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ABSTRACT

BACKGROUND: Inhaled sedation of intensive care unit (ICU) patients ventilated >24 hours may have long term effects.
We hypothesized that isoflurane has a better neuropsychological outcome in a one-year follow-up compared to propofol
sedation.

METHODS: All 66 patients included by the coordinating center of the ISOCONDA study (EudraCT#: 2016-004551-67) took
part in this substudy (DRKS00020240). A delirium test (CAM-ICU) was performed 24 hours after end of sedation. Sedation-,
ventilator-, ICU- and delirium-free days within 30 days were calculated. Patients were sent five questionnaires one, three and
twelve months after ICU discharge: ICU-Memory-tool (ICU-MT), Short-Form-36-Health-survey (SF-36), Posttraumatic-
Stress-Scale-14 (PTSS-14), WHO-Five-Well-Being-Index (WHO-5) and Hospital-Anxiety-Depression-Scale (HADS).
RESULTS: CAM-ICU was positive in 17% of patients, however 68% showed signs of delirium during the ICU stay (no
group differences). Mortality was lower after isoflurane (30-days: 1/33 versus 7/33, P=0.024; One-year: 9/33 versus 14/33,
P=0.156). Isoflurane led to significantly more sedation- (median [IQR]: 28[25-29] versus 24[21-29], P=0.016), ventila-
tor- (28[24-29] versus 22[4-28], P=0.011), ICU- (23[13-26] versus 11[0-25], P=0.044) and delirium-free days (25[21-29]
versus 20[12-28], P=0.031). Return rate of questionnaires was high (87/128). In the ICU-MT, isoflurane patients recalled
significantly more factual memories after one year. Generally, the psychological tests suggested a poor quality of life (SF-
36), high rates of post-traumatic-stress-disorder (PTSS-14: 38%) and depression (WHO-5: 54%, HADS: 43%), without
significant group differences.

CONCLUSIONS: Isoflurane sedation leads to more delirium free days during the ICU treatment and more factual memo-
ries of the ICU stay one year after the ICU stay. However long-term outcome of ventilated ICU patients is poor, and there
were no differences between isoflurane and propofol sedation.

(Cite this article as: Fuchs VF, Simon HV, Soldinger N, Volk T, Meiser A. Neuropsychological follow-up of isoflurane se-
dated intensive care patients: a substudy of a randomized trial. Minerva Anestesiol 2024;90:377-85. DOI: 10.23736/S0375-
9393.24.17834-0)
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he occurrence of delirium is a frequently —worse patient outcomes in the short and long
described phenomenon in patients in the in-  term.5 As ICU survivorship increases, reports of
tensive care unit (ICU)!-# and is associated with  depression and posttraumatic stress disorder af-
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ter critical illness and ICU treatment are also on
the rise.0 7 While the majority of patients with in-
vasive ventilation require analgesic and sedative
therapy,® it is widely recognised that excessive
doses and/or extensive duration of intravenous
sedatives increase the incidence of negative psy-
chological sequelae.? In contrast, several studies
have established good efficacy and few side ef-
fects in patients treated with inhaled sedatives.!0-13
Faster wake-up times and better cognitive recov-
ery could be achieved after long-term sedation
with inhalational agents,!0: 12-14 which may imply
lower incidence of delirium, more factual and less
delusional memories since elements such as the
ability to follow verbal commands are part of val-
idated clinical tools to evaluate delirium. In this
prospectively planned substudy of the Sedaconda
study (a large randomized controlled trial evaluat-
ing the safety and efficacy of isoflurane compared
to propofol), the neuropsychological follow-up of
patients sedated with either isoflurane or propo-
fol were examined in more detail to understand
whether inhaled sedation might decrease the inci-
dence of delirium and positively impact the long-
term quality of life of ICU survivors.

Materials and methods

This trial is a substudy of a multi-center random-
ized trial assessing non-inferiority of isoflurane
to propofol in 301 intensive care patients (Sed-
aconda study; European Medicines Agency’s EU
Clinical Trial register, 2016-004551-67).15 The
substudy was approved by the responsible Institu-
tional Review Board (amendment of January 31,
2018; approval number 11/17, Ethikkommission
der Aerztekammer des Saarlandes, Saarbrueck-
en, Germany) and registered prior to data access
in the German Clinical Trials Registry (registra-
tion number: DRKS00014030). Informed written
consent complying with the German Medicinal
Products Act was obtained from all included pa-
tients or their legal representatives. This substudy
included patients of the Saarland University Hos-
pital, the coordinating centre of the main trial.
In the main Sedaconda trial, adult ICU patients
with invasive ventilation for less than 24 hours,
receiving propofol at the time of randomization
and expected to require further continuous in-
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vasive ventilation for at least 24 hours, could be
included. Sedation target, assessed with the Rich-
mond Agitation and Sedation Scale (RASS), had
to be within -1 to -4. Additional exclusion criteria
for the long term-follow-up of the substudy were
aphasia, no sufficient knowledge of the German
language, and refusal of consent for sending
questionnaires. The substudy consisted of a de-
lirium assessment, a short-term- and a long-term
follow-up. Delirium occurrence was assessed
daily via the Intensive Care Delirium Screening
Checklist (ICDSC). After 38 patients, Confusion
Assessment Method in the ICU (CAM-ICU) was
introduced additionally 24h after end of sedation.
The short-term follow-up started with the end of
the main trial, which was after 48 hours of study
sedation or after extubation, whichever occurred
first. Short-term follow-up lasted 30 days or un-
til death, whichever occurred first. The charts
of all patients were reviewed retrospectively
and searched for objective criteria of delirium,
i.e. documented scores of the ICDSC, or use of
physical restraints. Patients discharged from the
ICU were considered delirium-free. In addition,
we analyzed mortality, the length of ICU stay,
ventilator days (days with invasive ventilation
for more than six hours) and days with deep
sedation, defined as continuous administration
of isoflurane or propofol for at least six hours.
To calculate ICU-, ventilator- and sedation-free
days, the length of ICU stay, ventilator days and
days with deep sedation were subtracted from the
length of short-term follow-up (30 days or days
until death). The days awake without delirium
were calculated by subtracting the days with de-
lirium from the sedation-free days. For the long-
term follow-up, surviving patients were contact-
ed by phone call and asked permission to send
the questionnaires. Questionnaires were sent four
weeks, three months and one year after ICU dis-
charge. The study algorithm is shown in Figure
1. Questionnaires included German versions of
the Intensive Care Unit Memory Tool (ICU-
MT),!6 the Short-Form-36 Health Survey (SF-
36),17 the Posttraumatic Stress Scale 14 (PTSS-
14),18 WHO-Five Well Being Index (WHO-5),19
and Hospital Anxiety and Depression Scale
(HADS).20 Memories in the [CU-MT are exam-
ined via a checklist of 21 items. Items are divided
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Figure 1.—Study algorithm with illustration of time frames observed in the study.
CAM-ICU: Confusion Assessment Method in the Intensive Care Unit; ICU: Intensive Care Unit; FU: follow-up.

into factual, emotional, and delusional memories.
SF-36 investigates subjective health in patients
by analyzing 36 items which are summarized
into a Physical Health and a Mental Health Sum-
mary Score. PTSS-14 consists of two parts. The
first part addresses memories of hospital stay,
the second current symptoms indicating a post-
traumatic stress disorder. WHO-5 consists of five
statements regarding general wellbeing, which
are evaluated by a point-system from zero to five.
HADS examines symptoms of anxiety and de-
pression. It consists of seven questions each.

Statistical analysis

As this substudy of a multicenter randomized
clinical trial including was confined to a subgroup
from one center, an a priori determination of the
number of patients was not possible. In addition,
effect sizes were unknown. Analysis of the ques-
tionnaires ICU-MT, and PTSS-14, WHO-5 and
HADS was performed in Microsoft Excel 2019
(Microsoft Corp., Redmond, WA, USA). Data
was then transferred to IBM® SPSS® Statistics 25
(SPSS Inc., Chicago, IL, USA). SF-36 was ana-
lyzed with SPSS® using the syntax included in the

TABLE I.—Patients’ characteristics.

corresponding manual.!7 Qualitative data are pre-
sented as absolute numbers and frequencies and
compared between groups with y2 tests. Quanti-
tative data, if normally distributed, are presented
as means and standard deviations and compared
with Student’s #-test. Normality was assessed
with the Shapiro-Wilk-Test. Not normally distrib-
uted data are presented as medians and interquar-
tile ranges and compared with Mann-Whitney-U
tests. For all comparisons, P<0.05 was considered
significant. Data analysis was descriptive in na-
ture; therefore, original P values are given and no
corrections for multiple testing were performed,

Results

Informed consent was obtained in 74 patients,
of which 66 were randomized on a 1:1 ratio to
sedation with propofol or isoflurane (i.e. 33 pa-
tients in each group). Eight patients were not
expected to require further continuous invasive
ventilation for 24 hours and were not random-
ized. Table I shows the characteristics of each
intervention group. CAM-ICU scores could be
assessed in 24 patients. After one day from seda-

Isoflurane (N.=33) Propofol (N.=33) P value
Male sex 21 (63.6%) 22 (66.7%) 0.796
Age 64+12 6514 0.842
Height, cm 173£9 173+£8 0.928
Weight, kg 80 [72-85] 80 [74-100] 0.300
SAPS I 34+14 43420 0.067
Emergency admission 16 (48,5%) 18 (54,5%) 0.563
ICU length of stay, days 9 [3-27] 11 [4-27] 0.508
Duration of ventilation, hour 45 [25-197] 67 [28-349] 0.357
MED, mg/kgBW/h 0.22+0.07 0.29+0.18 0.038
Data are patient numbers (percentage), mean + SD, and median [ 15t quartile- 3rd quartile].
SAPS II: Simplified Acute Physiology Score II before randomization. MED: morphine equivalent dose.
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tion stop, we did not find any difference in the for delirium. During the short-term follow-up,
CAM-ICU scores. Only two out of 11 patients  68% of patients suffered from delirium (23 out
in the isoflurane group and two out of 13 pa- of 33 in the isoflurane group and 22 out of 33
tients in the propofol group matched the criteria  in the propofol group) with no difference be-
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tween groups. Isoflurane patients showed sig-
nificantly more sedation- (P=0.016), ventilator-
(P=0.011), ICU- (P=0.044) and delirium-free
days (P=0.031) compared to propofol patients
(Figure 3). Thirty days after randomization, one
patient in the isoflurane group died, compared
to seven patients in the propofol group (3.0%
versus 21.2%, P=0.024). After one year, no sig-
nificant difference in mortality was found (iso-
flurane: 9 [27.3%] vs. propofol: 14 [42.4%]). In
total, 128 questionnaires were sent out, of which
87 were returned yielding an overall return rate
of 68%. Return of questionnaires is shown in
Figure 2. Overall results are shown in Table II.
In the ICU-MT, isoflurane patients recalled more
factual memories compared to propofol patients
after one year (5.4£2.4 versus 2.5+£2.3, P=0.005),
with a trend towards more factual memories after
four weeks and three months. There were no sig-
nificant differences in the number of emotional,
and delusional memories between groups at any
time point. PTSS-14 scores were not significant-
ly different between groups at any time. Howev-
er, the probability of PTSD increased over time

FUCHS

and was highest after one year (isoflurane: 42.9%
vs. propofol: 30.0%). Subjective health, general
wellbeing and symptoms of anxiety and depres-
sion did not differ between groups at any time, as
shown by the SF-36, WHO-5 and HADS scores,
respectively. Compared to the general popula-
tion, physical health according to SF-36 was
below average and according to WHO-5 results,
depression was likely in a majority of patients.

Discussion

The Sedaconda trial, a multicenter randomized
controlled trial, showed that inhaled sedation
with isoflurane was as effective as propofol for
the sedation of invasively ventilated patients in
intensive care. In this substudy of the Sedacon-
da trial, we prospectively investigated the neu-
ropsychological status of 66 patients included
at our institution with validated questionnaires
at different follow-up times for up to one year
after ICU discharge. In the studied population,
outcome in general was poor, with high mortal-
ity and considerably decreased physical health
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Figure 3.—Sedation-free days, ventilator-free days, intensive care-free days and days awake without delirium, shown as box
plots for isoflurane and propofol patients respectively. Isoflurane patients showed significantly more sedation- (P=0.016),
ventilator- (P=0.011), intensive care-free days (P=0.044) and days awake without delirium compared to propofol patients.
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TABLE Il.—Results of the long-term follow-up.

NEUROPSYCHOLOGICAL FOLLOW-UP IN CRITICAL CARE

Four-week follow-up

Three-month follow-up One-year follow-up

Study group
Isoflurane Propofol Isoflurane Propofol Isoflurane Propofol
ICU-MT (N.) 20 13 16 11 14 11
Factual memories 18 (90%) 11 (84.6%) 16 (100%)  10(90.9%) 14 (100%) 9 (81.8%)
Factual memories per patient 42433 3.0£2.4 53423 4.6+£3.2 5.442 4% 2.542.3%
Emotional memories 11 (55%) 10 (76.9%) 13 (81.3%) 9(81.8%) 10 (71.4%) 8 (72.7%)
Emotional memories per patient 2.4£1.9 1.25+1.25 1[1:;7] 2[1;4.5] 3.57£2.5 2+2.16
Delusional memories 9 (45%) 8 (61.5%) 10 (62.5%) 8 (72.7%) 11 (78.6%) 9 (81.8%)
Delusional memories per patient 1.43£1.62 1.0£1.41 1.43£1.62  2.25+1.71 1.71£1.5 2.0£1.41
SF-36 (N.) 16 7 14 8 10 11
Physical Health Summary Score 32.2+10.1 31.445.5 34.4+11 37.4+14.4 42.449.7 42.4+9.7
Mental Health Summary Score 45.1+£10.8  48.6+10.1 44.2410.1 46.2+12.7 46+12.8  43.9+114
WHO 5 (N.) 16 11 16 11 14 10
General wellbeing 10.3£5.9 8.1+£6.3 10.8+6.0 11.6+£7.4 13.1+£5.6 9.9+£7.0
Depression likely (<12 points) 11 (68.8%) 7 (63.6%) 9 (56.3%) 6 (54.5%) 6 (42.9%) 7 (70%)
PTSS-14 (N.) 19 11 16 10 14 10
PTSS-14 score 35+12.9  30.6£11.9 33.7£15,8  34.3+16.7 43.5422.1 43.7420.6
PTSD likely (>40 points) 7 (36.8%) 1(9.1%) 6 (37.5%) 2 (20%) 6 (42.9%) 3 (30%)
HADS Anxiety (N.) 19 11 16 12 14 10
Normal (<7 points) 13 (68.4%) 7 (63.6%) 9 (56.3%) 9 (75%) 8 (57.1%) 6 (60%)
Borderline abnormal (8-10 points) 3 (15.8%) 1(9.1%) 5(31.3%) 1 (8.3%) 2 (14.3%) 2 (20%)
Abnormal (>11 points) 3 (15.8%) 3(27.3%) 2 (12.5%) 2 (16.7%) 4(28.6%)  2(20%)
HADS depression (N.) 19 12 16 12 14 9
Normal (<7 points) 12 (63.2%) 5 (41.7%) 8 (50%) 5(41.7%) 8 (57.1%) 5 (55.6%)
Borderline abnormal (8-10 points) 4(21.1%) 4 (33.3%) 3 (18.8%) 1(8.3%) 3(21.4%)  2(22.2%)
Abnormal (>11 points) 3 (15.8%) 3 (25%) 5(31.3%) 6 (50%) 3(21.4%)  2(22.2%)

Data are patient numbers (percentage) or mean + SD.

ICU-MT: Intensive Care Unit-Memory Tool; SF36: Short Form-36 Health Survey; WHO 5: World Health Organisation-Five Well Being
Index; PTSS-14: Post-traumatic Stress Scale-14, HADS: Hospital Anxiety and Depression Scale.

*Significant differences at a significance level of <0.05.

and general wellbeing compared to the general
population. Patients sedated with isoflurane had
significantly more sedation-, ventilator-, ICU-
and delirium-free days compared to patients se-
dated with propofol. Similar results were found
by Bracht et al. in a post-hoc analysis including
all patients of the Sedaconda trial, with signifi-
cantly more ICU-free days and a trend to more
ventilator-free days.2!

Delirium and short-term follow-up

When CAM-ICU was examined 24 hours after
sedation stop, very few patients showed delirium.
However during the 30 day short-term follow-
up, 68% of patients were affected by delirium.
This is in line with previous trials investigating
delirium in intensive care, which reported be-
tween 30% and 80% of patients being affected by
delirium.!-4 Isoflurane patients had significantly
more delirium-free days. This may be caused
by several factors. Isoflurane patients woke up
faster and showed a better cognitive recovery.
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They also received significantly less opioids.!4
Opioids have been associated with delirium in
previous trials.22-24 In one study, opioid usage led
to 2.5-fold increase in delirium incidence. In ad-
dition, this same trial showed a strong relation-
ship between propofol usage and development of
delirium.25 This could be an explanation for the
poor results in the propofol patients of our trial.

Long-term follow-up

Many intensive care patients suffer from both
physical and mental impairment even long after
their hospital discharge.t 26-28 This is also rep-
resented in our patient cohort, where survival
after one year was 63.6% and the results of the
neuropsychological follow-up showed a poor
quality of life in surviving patients. These results
should not only be attributed to the choice of se-
dation agent, but to all aspects regarding inten-
sive care. After discharge from the ICU, patients
have a worse quality of life compared to age- and
sex-matched groups.2® Neuropsychological out-
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come after inhaled sedation has only been inves-
tigated once by Sackey et al. in 2008. Patients
were randomized to isoflurane and midazolam
and after six months, questionnaires were sent
to the surviving 29 of initially 40 included pa-
tients. Questionnaires included ICU-MT, HADS,
IES (Impact of Event Scale), the Well-Being In-
dex and several screening questions for PTSD.?
While no differences were observed in long-term
psychological morbidity, the results of the study
indicated a trend towards fewer hallucinations
or delusions with isoflurane compared to mid-
azolam in the long-term follow-up. In our trial,
the long-term follow-up was done in a larger pa-
tient cohort at three different points of time and
the questionnaires used included ICU-MT, SF-
36, WHO-5, HADS and PTSS-14. In summary,
isoflurane patients had significantly more factual
memories after one year, no further differences
could be found.

Mortality

Mortality after inhaled sedation has been inves-
tigated in the past. Most trials had a short ob-
servation period, as opposed to our study where
patients were followed for up to one year. Kong
et al. reported a mortality of 3% in both groups
in a 24-hour observation period,!2 Spencer and
Williats reported a hospital mortality of 20%
in isoflurane and 17% in midazolam patients.30
Two trials investigated mortality after hospital
discharge. Sackey et al. reported a six-month
mortality in isoflurane patients of 20% (four out
of 20 patients) compared to 35% (seven out of 20
patients) in midazolam.” Bellgardt et al analyzed
a consecutive cohort of 369 critically ill surgical
patients with sedation and invasive ventilation
for more than 96 hours. Hospital and one year
mortality after isoflurane sedation were consid-
erably lower compared to propofol/midazolam
sedation (40% versus 63% and 50% versus
70%, respectively).3! Also in this substudy, the
30-day-mortality was significantly lower after
isoflurane compared to propofol (3% vs. 21%),
and mortality after one year also showed a trend
in this direction (27% versus 42%). Lower mor-
tality in isoflurane patients may be caused by
several factors. Deep intravenous sedation can
increase mortality, as Shehabi et al. showed in
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a prospective multicenter trial investigating the
relationship between sedation depth and mortal-
ity.#4 It could be argued that isoflurane itself does
not lead to lower mortality, but the prevention of
adverse drug reactions in deep sedation does.3!
A recent meta analysis by Kotani et al. showed
a significant mortality increase after propofol
compared to other sedative agents.32 In addi-
tion, isoflurane has many beneficial effects that
may have contributed to a decreased mortality
to some extent. Isoflurane has bronchodilatory33
as well as vasodilatory effects in coronary arter-
ies.3* Organ-protective effects in the heart,35-37
brain,38 kidneys, liver, and the gastrointestinal
tract3¥ have also been suggested.

Limitations of the study

CAM-ICU was only introduced after 38 patients
had been included. Short-term follow-up data
were acquired retrospectively. In few cases, in-
complete documentation made delirium assess-
ment impossible, which may have lead to un-
derestimation of delirium. Incidence of delirium
is stated as delirium free days, where mortality
could act as a confounder. Longer survival in iso-
flurane patients led to more opportunities to de-
velop delirium. Nevertheless, isoflurane patients
had significantly more delirium free days. In the
long term follow-up, only relatively few patients
could be evaluated. For instance after one year,
data from little more than ten patients in both
groups were available. Patients were contacted
by phone and asked permission to send the ques-
tionnaires. Very few patients denied or were lost
to follow-up, but many patients simply did not
survive long enough to be assessed (mortality:
four-weeks-FU 19.7%; three month-FU 25.8%;
one-year-FU 34.8%). Overall return rate of the
questionnaires was 68%, which was unexpect-
edly high and compares favorably with other
studies.” However, some patients were reluctant
to fill in the questionnaires and indicated their
impaired physical status or recurring negative
memories as a reason. This could have lead to a
bias favouring better results, since patients with
the greatest impairment may not have been as-
sessed in the follow-up. Taken together, sample
size of patients evaluated in the long term follow-
up may preclude definite conclusions on differ-
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ences in long term neuropsychological outcome
in patients sedated with isoflurane or propofol.
Therefore, larger studies are needed.

Conclusions

During 30 days after invasive ventilation and
sedation, isoflurane sedation led to significantly
more sedation-, ventilator-, ICU- and delirium-
free days compared to propofol sedation. One
year mortality was high and neuropsychological
long term outcome was poor in both groups, with
no significant group differences, likely because
of high mortality and too few patients remaining
for analysis.

What is known

¢ Incidence of delirium is high among pa-
tients sedated and ventilated in the ICU and is
associated with poor patient outcomes.

What is new

* Sedation with isoflurane led to signifi-
cantly more sedation-, ventilator-, ICU- and
delirium-free days compared to propofol pa-
tients.
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