolam as a continuous infusion not in principle, but explicitly only for deep 
sedation due to the poor controllability and the risk of accumulation of parent drug and 
metabolites. However, midazolam can be used as part of a multimodal approach in bolus doses 
or in certain patient groups (e.g. patients with alcohol dependence or severe injuries). In 
addition, isoflurane is approved for all target sedation levels and thus also for light sedation, so 
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that dexmedetomidine can also be considered as a comparator therapy for patients with 
prescribed light sedation.  

The assessment is conducted in comparison with the ACT specified by the G-BA and by means 
of patient-relevant outcomes on the basis of the data provided by the company in the dossier.  

Study pool and study design 
The check of completeness did not find any relevant study for assessing the added benefit of 
isoflurane in comparison with the ACT.  

The company, in contrast, identified the randomized controlled trial (RCT) SED001 and used 
it in its assessment. The SED001 study is unsuitable for assessing the benefit of isoflurane 
versus the ACT. This is explained below. 

Design of the SED001 study 
The SED001 study is a randomized, open-label study comparing isoflurane with propofol. The 
study included mechanically ventilated adult patients who had received up to 48 hours of 
propofol for sedation before randomization. At the time of randomization, patients still had to 
have clinically probable indication for sedation for at least 24 hours with target sedation depth 
within the range of −1 (light sedation) to −4 (deep sedation) on the Richmond Agitation-
Sedation Scale (RASS).  

The study randomized a total of 301 patients at a 1:1 ratio to either sedation with isoflurane 
(N = 150) or sedation with propofol (N = 151).  

Treatment with isoflurane and propofol was mostly in compliance with the respective SPC. 
According to the study protocol, in cases of inadequate sedation or acute agitation, bolus doses 
of the assigned study medication or (if the target sedation depth was not achieved with 
isoflurane or propofol) or midazolam were allowed (referred to as “rescue therapy” by the 
company). 

Treatment with the study medication was limited to 48 hours (± 6 hours). Wake-up tests were 
carried out after 24 hours and after 48 hours, with the possibility of extubation, depending on 
the condition of the patients. After the end of the study treatment, patients still in need of 
sedation received standard local treatment. The observation period was up to 30 days, 
depending on the outcome. 

The primary outcome of the study was the proportion of time over which the prescribed sedation 
level was maintained. Patient-relevant secondary outcomes were all-cause mortality as well as 
outcomes on morbidity and adverse events (AEs). 

Based on the available information on the patients included in the SED001 study, it can be 
assumed that propofol was the treatment of physician’s choice for the patients at study entry. 
On the basis of the SED001 study, it would therefore be possible to draw conclusions about 
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patients for whom propofol represents a treatment of physician’s choice. However, the study is 
not relevant for the present benefit assessment. 

Limitation of the duration of treatment with the study medication not adequate 
According to the inclusion criteria, patients in the SED001 study had to be clinically likely to 
require sedation for at least 24 hours at the time of randomization. The maximum duration of 
treatment with the study medication was 48 hours (± 6 hours). If sedation was indicated again 
after the end of treatment with the study medication or after a break, the patients received this 
according to local standards.  

It can be inferred from the data provided by the company that a relevant proportion of the 
patients included in the study still had an indication for sedation after the treatment period with 
the study medication (48 hours ± 6 hours). This means that only part of the sedation period is 
represented for these patients, which means that conclusions on the added benefit for the 
comparison of isoflurane versus propofol as treatment of physician’s choice are not possible. 
In addition, there are no substantive reasons for switching sedatives in a relevant proportion of 
patients, especially in the isoflurane arm. The benefit assessment would require data that cover 
the use of the study medication over the entire sedation period until extubation, including 
sufficiently long follow-up observation of patient-relevant outcomes (e.g. questionnaire on 
memories of the stay in the intensive care unit (ICU) or of sedation). The SED001 study is 
therefore unsuitable for the present benefit assessment.  

Results 
There are no suitable data for the assessment of the added benefit of isoflurane in comparison 
with the ACT in mechanically ventilated adult patients during intensive care for whom sedation 
is indicated. Hence, there is no hint of an added benefit of isoflurane in comparison with the 
ACT; an added benefit is therefore not proven.  

Probability and extent of added benefit, patient groups with therapeutically important 
added benefit3 
Table 3 shows a summary of the probability and extent of added benefit of isoflurane. 

                                                 
3 On the basis of the scientific data analysed, IQWiG draws conclusions on the (added) benefit or harm of an 

intervention for each patient-relevant outcome. Depending on the number of studies analysed, the certainty of 
their results, and the direction and statistical significance of treatment effects, conclusions on the probability of 
(added) benefit or harm are graded into 4 categories: (1) “proof”, (2) “indication”, (3) “hint”, or (4) none of the 
first 3 categories applies (i.e., no data available or conclusions 1 to 3 cannot be drawn from the available data). 
The extent of added benefit or harm is graded into 3 categories: (1) major, (2) considerable, (3) minor (in 
addition, 3 further categories may apply: non-quantifiable extent of added benefit, added benefit not proven, or 
less benefit). For further details see [1,2]. 
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Table 3. Isoflurane – probability and extent of added benefit  
Therapeutic indication ACTa Probability and extent of added 

benefit 
Sedation of mechanically ventilated 
adult patients in intensive care 

Treatment of physician’s choice 
under consideration of propofol, 
midazolam and dexmedetomidine 

Added benefit not proven 

a. Presented is the ACT specified by the G-BA.  
ACT: appropriate comparator therapy; G-BA: Federal Joint Committee 
 

The G-BA decides on the added benefit. 
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2.2 Research question 

The aim of the present report is the assessment of the added benefit of isoflurane in comparison 
with the ACT in mechanically ventilated adult patients during intensive care for whom sedation 
is indicated. 

The research question presented in Table 4 results from the ACT specified by the G-BA. 

Table 4: Research question of the benefit assessment of isoflurane 
Therapeutic indication ACTa 
Sedation of mechanically ventilated adult patients in 
intensive care 

Treatment of physician’s choice under consideration of 
propofol, midazolam and dexmedetomidine 

a. Presented is the ACT specified by the G-BA.  
ACT: appropriate comparator therapy; G-BA: Federal Joint Committee 
 

In principle, the company followed the G-BA’s specification of the ACT, but stated that in the 
German health care context, propofol is usually the treatment of physician’s choice. According 
to the company, the use of midazolam for sedation is no longer recommended and 
dexmedetomidine is only suitable for lower levels of sedation and is therefore only of secondary 
importance. The company based its argumentation on the German S3 guideline for the 
management of analgesia, sedation and delirium in intensive care medicine (DAS guideline) 
[3] and on several standard operating procedures of various hospitals [4-21].  

It can be inferred from the references cited by the company and the SPC of propofol [22] that 
propofol should be considered preferentially for a planned sedation duration of 7 days or less. 
For longer sedation, midazolam can be used, for example. Contrary to the argumentation of the 
company, the guideline no longer recommends the use of midazolam as a continuous infusion 
not in principle, but explicitly only for deep sedation due to the poor controllability and the risk 
of accumulation of parent drug and metabolites. However, midazolam can be used as part of a 
multimodal approach in bolus doses or in certain patient groups (e.g. patients with alcohol 
dependence or severe injuries). In addition, isoflurane is approved for all target sedation levels 
and thus also for light sedation, so that dexmedetomidine can also be considered as a comparator 
therapy for patients with prescribed light sedation.  

The assessment is conducted in comparison with the ACT specified by the G-BA and by means 
of patient-relevant outcomes on the basis of the data provided by the company in the dossier.  

2.3 Information retrieval and study pool 

The study pool of the assessment was compiled on the basis of the following information: 

Sources of the company in the dossier: 

 study list on isoflurane (status: 1 November 2021) 



Extract of dossier assessment A22-10 Version 1.0 
Isoflurane (sedation during mechanical ventilation) 28 April 2022 

Institute for Quality and Efficiency in Health Care (IQWiG) - 6 - 

 bibliographical literature search on isoflurane (last search on 1 November 2021) 

 Search in trial registries/trial results databases for studies on isoflurane (last search on 1 
November 2021) 

 Search on the G-BA website for isoflurane (last search on 1 November 2021) 

To check the completeness of the study pool: 

 bibliographic literature search on isoflurane (last search on 9 March 2022); for search 
strategies, see Appendix A of the full dossier assessment 

 search in trial registries for studies on isoflurane (last search on 17 February 2022); for 
search strategies, see Appendix A of the full dossier assessment  

The check did not identify any relevant studies for assessing the added benefit of isoflurane in 
comparison with the ACT.  

The company, in contrast, identified the RCT SED001 [23-25] and used it in its assessment. 
The SED001 study is unsuitable for assessing the benefit of isoflurane versus the ACT. This is 
explained below. 

Evidence provided by the company 
Design of the SED001 study 
The SED001 study is a randomized, open-label study comparing isoflurane with propofol. The 
study was conducted in Germany and Slovenia. The study included mechanically ventilated 
adult patients who had received up to 48 hours of propofol for sedation before randomization. 
At the time of randomization, patients still had to have clinically probable indication for 
sedation for at least 24 hours with target sedation depth within the range of −1 (light sedation) 
to −4 (deep sedation) on the RASS. Patients who had not reached the prescribed target sedation 
depth at any time during the 8 hours before randomization were excluded from the study. 

The study randomized a total of 301 patients at a 1:1 ratio to either sedation with isoflurane 
(N = 150) or sedation with propofol (N = 151). Randomization was stratified by study centre.  

Patients in the intervention arm received isoflurane inhalation via the Sedaconda delivery 
system; patients in the comparator arm received intravenous propofol at a concentration of 2%. 
According to the study protocol, in cases of inadequate sedation or acute agitation, bolus doses 
of the assigned study medication or (if the target sedation depth was not achieved with 
isoflurane or propofol) or midazolam were allowed (see Table 11 of the full dossier 
assessment). The use of other sedatives was not considered a protocol violation if they were 
used as standard therapy. The additional administration of bolus doses of sedatives was called 
“rescue therapy”. 
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Treatment with isoflurane and propofol was mostly in compliance with the respective SPC 
[22,26]. The SPC does not recommend possible administration of bolus doses of propofol for 
the propofol concentration used in the study (2%). It is not clear from the data provided by the 
company how many patients in the propofol arm received bolus doses of propofol. In the 
isoflurane arm, 7 patients received at least 1 bolus of propofol on day 1 and 6 patients received 
at least 1 bolus of propofol on day 2 (it is unclear whether some of these were the same patients).  

Treatment with the study medication was limited to 48 hours (± 6 hours). Wake-up tests were 
carried out after 24 hours and after 48 hours, with the possibility of extubation, depending on 
the condition of the patients. After the end of the study treatment, patients still in need of 
sedation received standard local treatment. The observation period was up to 30 days, 
depending on the outcome. This observation period (7 or 30 days, see Table 12 of the full 
dossier assessment) was added as part of a protocol amendment after 150 patients had already 
been included in the study. For most of these patients, retrospective consent could be obtained 
for this observation period; but for some patients, no data are available for this observation 
period, so they were only followed up for 24 hours (27 patients in the isoflurane arm and 
21 patients in the propofol arm, see also Table 12 of the full dossier assessment). 

The primary outcome of the study was the proportion of time over which the prescribed sedation 
level was maintained. Patient-relevant secondary outcomes were all-cause mortality as well as 
outcomes on morbidity and AEs. 

Further details on the characteristics of the SED001 study, the interventions used in the study, 
and the patients included can be found in Appendix B of the full dossier assessment. 

Based on the available information on the patients included in the SED001 study (Table 12 of 
the full dossier assessment), it can be assumed that propofol was the treatment of physician’s 
choice for the patients at study entry. On the basis of the SED001 study, it would therefore be 
possible to draw conclusions about patients for whom propofol represents a treatment of 
physician’s choice. However, the study is not relevant for the present benefit assessment (see 
following section). 

Limitation of the duration of treatment with the study medication not adequate  
According to the inclusion criteria, patients in the SED001 study had to be clinically likely to 
require sedation for at least 24 hours at the time of randomization. The maximum duration of 
treatment with the study medication was 48 hours (± 6 hours). If sedation was indicated again 
after the end of treatment with the study medication or after a break, the patients received this 
according to local standards. It is questionable whether switching sedatives for no apparent 
reason is consistent with the health care context. 

It is not clear from the data provided by the company how many patients were sedated beyond 
the period of treatment with the study medication. The available documents provide only 
information on the most frequently used concomitant treatments within the first 24 hours after 
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the end of treatment with the study medication. 110 patients in each study arm had received at 
least one concomitant medication during this period. Of these, in the isoflurane arm, 19% 
received isoflurane, 14% propofol and 13% clonidine; in the propofol arm, propofol was most 
frequent (27%), 14% received clonidine and 4% isoflurane. A partial overlap of the 
administration of the sedatives mentioned can be assumed, as boluses may also have been 
administered with one sedative (“rescue therapy”), while continuous sedation was administered 
with another sedative. The proportions can therefore not be added up. Furthermore, there is no 
information available on all sedatives administered. Nevertheless, it can be derived from the 
available data that a relevant proportion of patients continued to be sedated immediately after 
the end of treatment with the study medication. It remains unclear over which period of time 
these patients were sedated continuously (without taking into account the wake-up tests) or 
whether the sedative administered until then was switched in the period after the 24 hours after 
the end of treatment with the study medication (from hour 73 after randomization). From the 
analyses of the outcome of duration of ventilation, which included 117 patients in the isoflurane 
arm and 123 in the propofol arm, it can be inferred that a relevant proportion of patients were 
ventilated beyond the duration of treatment with the study medication. For example, 20% of 
patients had a maximum of 2 ventilator-free days during the entire 30-day study period. As a 
rule, there is a correlation between mechanical ventilation and sedation indication [3], so that it 
can be assumed that a relevant proportion of the ventilated patients were sedated for a notably 
longer period beyond the period of treatment with the study medication. This is also supported 
by the fact that only 55 of the patients in the isoflurane arm and 63 of the patients in the propofol 
arm had been extubated by the end of treatment with the study medication. For the remaining 
patients who had not died by then (within the first 72 hours after randomization, 3 patients had 
died in each of both arms), it can be assumed that there was still an indication for ventilation 
and thus mostly also for sedation.  

With regard to the 30-day observation period, no information is available on the therapy used 
after the end of treatment with the study medication, except for information on switching to the 
respective other treatment (switching to propofol in the isoflurane arm, switching to isoflurane 
in the propofol arm): 42% of the patients in the isoflurane arm and 14% in the propofol arm 
received sedation with the respective other sedative during the 30-day observation period. The 
percentages here refer to the number of patients for whom corresponding data are available in 
the 30-day period (121 patients in the isoflurane arm and 129 patients in the propofol arm). The 
available data do not provide any information on whether or not there were longer sedation 
breaks in between.  

Since a relevant proportion of patients still had an indication for sedation after the 48-hour 
treatment period, the predefined treatment period with the study medication of 48 ± 6 hours 
only covers part of the actual sedation period for some patients. The fact that after the end of 
the study medication, patients were switched to the standard local therapy is also problematic, 
especially in the isoflurane arm, since according to the SPC, sedation with isoflurane is not 
limited to a certain period of time [26]. However, it can be assumed that a relevant proportion 
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of patients with a continuing indication for sedation were switched to another sedative (see 
above). There are no substantive reasons for limiting the duration of treatment with the study 
medication to a maximum of 54 hours and subsequently switching sedatives according to local 
standard. The SED001 study is therefore unsuitable for the present benefit assessment. The 
benefit assessment would require data that cover the use of the study medication over the entire 
sedation period until extubation, including sufficiently long follow-up observation of patient-
relevant outcomes (e.g. questionnaire on memories of the stay in the ICU or of sedation). 
Especially for the outcomes of all-cause mortality and AEs, a follow-up observation of at least 
28 days after the end of sedation or after extubation seems adequate.  

Regardless of the unsuitability of the SED001 study for the present benefit assessment, only the 
outcome of awakening showed a statistically significant result. The outcome is defined as the 
time from stop of continuous sedation to the time RASS ≥ 0 is reached during a wake-up test. 
A statistically significant difference between the treatment arms was only shown for the second 
wake-up test (after 48 hours). However, fewer than half of the randomized patients were 
included in the analysis. However, this cannot be explained by the fact that many patients had 
already been extubated by this time. In addition, the analysis presented by the company on the 
time to wake-up only reflects the controllability of sedation and it is unclear to what extent a 
long or short time to wake-up reflects a patient-relevant benefit.  

Conclusion 
The study SED001 included by the company for the benefit assessment investigated a sedation 
period with the study medication of 48 hours (± 6 hours). It can be inferred from the data 
provided by the company that a relevant proportion of the patients included in the study still 
had an indication for sedation after the treatment period. This means that only part of the 
sedation period is represented for these patients, which means that conclusions on the added 
benefit for the comparison of isoflurane versus propofol as treatment of physician’s choice are 
not possible. In addition, there are no substantive reasons for switching sedatives in a relevant 
proportion of patients, especially in the isoflurane arm. The SED001 study is therefore 
unsuitable for the present benefit assessment. 

2.4 Results on added benefit 

There are no suitable data for the assessment of the added benefit of isoflurane in comparison 
with the ACT in mechanically ventilated adult patients during intensive care for whom sedation 
is indicated. Hence, there is no hint of an added benefit of isoflurane in comparison with the 
ACT; an added benefit is therefore not proven.  

2.5 Probability and extent of added benefit 

Table 5 summarizes the result of the assessment of added benefit of isoflurane in comparison 
with the ACT. 
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Table 5: Isoflurane – probability and extent of added benefit 
Therapeutic indication ACTa Probability and extent of added 

benefit 
Sedation of mechanically ventilated 
adult patients in intensive care 

Treatment of physician’s choice 
under consideration of propofol, 
midazolam and dexmedetomidine 

Added benefit not proven 

a. Presented is the ACT specified by the G-BA.  
ACT: appropriate comparator therapy; G-BA: Federal Joint Committee 
 

The assessment described above deviates from that of the company, which derived an indication 
of non-quantifiable added benefit based on SED001 study. 

The G-BA decides on the added benefit. 
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