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Abstract
Elderly and multimorbid patients are at high risk for developing unfavorable postoperative neurocognitive outcomes; however, 
well-adjusted and EEG-guided anesthesia may help titrate anesthesia and improve postoperative outcomes. Over the last 
decade, dexmedetomidine has been increasingly used as an adjunct in the perioperative setting. Its synergistic effect with 
propofol decreases the dose of propofol needed to induce and maintain general anesthesia. In this pilot study, we evaluate 
two highly standardized anesthetic regimens for their potential to prevent burst suppression and postoperative neurocogni-
tive dysfunction in a high-risk population. Prospective, randomized clinical trial with non-blinded intervention. Operating 
room and post anesthesia care unit at Hospital Base San José, Osorno/Universidad Austral, Valdivia, Chile. 23 patients with 
scheduled non-neurologic, non-cardiac surgeries with age > 69 years and a planned intervention time > 60 min. Patients were 
randomly assigned to receive either a propofol-remifentanil based anesthesia or an anesthetic regimen with dexmedetomidine-
propofol-remifentanil. All patients underwent a slow titrated induction, followed by a target controlled infusion (TCI) of 
propofol and remifentanil (n = 10) or propofol, remifentanil and continuous dexmedetomidine infusion (n = 13). We compared 
the perioperative EEG signatures, drug-induced changes, and neurocognitive outcomes between two anesthetic regimens 
in geriatric patients. We conducted a pre- and postoperative Montreal Cognitive Assessment (MoCa) test and measured the 
level of alertness postoperatively using a sedation agitation scale to assess neurocognitive status. During slow induction, 
maintenance, and emergence, burst suppression was not observed in either group; however, EEG signatures differed signifi-
cantly between the two groups. In general, EEG activity in the propofol group was dominated by faster rhythms than in the 
dexmedetomidine group. Time to responsiveness was not significantly different between the two groups (p = 0.352). Finally, 
no significant differences were found in postoperative cognitive outcomes evaluated by the MoCa test nor sedation agitation 
scale up to one hour after extubation. This pilot study demonstrates that the two proposed anesthetic regimens can be safely 
used to slowly induce anesthesia and avoid EEG burst suppression patterns. Despite the patients being elderly and at high 
risk, we did not observe postoperative neurocognitive deficits. The reduced alpha power in the dexmedetomidine-treated 
group was not associated with adverse neurocognitive outcomes.
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1  Introduction

The number of elderly patients undergoing major surgical 
interventions with general anesthesia is steadily increas-
ing, globally. Due to age-related changes, this patient 

cohort is at high risk for adverse postoperative outcomes 
[1, 2]. One major complication after surgery and general 
anesthesia in elderly patients with multiple comorbidities 
is neurocognitive dysfunction that can manifest in differ-
ent forms and severity. [3–5] Such patients may present 
with emergence delirium in the post-anesthesia care unit 
(PACU) or develop long-lasting postoperative cognitive 
dysfunction (POCD) [6]. The incidence of perioperative 
neurocognitive dysfunction is generally high, ranging from 
20 to 60% [7, 8], and carries significant socioeconomic 
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burden [9]. For these reasons, strategies to prevent these 
unfavorable neurocognitive outcomes are urgently needed.

Over the last decade, accumulating evidence suggests 
that early signs of cognitive dysfunction, e.g. PACU 
delirium, are associated with adverse long-term effects 
[10–12]. The origin of these cognitive disturbances is 
multifaceted and continues to be a subject of ongoing 
debate. The predictive validity of cognitive tests, the ideal 
pharmacokinetic/pharmacodynamic modelling (PKPD) 
approach, the appropriate combination of drugs, the 
impact of each drug’s administration rate, and the identi-
fication of optimal electroencephalogram (EEG) patterns 
for tailoring anesthetic management in elderly patients 
remains incompletely understood. Early cognitive dys-
function in the PACU may be the result of overdosage and/
or an inadequate process of reconnection to the environ-
ment, while POCD may be more influenced by metabolic 
and neuroinflammatory phenomena [13].

One strategy to optimize anesthetic dosages and improve 
anesthesia quality is to monitor the patient’s EEG [14]. 
Monitoring the EEG can help avoid burst suppression pat-
terns, which potentially correlate with unfavorable outcomes 
[15–18]. However, the processed EEG indices used in com-
mercial monitoring systems may be insufficient as they 
do not include age as a covariate [19–21]. One suggested 
approach is to take the raw EEG and its spectral proper-
ties into account when treating the elderly and cognitively 
impaired patients [22, 23]. For example, the conventional 
method of inducing loss of responsiveness (LoR) through a 
standard propofol bolus eliminates the opportunity for tai-
loring the anesthetic to individualized requirements. Due to 
the non-linear behavior of the brain under general anesthesia 
drug dosing might challenging, emphasizing the need for 
EEG monitoring to avoid pathological brain states such as 
burst suppression [24, 25].

A combination of slow anesthesia induction using tar-
get controlled infusion (TCI) and EEG monitoring can 
help identify individual anesthetic requirements to properly 
induce and maintain anesthesia [26]. Another approach 
would be to take advantage of the greater intrinsic inertia 
response and to enhance it with a drug that does not have 
anticholinergic effects and does not directly affect cortico-
cortical connectivity, such as dexmedetomidine [27–29]. 
Dexmedetomidine has long been used as a sedative in inten-
sive care medicine for its anti-neuroinflammatory effects. It 
also permits the use of lower doses of propofol and mitigates 
anticholinergic effects on integration networks [30, 31]. So 
far, we are not fully aware of how the anesthetic combination 
of propofol and dexmedetomidine influences the EEG and 
if it impacts the development of immediate postoperative 
cognitive dysfunction in aged patients.

Currently there is only scarce knowledge about the appro-
priate combination of these drugs to generate hemodynamic 

stability while also maintaining adequate levels of discon-
nected consciousness or unconsciousness.

The occurrence of abnormal and potentially harmful 
EEG patterns, such as burst suppression, remains a chal-
lenge for clinical anesthesiologists. Here we use the frontal 
Density Spectral Array (DSA) to titrate anesthesia in a vul-
nerable patient population to overcome difficulties of pre-
dictive pharmacological modelling. This pilot study aims to 
describe perioperative EEG patterns in a high-risk popula-
tion of two highly standardized regimens. Furthermore, it 
will evaluate the potential of these two regimens to prevent 
burst suppression and assess preoperative and immediate 
postoperative cognitive conditions. Hence, the aims of this 
pilot study were:

(a)	 to describe perioperative EEG patterns of two anes-
thesia regimens with either a propofol-remifentanil 
induction or a dexmedetomidine-propofol-remifentanil 
induction.

(b)	 to evaluate the differences in EEG patterns between the 
groups and describe their clinical relevance.

(c)	 to detect signs of emergence delirium in the PACU to 
put it in context of the two compared anesthetic regi-
mens.

2 � Methods

We conducted the pilot study with the approval of the 
research ethics committee of the Universidad Austral de 
Valdivia and it was registered in Clinical Trials under the 
number NCT05425069. The study design was a prospec-
tive randomized clinical trial with non-blinded interven-
tion (propofol or propofol and dexmedetomidine anesthesia 
administration). Each patient gave written informed consent. 
Included patients were scheduled for elective surgery in 
Hospital Base San José de Osorno, Chile.

Eligibility criteria were patients classified as physical 
status ASA I–III and age > 69 years scheduled for non-
neurosurgical procedures with estimated duration longer 
than 60 min. The exclusion criteria were neurological or 
systemic diseases affecting the central nervous system sec-
ondarily; abnormal admission neurological physical exam; 
consumption of benzodiazepines, tricyclic antidepressants, 
sympathomimetics, modafinil, opioid analgesics, histamin-
ergic, antihistaminergic, cholinergic, anticholinergics, dopa-
minergic, or antidopaminergic drugs; and antihypertensive 
treatment with alpha agonist effect in the last 48 h.

Other exclusion criteria were history of adverse or aller-
gic reactions to propofol (allergy to soy or any other com-
ponent of it), alcohol or drug abuse, and a full stomach. 
Withdrawal criteria were patients with any adverse event 
during induction such as excitation, hypotension with a 
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mean arterial pressure drop over 20%, bradycardia < 40 
beats per minute, and nausea. After applying all mentioned 
criteria and checking the usability of the collected data we 
had 23 raw EEGs with a minimum length of 100 min. Our 
study population showed a wide range of levels of education. 
While some patients only had 5 years of education, others 
received a master’s degree. The data collection period was 
from October 2021 until December 2022 with a goal to have 
groups of similar size with at least 10 patients.

2.1 � Intervention procedure

The patients were randomly assigned to two groups:

Group 1	Propofol-remifentanil anesthesia.
Group 2	Dexmedetomidine-propofol-remifentanil anesthe-

sia.

Once admitted to the surgical ward, the patient was 
monitored in a standard way with non-invasive blood pres-
sure (PANI), pulse oximetry, electrocardiography, cap-
nography and frontal raw and processed EEG (SEDLine, 
Masimo, Irvine, Ca, USA). Further, an intravenous catheter 
was placed and connected to an infusion system. EEG was 
recorded perioperatively. Before anesthesia induction, we 
recorded 90 s of EEG during eyes-closed and eyes-open 
conditions.

2.2 � Anesthetic protocols

2.2.1 � Group 1: Propofol‑remifentanil anesthesia

TCI Propofol Induction (Schnider Model) with the Primea 
Orchestra Infusion pump (Fresenius-Kabi, Bad Homburg, 
Germany) in training mode was initiated at 8 mg/kg/h until 
unresponsiveness (LoR, loss of responsiveness to call and 
to moderate shoulder touch). Following LoR, we changed to 
the TCI mode to keep the effect site (Ce) calculated at time 
to LoR. In consideration of previous data on a possible over-
dosage of propofol with the Schnider model during induc-
tion phase, we reduced the Ce by 15% of the Ce at LoR. [32, 
33]. After assessing the state of clinical unconsciousness/
unresponsiveness we proceeded to intubate the patient after 
starting a TCI pump with remifentanil (4.5 ng/ml, Minto 
PKPD model) and administering rocuronium (0.6 mg/kg) 
[34]. Propofol was dynamically adjusted to maintain a vis-
ible alpha band similar to the one observed at LoR and 
a spectral edge frequency (SEF) 95 as displayed on the 
SEDLine monitor at a minimum value of 10 Hz. Remifen-
tanil was adjusted with a hemodynamic response of 15% 
increase in heart rate or mean arterial pressure. The end of 
the propofol infusion was recorded as well as patient recov-
ery time, measured as time to react to name calling (RoR). 

At propofol-stop, remifentanil was reduced to an effect-site 
concentration of 3 ng/ml until extubation.

2.2.2 � Group 2: Dexmedetomidine with minimal propofol 
anesthesia

An intravenous infusion of dexmedetomidine began with the 
Primea Orchestra infusion pump at 0.8 µg/kg/h. To mitigate 
potential side effects, such as hypertension and bradycardia, 
and in line with recommendations from the pharmacokinetic 
model of Hannivoort [35], bolus doses of dexmedetomidine 
were not used. After 10 min, a propofol infusion with a tar-
get Ce of 2.0 ug/ml was started. Remifentanil was started 
and set to an effect-site of 4.5 ng/ml. Rocuronium (0.6 mg/
kg) was administered for intubation. After intubation, propo-
fol was reduced to 0.5 µg/ml and dynamically adjusted to 
maintain a SEF > 8 Hz for the remaining time of the surgery. 
This group had a lower SEF threshold as dexmedetomidine 
is known to induce strong slow wave activity, independent 
of its capacity to produce unconsciousness [31]. At propo-
fol-stop remifentanil was reduced to 3.0 ng/ml effect-site. 
Remifentanil and dexmedetomidine infusions were stopped 
at extubation time.

No patient received preoperative premedication. In both 
groups, systolic blood pressure, cardiac frequency, pulse 
oximetry, capnography, and SEDLine EEG were monitored 
throughout the surgical procedure and for at least one hour 
post-operatively. Multimodal analgesia and a morphine 
dose of 0.05–0.1 mg/kg body weight were delivered 30 min 
prior the end of surgery at discretion of the anesthetist in 
charge. No drugs such as ketamine, midazolam, atropine, 
or other anticholinergics were used at any time. The Ce of 
propofol was registered during all the cases. In cases where 
BMI > 30, the dose was weight-adjusted [36]. Haemody-
namics were supported with volume, ephedrine, or phenyle-
phrine depending on the clinical judgement of the attending 
anesthesiologist. Target blood pressure was in a range of 
15% from pre-anesthesia blood pressure.

2.3 � Cognitive assessment

Cognitive assessments were performed with the MoCA 
test in the validated Chilean version before and one hour 
after RoR [37]. We evaluated the postoperative level in 
the PACU by applying a sedation agitation scale 10 min, 
30 min, and 60 min after RoR [38]. As there are no vali-
dated tests to assess emergence delirium in the elderly, 
we used the Spanish version of the MoCa test to detect 
pre- and postoperative cognitive status changes in the 
PACU. We did not intend to assess for a POCD with a 
later onset. It has been shown that collecting tests results 
is most reliable when done one hour after extubation as it 
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avoids direct effects of decreasing anesthetic drug blood 
levels [10]. Patient cooperativeness was assessed with the 
sedation agitation scale.

Figure 1 presents the patient collective, types of surgeries, 
and timelines of the anesthesia protocols of both groups.

2.4 � EEG recording and pre‑processing

The EEG was recorded with the SEDLine monitor (Masimo 
Corporation, Irvine, CA) at sample rates of 178 or 89 Hz 
using the standard EEG electrode strips attached to the 
patient’s forehead (a 4-channel frontal montage F7-Fp1-Fp2-
F8, a reference electrode at AFz and ground electrode at 
Fpz). For analysis, we unified the sample rate to 89 Hz after 
applying a 30 Hz low-pass filter. Because of the ampli-
tude issue of the SEDLine, we did not process the abso-
lute amplitude information [39]. EEG data was exported 
via USB using the data export function and the trend data 
was retrieved via USB drive from the SEDLine monitor and 
using the software Masimo Instrument Configuration tool 
(MICT).

From the raw EEG, we calculated the power spectral 
density (PSD) and the density spectral array (DSA) using 
the pwelch function in MATLAB (R2022a). The frequency 
resolution was 0.35 Hz. For the more dynamic induction 
and emergence periods, we used a segment length of 5 s 
with a 2 s shift to calculate the DSA. During maintenance, 
EEG we calculated the DSA with a segment length of 10 s 
with an 8 s shift. For burst suppression patterns we visually 
assessed the raw EEG.

2.5 � Statistical analysis

Because of the small sample size, we used non-parametric 
approaches and effect sizes with 95% confidence intervals 
to present our data. A power analysis for EEG analysis was 
not conducted and our results are based on the data available. 
For pairwise comparisons we used the Mann–Whitney U 
test (MATLAB, ranksum) and the Chi-squared test (https://​
www.​socsc​istat​istics.​com/​tests/​chisq​uare2/​defau​lt2.​aspx) to 
check for differences in sex distribution. The significance 
level was set to p < 0.05. To compare the EEG features we 
used the area under the receiver operating characteristic 
(AUC) with 10 k-fold bootstrapped 95% confidence intervals 
as described in the measures of effect size (MES) toolbox 
[40]. If the confidence interval does not contain AUC = 0.5, 
the result can be considered significant on a p < 0.05 level. 
To correct for multiple comparisons, we discuss results only 
as significant if the difference occurs in neighboring fre-
quencies (PSD) or clusters (AUC). These approaches have 
previously been published [16, 41–43].

3 � Results

3.1 � Patient demographics

There were no significant differences in the demographic 
factors between the two groups. Patients in the dexmedeto-
midine-propofol group received significantly less propofol 
and had a significantly lower SEF at LoR than the patients 
in the propofol group. The detailed values are presented 
in Table 1.

3.2 � Cognitive evaluation

Comparing the results of the pre- and post-surgery MoCa 
tests, we found no significant differences between the 
groups. In the whole study collective, we could not find 
one individual patient with a significantly decreased MoCa 
score in the PACU. The results of the sedation agitation 
scale revealed that all patients were calm and coopera-
tive and had no symptoms of sedation surplus at 10 min, 
30 min, nor 60 min after RoR. Despite patients in the 
dexmedetomidine group experiencing longer durations of 
anesthesia and consequently receiving a higher dosage of 
anesthetic, there were no observed reductions in sedation 
agitation scale nor MoCa scores one hour post-surgery. 
Hence, in our patients, the total given amount of dexme-
detomidine and/or propofol does not have an impact on the 
cognitive performance one hour after surgery.

3.3 � Electroencephalographic patterns

As presented in Table 1, we found significant differences 
in the processed EEG parameter SEF, validating the dif-
ferent titration approach. The more detailed analysis of the 
spectral EEG characteristics over time also showed signifi-
cant differences between the two groups. When dividing 
the observations by clinical time points, we found the fol-
lowing differences:

3.3.1 � During the induction period

There were no significant differences between the groups 
at baseline, as shown in Fig. 2A. Three minutes into the 
delivery of the first drug, i.e., propofol in the propofol-only 
group and dexmedetomidine in the dexmedetomidine and 
propofol group, we found significant differences between 
the EEG under dexmedetomidine and under propofol 
(Fig. 2B). At LoR these differences were even more pro-
nounced (Fig. 2C). In the dexmedetomidine group LoR 
occurred significantly faster after starting propofol TCI 

https://www.socscistatistics.com/tests/chisquare2/default2.aspx
https://www.socscistatistics.com/tests/chisquare2/default2.aspx
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Fig. 1   Patient collective and timeline showing the protocol of drug 
delivery for the two anesthetic regimens. Top: Patient collective and 
types of surgery. Middle: For the patients receiving a slow propofol 

induction; Bottom: For the patients receiving a slow propofol induc-
tion after starting a continuous infusion of dexmedetomidine. Own 
representation of the CONSORT-Diagram [65]
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Table 1   Patient demographics and group specific parameters. Median 
[range] BMI: body mass index; MoCa Montreal Cognitive assess-
ment, Ce calculated effect site concentration, LoR loss of response, 

RoR recovery of response, PSI patient state index (Sedline), SEF 
spectral edge frequency 95

Propofol (n = 10) 
Median [range]

Propofol + Dexmedetomidin 
(n = 13) Median [range]

P-value Effect size AUC [95%CI]

Age [year] 74.5 [71–83] 82 [70–93] 0.1199 0.70 [0.47–0.78]
Gender female/male 8/2 6/7 0.1917
BMI [kg/m2] 27.27 [17.57–35.38] 24.91 [18.73–31.22] 0.2512 0.35 [0.12–0.61]
MoCa pre/post 22.5/22.5 21.0/20.5 0.0789/0.0543 –

[17–27/17–27] [6–26/5–25]
Sedation-agitation-scale 4-4-4 4-4-4 0.5 –
Study level [years of education] 5.6 [2–12] 5.58 [0–12] 0.8024 0.53 [0.30–0.78]
ASA 2.5 [2, 3] 3 [2, 3] 0.3791 –
Start Propofol to LoR time [min] 9 [6–12] 2 [0–5]  < 0.0001 0.0 [0.0–0.0]
Ce Propofol at LoR [μg/ml] 2.65 [1.9–3.3] 2.0 [2–2] 0.0004 0.1 [0.0-.3]
Ce Propofol Maintenance [μg/ml] 1.9 [1.2–2.3] 0.5 [0.3–1.3]  < 0.0001 0.02 [0.0-.05]
Ce Propofol at RoR [μg/ml] 0.5 [0.4–4.5] 0.2 [0.1–0.4]  < 0.0001 0.01 [0.0-.05]
Delta CeP LoR vs. CeP RoR 2.10 [-2–2.9] 1.80 [1.6–1.9] 0.1486 0.3 [0.07–0.56]
Stop Propofol to RoR time [min] 13 [2–22] 17 [7–33] 0.3518 0.62 [0.37–0.84]
Duration anesthesia [min] 175 [100–267] 176 [101–456] 0.5765 0.57 [0.32–0.81]
PSI at LoR 74 [54–88] 83 [25–92] 0.2901 –
SEF at LoR [Hz] 20.5 [10–26] 10 [2–20] 0.0011 0.1 [0.01–0.24]
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Fig. 2   Power spectral density plots (PSD) comparing the patient from 
the propofol and dexmedetomidine-propofol group at different time 
points. A Before the delivery of any drug there were no significant 
differences in the PSD between groups. B 3 min after starting dexme-
detomidine or propofol infusion, the propofol group showed signifi-
cantly stronger power in alpha- and beta-frequencies and significantly 
less power in the delta range. C At loss of responsiveness (LoR) the 
patients in the propofol group, that on average received propofol for 

around 10 min, showed significantly higher power in the alpha-band 
and beta band and significantly less power in the delta-band than the 
patients in the propofol-dexmedetomidine group that had received 
propofol for 2  min on average. The AUC plots indicated the calcu-
lated AUC value (‘o’) and the 95% confidence intervals (‘x’). Filled 
circles indicate a significant difference defined by the confidence 
interval not containing AUC = 0.5
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(2 min [0–5]) than in the propofol-only group. (9 min 
[6–12]).

When comparing the spectral features of propofol and 
dexmedetomidine longitudinally, we observed the previ-
ously described beta-band activation in the propofol group 
(Fig. 3A) which was not seen when the patient received 
dexmedetomidine (Fig. 3B) [25]. The comparison of the 
substance-specific differences revealed significantly higher 
relative beta-band power and significantly lower relative 
delta-band power in the propofol group (Fig. 3C).

3.3.2 � During anesthesia maintenance

The differences observed between propofol and dexme-
detomidine at LoR persisted throughout anesthesia main-
tenance. Strong delta oscillatory activity and activity in 
alpha-band were observed in both groups (Fig. 4A, B). 
When comparing the DSA of both groups, the EEG in 
the propofol-dexmedetomidine group had significantly 
more relative power in the delta-band frequencies and sig-
nificantly less power in the higher frequencies, including 
alpha band frequencies most of the time (Fig. 4C).

3.3.3 � During the emergence period

The substance-specific differences between the groups per-
sisted throughout emergence. Only shortly before RoR did 
the EEG patterns start to overlap.

Figure 5 presents the detailed results.

Fig. 3   Group-level density spectral arrays (DSA) showing the course 
of the spectral power during the initial drug infusion. To account for 
the risk of comparing wake rhythms with deeper sleep rhythms, we 
have normalized the induction time to 100%. A Group-level DSA for 
the episode of the start of propofol infusion to the loss of responsive-
ness (LoR). In median it took 9 [6–12] minutes from propofol start 
until LoR. At around 40% an activation of beta-frequencies could be 
observed. B Group-level DSA for the episode from the start of the 
dexmedetomidine infusion to the start of the propofol infusion. The 
time was exactly 10  min, but for comparison the time was normal-
ized to 100%. A slight decrease of relative power in the higher fre-
quencies could be observed over time. C Statistical comparison of the 
two groups. Starting around 35% the power in the higher (beta-band 
frequencies) was significantly higher in the propofol group and the 
relative power in the delta-band was significantly lower. Red color 
indicates a significantly higher power in the propofol group and blue 
a significantly higher power in the propofol dexmedetomidine group. 
D The relative alpha band power began to significantly differ after 
around 75% of the induction period. E The relative delta band power 
began to significantly differ after around 75% of the induction period. 
F The alpha to delta ratio began to significantly differ after around 
75% of the induction period. G The SEF began to significantly differ 
after around 50% of the induction period

▸
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4 � Discussion

This study evaluated perioperative EEG and postoperative 
cognitive outcomes following propofol-remifentanil TCI 
with and without dexmedetomidine in a cohort of patients 
aged 70 years or older. The two regimens did not differ in 
terms of recovery times nor postoperative cognitive out-
comes as evaluated by the sedation agitation scale and MoCa 
test, respectively. Besides the significantly lower propofol 
concentration in patients receiving dexmedetomidine, 
we also found very different spectral EEG characteristics 
between the groups. Patients receiving dexmedetomidine 
and propofol showed significantly lower power in the alpha- 
and beta-band than patients receiving only propofol. Thus, 
despite their different EEG patterns, both anesthetic regi-
mens allow for proper anesthesia navigation in the elderly 
without leading to worsened cognitive outcomes.

The typical “rail pattern” for propofol with dominant 
oscillatory activity of the delta and alpha band frequencies 
of the EEG at LoR previously described in young patients 
was also observed in our old patients [26, 44]. We attribute 
this finding to our slow induction protocol that may allow 
the aged brain to smoothly transition into the “rail pattern” 
EEG as well. The age-induced decrease in EEG alpha-band 
power observed in older patients under propofol or sevoflu-
rane anesthesia has been widely described as a predictor of 
burst suppression [16, 42, 45–47]. Most of these studies use 
a propofol bolus, TCI effect site EC 50–95% targeting, or 
fast induction to represent “real world practice” showing a 
high risk (up to 70% in patients over 70 years) of developing 
burst suppression [45]. To overcome this issue, we looked 
for new strategies to prevent overdosing in elderly patients. 
Our strategy was to use a slow induction to induce strong 
alpha oscillatory activity and to prevent the development of 
EEG burst suppression as previously shown in a study with 

Fig. 4   Group-level density spectral arrays (DSA) showing the course 
of the spectral power from 5 min before LoR to 95 min into surgery. 
A The patients in the propofol group showed the “rail-pattern” typi-
cal for that substance. Around LoR the fading of the beta-activation 
could be observed. B Patients that received dexmedetomidine and 
propofol also showed the slowing of the EEG around LoR and a 
delta-dominant pattern with some alpha-band activity throughout 
the 95 min. C Statistical comparison of the two groups. The power 
in the higher (beta-band frequencies) was significantly higher in the 
propofol group and the relative power in the delta-band was signifi-
cantly lower. Red color indicates a significantly higher power in the 
propofol group and blue a significantly higher power in the propofol 
dexmedetomidine group. D The relative alpha band power during 
maintenance only showed significant differences around LoR and 
the beginning of the maintenance period. E The relative delta band 
power during maintenance only showed significant differences around 
LoR. F The alpha to delta ratio during maintenance only showed sig-
nificant differences around LoR and the beginning of the maintenance 
period. G The SEF was significantly lower for the dexmedetomidine 
and propofol group for most of the maintenance period
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younger patients [26]. The smoother transition into uncon-
sciousness facilitates a more tailored propofol titration, thus 
better aligning with individual requirements. Unlike most 
studies in elderly patients, we did not observe burst suppres-
sion at any time in either group. This may have contributed 
to the positive cognitive outcomes observed as burst sup-
pression is thought to be a risk factor for a neurocognitive 
dysfunction in elderly patients [15–18, 45].

It has been established that strong alpha power represents 
a favorable EEG pattern [15, 16, 41, 47]. Slow titration of 
propofol until LoR facilitates these favorable EEG patterns 
and may help pharmacodynamic navigation during mainte-
nance. Taking the cortical dynamics of the aged brain into 
account might help to compensate for the flaws of the estab-
lished PK models.

A slow or stepwise propofol induction could potentially 
diminish impacts on the brainstem, reduce hemodynamic 
side effects, and yield more localized effects of the drug 
targeting cortico-cortical or thalamo-cortical connectivity. 
From a pharmacological point of view, slow induction pro-
duces a more homogeneous mixing and less dissociation of 
the plasma concentration with the effect site concentration, 
thereby reducing the models’ overprediction [48, 49].

The second strategy implemented in this study was to 
reduce propofol consumption, and thus its anticholinergic 
impact, by taking advantage of its synergistic effect with 
dexmedetomidine [50–53]. Dexmedetomidine is a drug with 
more than 20 years of use in ICU and anesthesia in some 
countries. It has been associated with a decrease in the fre-
quency of delirium [54–56].

While previous reports have documented the decreased 
propofol requirement when combined with dexmedeto-
midine, this has not been studied throughout the whole 
course of anesthesia in major surgeries with elderly 
patients. Xiong et al. reported a reduction of the Ce of 
propofol at LoR of around 30% when combining it with 
a Ce of 0.8 ng/ml of dexmedetomidine in young patients; 

Fig. 5   Group-level density spectral arrays (DSA) showing the course 
of the spectral power during anesthesia emergence. To avoid com-
parison of EEG patterns from awake patients with those that are still 
at the beginning of emergence the time was normalized to 100% for 
each patient. A The patients in the propofol group changed from 
dominant activity in the delta-band and alpha-band to a dominance in 
the higher frequencies. B Patients that received dexmedetomidine and 
propofol changed from dominant activity mainly in the delta-band 
dominance in the higher frequencies. C Statistical comparison of the 
two groups. The power in almost all frequencies was significantly 
higher in the propofol group. At the end of emergence there were no 
significant differences between the groups. D The relative alpha band 
power was significantly higher in the propofol group for most of the 
emergence period. E The relative delta band power was significantly 
lower in the propofol group for most of the emergence period. F The 
alpha to delta ratio was significantly higher in the propofol group for 
most of the emergence period. G The SEF was significantly higher in 
the propofol group for most of the emergence period
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however, no EEG was recorded [57]. Another study also 
reported lower propofol requirement in combination with 
dexmedetomidine during BIS index-guided closed-loop 
anesthesia. Additionally, this study showed a significantly 
higher index in the propofol-only group [58]. This dif-
ference is in line with our observations. A multi-channel 
EEG study revealed drug-specific differences between dex-
medetomidine and propofol in a concentration-dependent 
manner [59, 60]. None of these studies were conducted in 
the elderly. With our findings, we could fill this knowledge 
gap.

Both drugs have different modes of action to induce 
sedation or anesthesia (disconnected consciousness and/
or unconsciousness). Propofol primarily acts through the 
gamma aminobutyric acid (GABA) pathway and receptor-
triggered activity, causing decreases in cholinergic activity 
and cortico-cortical uncoupling resulting in the inhibition of 
information integration [61]. On the other hand, dexmedeto-
midine mediates its effect through presynaptic alpha-2 (α2)-
adrenergic receptors located in the locus coeruleus, thereby 
blocking the release of norepinephrine to higher structures 
and reducing its activating effect [62]. This presents an indi-
rect mechanism to reduce arousal and slow brain activity as 
observed in the EEG. Using dexmedetomidine with propofol 
exploits dexmedetomidine-induced reduction of noradren-
ergic signaling while concomitantly reducing anticholiner-
gic effect of propofol. This could be particularly useful in 
vulnerable patients because it could lead to a faster wash 
out which in turn could help restore the ability to integrate 
information in this narrow functional reserve space. So, the 
difference in perioperative EEG signatures may be attributed 
to the different anesthetic mechanisms. While we observed 
the typical alpha and delta pattern for propofol, the slow 
delta-band activity dominated in the dexmedetomidine and 
propofol group. This may suggest that the alpha band power 
may only act as predictor of cognitive impairment in the 
context of an exclusively GABAergic regimen. By stopping 
dexmedetomidine and remifentanil at extubation we tried to 
lower the amount of “incoming data” to the awakening brain. 
It also helps to lower coughing reflex and rises tube toler-
ance. The avoidance of an information-integration imbal-
ance in aged and vulnerable brain could mitigate the risk of 
emergence delirium.

The observation that despite the slow and finely titrated 
induction in the propofol group, the need to reduce the 
effect-site concentration of propofol during anesthesia 
(only identifiable by EEG) was probably a reflection of the 
recently described multi-stable oscillation dynamics of the 
brain. This tendency to oscillate towards slower states, and 
eventually cause EEG markers such as alpha-oscillatory 
activity disappear, would require constant monitoring and 
adjustment of drug administration. This tendency is prob-
ably more pronounced in aging brains [63].

4.1 � Limitations

The main limitation of our study is the small sample size. We 
tried to address this limitation by applying non-parametric 
statistical tests and using effect sizes to appropriately present 
the results. Of course, further studies should be conducted to 
confirm the validity of our results in a more heterogeneous 
patient cohort, particularly considering the gender imbalance 
in our data. Additionally, our patients were part of a high-
risk population but were not tested for frailty itself. Many 
had a low level of education and limited access to health 
care and pre-habilitation. This collective is not compara-
ble to patients coming from developed countries. Further, a 
more sophisticated cognitive assessment protocol covering 
a longer time period should be applied in future to evaluate 
the impact of the anesthesia regimen on the cognitive trajec-
tory. Despite the usefulness of the MoCA test for cognitive 
assessment, limitations such as educational level, language, 
and customs have been described [64]. In this study, the test 
was carried out with the validated adjustments for the Chil-
ean population, which has especially low levels of education 
[37]. Due to the rurality of southern Chile, low baseline 
MoCA values were observed in our patient collective, but 
this value was not decreased in postoperative evaluation.

The EEG was recorded with a SEDLine monitor and 
due to technical issues affecting the EEG amplitudes, we 
only used relative power for our analyses [39]. In the future, 
multichannel EEG setups without this issue could facilitate 
a more detailed analysis of the EEG. We did not include 
hemodynamic parameters in our study data, but they should 
be included in future studies.

Dexmedetomidine not only has anesthetic-sparing effects, 
but also reduces the use of opioids, blunts the sympatholytic 
stress response, and decreases neuroinflammation. However, 
to evaluate all these effects a larger patient collective with 
a multifactorial analytic approach would be needed. While 
postoperative delirium occurring following PACU discharge 
was not evaluated in the present study, this type of cogni-
tive dysfunction is etiologically diverse. A broad range of 
factors not directly related with the orderly reconnection 
process after anesthesia—sleep disturbances, sleep apnea, 
neuroinflammation, isolation, pain, etc.—may better account 
for such disorders.

5 � Conclusion

In conclusion, this pilot study shows that the two anesthesia 
regimens used did not lead to a significant difference in the 
immediate postoperative cognitive outcome. Both regimens 
avoided abnormal electroencephalographic patterns, specifi-
cally burst suppression induced by anesthetic overdose. The 
fact that the two techniques present different conditions in 
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the EEG without differing cognitive outcomes raises the 
question whether alpha band power per se is a valid predictor 
of frailty or is that only in the case of GABAergic anesthet-
ics. The results also underline the importance of interpret-
ing the perioperative EEG correctly in the context of the 
applied anesthetic regimen. Further, we show the value of 
using a slow anesthesia induction with EEG monitoring in 
the anesthetic management of aged and vulnerable patients.
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