
R E S E A R C H Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Stern et al. BMC Anesthesiology          (2023) 23:368 
https://doi.org/10.1186/s12871-023-02318-3

BMC Anesthesiology

*Correspondence:
Dirk J. Bosch
d.j.bosch@umcg.nl
1Department of Anesthesiology, University of Groningen, University 
Medical Center Groningen, Groningen, the Netherlands

2 Department of Surgery/ Surgical Oncology, University of Groningen, 
University Medical Center Groningen, Groningen, the Netherlands
3 Department of Internal Medicine, University of Groningen, University 
Medical Center Groningen, Groningen, the Netherlands

Abstract
Background Postoperative neurocognitive disorder (pNCD) is common after surgery. Exposure to anaesthetic drugs 
has been implicated as a potential cause of pNCD. Although several studies have investigated risk factors for the 
development of cognitive impairment in the early postoperative phase, risk factors for pNCD at 3 months have been 
less well studied. The aim of this study was to identify potential anaesthesia-related risk factors for pNCD at 3 months 
after surgery.

Methods We analysed data obtained for a prospective observational study in patients aged ≥ 65 years who 
underwent surgery for excision of a solid tumour. Cognitive function was assessed preoperatively and at 3 months 
postoperatively using 5 neuropsychological tests. Postoperative NCD was defined as a postoperative decline of ≥ 25% 
relative to baseline in ≥ 2 tests. The association between anaesthesia-related factors (type of anaesthesia, duration 
of anaesthesia, agents used for induction and maintenance of anaesthesia and analgesia, the use of additional 
vasoactive medication, depth of anaesthesia [bispectral index] and mean arterial pressure) and pNCD was analysed 
using logistic regression analyses. Furthermore, the relation between anaesthesia-related factors and change in 
cognitive test scores expressed as a continuous variable was analysed using a z-score.

Results Of the 196 included patients, 23 (12%) fulfilled the criteria for pNCD at 3 months postoperatively. A low 
preoperative score on Mini-Mental State Examination (OR, 8.9 [95% CI, (2.8–27.9)], p < 0.001) and a longer duration of 
anaesthesia (OR, 1.003 [95% CI, (1.001–1.005)], p = 0.013) were identified as risk factors for pNCD. On average, patients 
scored higher on postoperative tests (mean z-score 2.35[± 3.13]).

Conclusion In this cohort, duration of anaesthesia, which is probably an expression of the complexity of the 
surgery, was the only anaesthesia-related predictor of pNCD. On average, patients’ scores on cognitive tests improved 
postoperatively.
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Introduction
Postoperative neurocognitive disorder (pNCD) is often 
a subtle impairment of memory, concentration, and 
information processing, persisting for weeks or months 
after surgery [1]. It commonly occurs after surgery, with 
an incidence between 10 and 16% at 3 months postop-
eratively in patients aged ≥ 55 who undergo noncardiac 
surgery [2–4]. Postoperative NCD is especially prevalent 
among elderly patients and, with an increasing number of 
multimorbid older adults undergoing surgery, pNCD is 
expected to present an increasing issue for public health. 
The consequences of pNCD are not only an association 
with increased risk of mortality and prolonged hospitali-
sation, but also disability, reduced self-sufficiency, and 
decreased quality of life [2, 5].

Much research has been dedicated to the identification 
of risk factors for the development of pNCD. Increasing 
age, a lower educational level and pre-existing cognitive 
disorders are well known risk factors for pNCD [2, 6, 7]. 
The relationship between pNCD and anaesthesia-related 
factors is, however, less clear. A recent meta-analysis 
indicated that propofol-based total intravenous anaes-
thesia (TIVA) is associated with better cognitive out-
comes in the first postoperative month compared with 
inhalational anaesthesia, which might be explained by 
the positive effects of propofol in attenuating the (neuro)
inflammatory response [8, 9]. It is unknown whether this 
is also the case for NCD at 3 months postoperatively [8]. 
Moreover, the impact of intraoperative depth of anaes-
thesia on postoperative cognitive function continues to 
be controversial, with some studies indicating a protec-
tive effect of high bispectral index (BIS) against NCD at 
3 months postoperatively [10–12]. In the BALANCED 
delirium study, for instance, a BIS target of 50 resulted 
in a significant decrease in the incidence of postopera-
tive delirium (POD) when compared with a BIS target of 
35, and the former was associated with a lower incidence 
of NCD at 1 year postoperatively [12]. Intraoperative 
hypotension was not related to pNCD in a meta-analysis 
of 700 patients [13]. In contrast, duration of anaesthesia 
and surgery is a factor that is consistently associated with 
pNCD [3]. The overall association between long-term 
cognitive function and anaesthesia-related factors, such 
as type of anaesthesia, as well as intraoperative param-
eters (e.g., blood pressure, depth of anaesthesia) remains 
uncertain.

Therefore, the aim of this study was to identify poten-
tial anaesthesia-related risk factors for NCD at 3 months 
after surgery.

Materials and methods
Protocol
This study is a post-hoc analysis of the PICNIC study 
(PostoperatIve Cognitive dysfunctioN In elderly Cancer 

patients [PICNIC], trial number NL31486.042.10), a pro-
spective observational study conducted at the University 
Medical Center Groningen (UMCG, Groningen, NL) 
[14–19]. The PICNIC study was approved by the Medi-
cal Ethical Committee of the UMCG and data collection 
was conducted in accordance with the Declaration of 
Helsinki. All subjects provided written informed consent.

Patients and clinical data collection in the PICNIC study
The cohort of the PICNIC study consisted of patients 
aged ≥ 65 years, scheduled for surgery for a solid malig-
nant tumour at the UMCG between 2010 and 2014 (see 
Fig. 1). Patients were excluded from the PICNIC study if 
they had a physical condition potentially impeding com-
pliance with the study procedures, for instance severe 
visual or auditory impairment, recent stroke or preop-
erative cognitive deficits. Furthermore, patients were 
excluded if their understanding of the Dutch language 
was insufficient.

Prospectively, the following data were collected: age, 
sex, BMI, tumour type, disease stage, and surgical char-
acteristics. The Groningen Frailty Index (GFI) was used 
preoperatively to assess patients’ condition with regards 
to the physical, cognitive, social and psychological 
domains [20]. Furthermore, Charlson Comorbidity score 
(CCS) and Mini-Mental State Examination (MMSE) were 
used preoperatively to classify comorbidities and mea-
sure cognitive impairment, respectively [21, 22]. Anaes-
thesia and procedure related relevant intraoperative data 
were recorded perioperatively. Details of complications 
occurring up to 30 days postoperatively were recorded 
and classified according to the Clavien-Dindo Classifica-
tion (POD excluded).

Anaesthesia-related factors
To analyse the association between anaesthesia and 
cognitive function at 3 months postoperatively, several 
factors were taken into account. First, the association 
between type of anaesthesia (general versus combined 
general and neuraxial anaesthesia) and pNCD was anal-
ysed. Second, the association between depth of anaesthe-
sia quantified as the bispectral index (BIS) and pNCD was 
assessed. We analysed the effect of mean BIS between 
induction and end of surgery, the total time BIS < 45, the 
percentage time BIS < 45, the total time BIS > 60 as well 
as the percentage time BIS > 60. A BIS < 45 was chosen 
as a cut-off as it is a commonly used definition for deep 
anaesthesia and has been shown to increase the risk of 
adverse postoperative outcomes [23, 24]. A BIS > 60 was 
chosen as an upper limit, because it is usually recom-
mended to avoid values higher than 60 [25]. Furthermore, 
the risk of having pNCD was compared between patients 
with a mean intraoperative BIS < 45 and patients with a 
mean intraoperative BIS > 45. Additionally, the effects of 
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different sedatives and analgesics used during induction 
and maintenance of anaesthesia were examined. Other 
factors that were taken into account included the dura-
tion of anaesthesia, the total time mean arterial pressure 
(MAP) < 70, the area under the curve (AUC) MAP < 70, 
and if the patient received additional vasoactive medi-
cation during anaesthesia. Blood pressure and BIS were 
only included in the analysis if data was available for at 
least 85% of the total duration of surgery.

Cognitive tests
Cognitive function was evaluated at baseline (2 weeks 
before surgery) and at 3 months postoperatively using 
different neuropsychological tests. Three cognitive 
domains were assessed: memory, executive functioning 
and information processing speed. Memory function was 
assessed using the Dutch versions of the Rey’s Auditory 
Verbal Learning Test (RAVLT) immediate recall and the 
RAVLT delayed recall [26]. The outcome of the RAVLT 
was defined by the total number of words (maximum 
of 75) correctly remembered during the five immediate 
recall trials (lowest score, 0; highest score, 75) and the 
total number of words (maximum of 15) remembered 
at the delayed recall trial (lowest score, 0; highest score, 
15). For assessment of executive function, the Ruff’s Fig-
ural Fluency Test (RFFT) and the Trail Making Test part 
B (TMT-B) were used [27, 28]. Performance on the RFFT 
was expressed by the total number of unique designs 
drawn in parts 1 to 5 (lowest score: 0; highest score: 175). 
For the TMT-B, the number of seconds it took to com-
plete the test was used as the outcome variable (lowest 
score: 0; highest score: 480). Performance with regards to 
information processing speed was determined using the 
Trail Making Test part A (TMT-A) [27]. The number of 
seconds it took to complete the TMT-A (lowest score, 0; 
highest score, 480) was used as the outcome variable.

Definition of postoperative NCD
Postoperative NCD was defined as a decline ≥ 25%, rela-
tive to the baseline score, in the scores of ≥ 2 of the afore-
mentioned cognitive tests at 3 months postoperatively. 
In addition, change in score on postoperative cognitive 
tests as compared to preoperative tests was expressed as 
a continuous variable by means of z-scores, with a posi-
tive z-score indicating an overall increased outcome on 
cognitive tests and a negative score indicating a decline. 
This method takes into account a general deterioration 
in all tests as well as a substantial deterioration in only 
one or some tests and enables the analysis of the overall 
change in scores on the postoperative cognitive tests as 
compared to the preoperative tests.

Data analysis and statistics
As the present study is a secondary analysis of a pre-
existing database, no power calculation was conducted 
for this analysis and the sample size was based on avail-
able data. Data with regards to patient characteristics and 
anaesthesia-related factors are presented as frequencies 
with percentages for categorical and ordinal variables. 
Median and interquartile range (IQR) are used for con-
tinuous, not normally distributed data and mean and 
standard deviation (SD) are used for continuous, nor-
mally distributed data. Univariate and multivariate logis-
tic regression analysis were performed to analyse the 
association between patient characteristics and pNCD as 
well as between anaesthesia-related factors and pNCD. 
Odds ratios (ORs) and their corresponding 95% confi-
dence intervals (95% Cis) are reported. Variables with 
P values of < 0.15 on univariate analyses were included 
in the multivariate analysis. Hosmer-Lemeshow good-
ness-of-fit test was used to evaluate model fit. Further-
more, change in performance on each cognitive test was 
assessed as a continuous variable by using a z-score. For 
this purpose, a change score (postoperative minus base-
line score) was calculated for each separate test and each 
patient. For the Trail Making Test the sign was corrected, 
so that a higher z-score indicated cognitive improve-
ment. The z-score for each patient and each test was sub-
sequently calculated by dividing the change score by the 
standard deviation of the group’s mean change score for 
the corresponding test. Lastly, per patient, a combined 
z-score was derived by adding the z-scores of the indi-
vidual tests, enabling cognitive function to be expressed 
as a continuous variable with a positive value indicating a 
postoperative improvement in cognitive tests. The asso-
ciation between anaesthesia-related factors and change 
in cognitive function as expressed by the z-scores was 
analysed in a univariate analysis using Spearman’s rank 
correlation coefficient for continuous explanatory vari-
ables and using independent samples t test and ANOVA 
tests for nominal explanatory variables with 2 or > 2 cat-
egories respectively. A p-value of < 0.05 was considered 
statistically significant. All analyses were performed 
using the Statistical Package for Social Sciences: SPSS 
version 20.0.0 (SPSS Inc., Chicago, DL USA).

Results
Of the 307 included patients, a total of 196 patients ful-
filled all inclusion criteria (Fig.  1). Preoperatively, 14 
patients were included incorrectly, for instance due to 
cancellation of surgery, and 19 withdrew consent retro-
spectively. Postoperatively, 62 patients were excluded due 
to incomplete cognitive assessment (mainly for logistical 
reasons), 11 did not undergo general anaesthesia and 5 
deceased during the research period (Fig. 1).
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The mean age of included patients was 72 (± 6) and 
50.5% were female. The majority of patients had a preop-
erative GFI score ≤ 3 (75.7%) and a score > 26 on MMSE 
(91.3%). Of all patients, 70.8% had a CCS > 2 and 57.2% 
presented with a disease stage < 3. In total, 23 (12%) of the 
196 patients met the criteria for pNCD at 3 months post-
operatively. A summary of patient characteristics and 
anaesthesia-related factors is shown in Table 1.

The results of the logistic regression analyses for pNCD 
are shown in Table 2. After adjusting for other variables, 
a preoperative score ≤ 26 on MMSE (OR, 8.9 [95% CI, 
(2.8–27.9)], p < 0.001) and longer duration of anaesthe-
sia (OR, 1.003 [95% CI, (1.001–1.005)], p = 0.013) were 
identified as risk factors of pNCD. The results of the Hos-
mer-Lemeshow goodness-of-fit test were not significant 
(χ2 = 5.122 p = 0.744), indicating that the model provides a 
good fit to the data.

Outcomes of the analysis of the association between 
anaesthesia-related factors and change in scores on cog-
nitive tests as expressed by a z-score are displayed in 
Table 3. No statistically significant relation between any 
of the anaesthesia-related factors and change in score on 
cognitive tests was seen. The mean z-score of all patients 
was 2.35 (± 3.13), indicating that, on average, patients 
scored higher on postoperative tests as compared to pre-
operative tests. The distribution of z-scores among the 
different neuropsychological tests is shown in Fig. 2.

Discussion
The aim of this study was to identify potential anaesthe-
sia-related risk factors for NCD at 3 months postopera-
tively. In this cohort, duration of anaesthesia was the only 
anaesthesia-related factor that was significantly associ-
ated with pNCD at 3 months. Our study confirmed the 
known association between pNCD and poor baseline 
cognitive function. On average, patients’ postoperative 
cognitive performance scores improved compared to 
preoperative scores.

Exposure to anaesthetic agents has been implicated as 
a potential cause of pNCD [6]. Although a recent meta-
analysis indicated that the use of propofol-based TIVA 
is associated with better cognitive outcomes at 30 days 
postoperatively as compared to inhalational anaesthetics, 
no beneficial effect of propofol was found at 3 months 
postoperatively [8, 29, 30]. Also in our cohort, choice of 
anaesthetic drugs did not affect the risk of pNCD, sug-
gesting that the type of anaesthetic may, at least be 
related to the short-term cognitive function. Moreover, 
pNCD has also been detected in patients who received 
spinal anaesthesia without sedation, indicating that the 
aetiology of pNCD is likely to be multifactorial [6, 31].

While the impact of anaesthetic agents on the risk of 
developing pNCD remains uncertain, duration of sur-
gery and consequently anaesthesia is likely to influence 
the risk of pNCD [7]. This was also shown in our cohort 
in which a longer duration of anaesthesia was associated 

Fig. 1 Consort Diagram. Of the 307 included patients in the PICNIC study, 33 were excluded before surgery. Three months postoperatively, 62 patients 
were excluded due to incomplete cognitive assessment. Five patients died, and 11 patients were excluded in the current analysis because they did not 
undergo general anaesthesia. The sample of the current analysis included 196 patients
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Patient characteristics Overall
n = 196

Postoperative NCD 
n = 23
(11.7%)

No Postoperative NCD
n = 173
(88.3%)

P

Age 72 ± 6 75 ± 7 72 ± 6 0.145

Gender

-Female
-Male

99 (50.5)
97 (49.5)

11 (47.8)
12 (52.2)

88 (50.9)
85 (49.1)

0.784

GFI

-<= 3
->3

128 (75.7)
41 (24.3)

14 (70.0)
6 (30.0)

114 (76.5)
35 (23.5)

0.580

MMSE

-<= 26
->26

17 (8.7)
179 (91.3)

7 (30.4)
16 (69.6)

10 (5.8)
163 (94.2)

0.001

CCS

-<= 2
->2

57 (29.2)
138 (70.8)

6 (27.3)
16 (72.7)

51 (29.5)
122 (70.5)

0.830

Disease stage

-Benign, I, II
-III, IV

111 (57.2)
83 (42.8)

18 (78.3)
5 (21.7)

93 (54.4)
78 (45.6)

0.030

Highest postoperative complication according to Clavien-Dindo (without delirium)

-No complication
-Grade I
-Grade II
-Grade III
-Grade IV

103 (52.6)
17 (8.7)
50 (25.5)
18 (9.2)
8 (4.1)

10 (43.5)
1 (4.3)
6 (26.1)
2 (8.7)
4 (17.4)

93 (53.8)
16 (9.2)
44 (25.4)
16 (9.2)
4 (2.3)

0.015

Anaesthesia-related factors
Type anaesthesia

-General
-Combined general and neuraxial anaesthesia

93 (47.4)
103 (52.6)

10 (43.5)
13 (56.5)

83 (48.0)
90 (52.0)

0.685

Duration of anaesthesia 203土217 280土260 195土218 0.023

Agents induction anaesthesia

-Propofol
-Other

181 (94.3)
11 (5.7)

19 (90.5)
2 (9.5)

162 (94.7)
9 (5.3)

0.344

Agents induction analgesia

-Sufentanil
-Remifentanil
-other

166 (86.5)
21 (10.9)
5 (2.6)

20 (95.2)
1 (4.8)
0 (0)

146 (85.4)
20 (11.7)
5 (2.9)

0.439

Agents maintenance anaesthesia

-Propofol
-Isoflurane
-Sevoflurane
-Other

130 (68.4)
13 (6.8)
35 (18.4)
12 (6.3)

17 (77.3)
2 (9.1)
3 (13.6)
0 (0)

113 (67.3)
11 (6.5)
32 (19.0)
12 (7.1)

0.503

Agents maintenance analgesia

-Sufentanil
-Remifentanil
-Other

144 (75.0)
27 (14.1)
21 (10.9)

17 (77.3)
4 (18.2)
1 (4.5)

127 (74.7)
23 (13.5)
20 (11.8)

0.537

Additional vasoactive medication received

-No
-Yes

11(5.6)
184 (94.4)

1 (4.3)
22 (95.7)

10 (5.8)
162 (94.2)

1.000

Mean BIS 43土11 42土11 43土12 0.786

Mean BIS

-<45
->=45

53 (60.2)
35 (39.8)

10 (66.7)
5 (33.3)

43 (58.9)
30 (41.2)

0.549

BIS < 45 time 119土141 127土179 115土145 0.504

BIS < 45% 63土55 62土63 62土53 1.000

BIS > 60 time 7土14 6土14 8土14 1.000

BIS > 60% 4土8 3土12 4土8 0.584

Table 1 Patient characteristics and anaesthesia-related factors
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with a higher risk of pNCD. However, as the duration of 
anaesthesia may be an indicator of the complexity and 
invasiveness of a surgery, it is likely that not the duration 
itself, but instead the extent of the intervention and the 
potentially associated systemic inflammation increases 
the risk of pNCD.

In addition to the type of anaesthetic agent and dura-
tion of anaesthesia, depth of anaesthesia did not affect 
the risk of pNCD in our cohort. While some stud-
ies have shown that depth of anaesthesia monitoring 
reduces the incidence of POD, possibly by reducing the 
time of deep anaesthesia, the effect of deep anaesthesia 
on pNCD is still inconclusive [32–34]. In contrast to our 
findings, however, a meta-analysis by Ling et al. demon-
strated a protective effect of higher BIS values for pNCD 
at 3 months postoperatively [10]. This difference may 
be explained by differences in the cut-offs used. While 
we compared the risk of pNCD between patients with a 
mean BIS < 45 and > 45, BIS targets in studies included 
in the meta-analysis ranged from 30 to 45 to 40–50 for 
patients randomised to the deep anaesthesia groups and 
from 46 to 55 to 55–65 for patients in the light anaes-
thesia groups. Furthermore, the meta-analysis included 
studies investigating differences in the incidence of 
pNCD between BIS-guided and non-BIS-guided anaes-
thesia instead of between different anaesthesia depths. 
This may have influenced the analysis, as patients in the 
non-BIS-guided group were likely to be exposed to lon-
ger periods of very deep anaesthesia.

The association between pNCD and different opioids 
used during surgery has also been studied. Previously it 
was hypothesised that short-acting opioids decrease the 
risk of postoperative delirium compared to long-acting 
opioids, potentially by decreasing length of ICU and hos-
pital stay [35–37]. However, in a study comparing the 
incidence of cognitive impairment at postoperative day 
1, 4 and 30 in patients who underwent elective coronary 
artery bypass grafting, no difference was found between 
remifentanil- and sufentanil-based anaesthesia [37]. Like-
wise, we did not demonstrate an association between 
pNCD and the agents used for induction and mainte-
nance of analgesia.

Although there does not seem to be a relationship 
between pNCD and the type of opioid used, an increased 
opioid dose may be related to a higher risk of postopera-
tive cognitive impairment [38]. Similarly, previous studies 

implied that, possibly by limiting the amount of opioids 
used, regional anaesthesia decreases the incidence of 
postoperative cognitive impairment in the first postop-
erative week as compared to general anaesthesia [39]. In 
contrast, a more recent study could not demonstrate a 
protective effect of regional anaesthesia on postoperative 
delirium and postoperative cognitive impairment in the 
first postoperative week [40]. In our study, the compari-
son of combined general and neuraxial anaesthesia with 
general anaesthesia alone did not affect the risk of pNCD.

For a long time, pNCD was believed to be a direct 
consequence of intraoperative physiological perturba-
tions, such as hypoxaemia or hypotension [6]. After 
publication of the ISPOCD study, however, this was con-
sidered unlikely, as neither hypoxaemia nor hypotension 
were shown to be associated with the risk of developing 
pNCD [3]. Similar results were found in a meta-analysis, 
in which intraoperative hypotension was not associated 
with pNCD [13]. Accordingly, we did not see a relation-
ship between pNCD and the time MAP < 70 and MAP 
70. Comparison is nonetheless difficult, due to the great 
heterogeneity of definitions used for intraoperative hypo-
tension [41]. Moreover, the use of vasoactive medication 
during surgery did not affect the risk of pNCD.

Most studies of postoperative cognitive function have 
used a binary outcome – pNCD present or not. This 
leads to a focus on the patients who do develop NCD, 
whereas, as shown in our study, many patients have bet-
ter cognitive function after surgery. While the higher 
postoperative scores may be interpreted as a learning 
effect (although there were more than 3 months between 
the 5 different cognitive tests), it is likely that patient’s 
cognitive function was impaired preoperatively. Pos-
sible causes for worse cognitive function before surgery 
are anxiety and stress related to the upcoming surgery or 
due to previous chemotherapy. On the other hand, once 
surgery has been successfully concluded, and patients 
have recovered from their surgery, improved physical and 
mental wellbeing might improve their performance on 
cognitive function tests [42–44].

In our cohort, 12% of the patients fulfilled the criteria 
for NCD at 3 months postoperatively. Although it is dif-
ficult to compare the incidence of pNCD between stud-
ies, due to, for instance, differences in the definition of 
pNCD and differences in type and number of cognitive 
tests administered, the incidence seen in our study seems 

Patient characteristics Overall
n = 196

Postoperative NCD 
n = 23
(11.7%)

No Postoperative NCD
n = 173
(88.3%)

P

MAP < 70 time 47土68 68土73 45土65 0.386

MAP 70 AUC 433土644 606土655 419土640 0.773
Notes. Categorical and ordinal variables are expressed as absolute frequencies with percentages (%); continuous, not normally distributed data are expressed as 
median plus IQR; continuous, normally distributed data are expressed as mean plus SD

Table 1 (continued) 



Page 7 of 10Stern et al. BMC Anesthesiology          (2023) 23:368 

Table 2 Patient characteristics and anaesthesia-related factors related to postoperative NCD (outcomes of the univariate and 
multivariate regression analyses)
Patient characteristics Univariate

OR (95%CI)
P Multivariate

OR (95%CI)
P

Age 1.0 (1.0–1.1) 0.078*
Gender

-Female
-Male

1
1.1 (0.5–2.7)

0.784

GFI

-<= 3
->3

1
1.4 (0.5–3.9)

0.525

MMSE

->26
-<= 26

1
7.1 (2.4–21.3)

< 0.001 1
8.9 (2.8–27.9)

< 0.001

CCS

-<= 2
->2

1
1.1 (0.4-3.0)

0.046*

Highest Postoperative complication (ClavienDindo without delirium and death)

-No complication
-Grade I
-Grade II
-Grade III
-Grade IV

1
0.6 (0.1–4.9)
1.3 (0.4–3.7)
1.2 (0.2–5.8)
9.3 (2.0–43.0)

0.061*

Anaesthesia-related factors
Type anesthesia

-General
-Combined general and neuraxial anaesthesia

1
1.2 (0.5–2.9)

0.685

Duration of anaesthesia 1.003 (1.000-1.005) 0.027 1.003 (1.001–1.005) 0.013
Agents induction anaesthesia

-Propofol
-Other

1
1.4 (0.6–3.1)

0.435

Agents induction analgesia

-Sufentanil
-Remifentanil
-other

1
0.4 (0-2.9)
0 (0)

0.632

Agents maintenance anaesthesia

-Propofol
-Isoflurane
-Sevoflurane
-Other

1
1.2 (0.2–5.9)
0.6 (0.2–2.3)
0 (0)

0.891

Agents maintenance analgesia

-Sufentanil
-Remifentanil
-Other

1
1.3 (0.4–4.2)
0.4 (0–3.0)

0.561

Additional vasoactive medication received

-No
-Yes

1
1.4 (0.2–11.1)

0.776

Mean BIS 1.0 (0.9–1.1) 0.691

Mean BIS

-<45
->=45

1
0.7 (0.2–2.3)

0.551

BIS < 45 time 1.0 (1.0–1.0) 0.380

BIS < 45% 1.0 (1.0–1.0) 0.803

BIS > 60 time 1.0 (1.0–1.0) 0.729

BIS > 60% 1.0 (0.9-1.0) 0.536

MAP < 70 time 1.0 (1.0–1.0) 0.716

MAP 70 AUC 1.0 (1.0–1.0) 0.886
Notes. Factors with a p value < 0.15 on univariate analyses were included in the multivariate analyses. ∗nonsignificant in multivariate analyses
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to be in line with previous findings. In previous studies 
of patients undergoing noncardiac surgery, incidences 

of 10% (2 SD method, patients aged ≥ 60), 13% (2 SD 
method, patients aged ≥ 60) and 16% (reliable change 
method, patients aged ≥ 55) have been documented 
[2–4]. In our study, 22% of the enrolled patients did not 
undergo cognitive assessment at 3 months follow-up, due 
to a combination of reasons, including logistic reasons 
and self-reported overall health status. Overall, we expect 
to provide a very accurate representation of the incidence 
of pNCD.

While many studies have investigated the effects of 
anaesthesia on the development of cognitive dysfunc-
tion in the early postoperative phase, we focused on the 
effects on cognitive function at 3 months postoperatively, 
as these are probably associated with a greater impact on 
a patient’s life. However, there are a few relevant limita-
tions to the applicability of our findings. As the present 
study is a secondary analysis of a pre-existing database, 
no sample size calculation was performed, and it was 
not designed to find a relationship between anaesthesia-
related factors and pNCD. Furthermore, our data was 
collected several years ago. While we do not think that 
this affects the applicability of our findings, as at that 
time BIS monitoring was standard of care and the major-
ity of patients received TIVA with propofol, our defini-
tion of pNCD differs from the more recently published 
recommendations for the nomenclature of cognitive 
change associated with anaesthesia and surgery [45]. 
This impairs the comparability of our findings to more 
recent studies. Generally, studies investigating pNCD dif-
fer greatly with regards to diagnostic rules, cut-offs, tim-
ing of follow-up and differences in the tests used, with a 
recent meta-analysis reporting no less than 259 different 
cognitive tests in 274 studies [46]. Although our chosen 
definition of pNCD (a decline of ≥ 25% relative to base-
line in ≥ 2 tests) differs from the latest recommendations, 
we believe that our method is a very accurate represen-
tation of the incidence of pNCD. In the current study, 
extensive cognitive testing was performed 3 months 
postoperatively to avoid interference with surgery/anaes-
thesia related factors like medication or fatigue. The 
definition of pNCD as a change in two or more cognitive 

Table 3 Association between anaesthesia-related factors and 
change in cognitive function as a continuous outcome
Variable Mean z-score Test 

statistic
P

Type anaesthesia

-General
-Combined general and neur-
axial anaesthesia

2.38土2.89
2.32土3.34

T = 0.124 0.901

Duration of anaesthesia R = -0.075 0.299

Agents induction anaesthesia

-Propofol
-Other

2.35土3.13
2.82土2.80

T = -0.488 0.626

Agents induction analgesia

-Sufentanil
-Remifentanil
-Other

2.40土3.19
2.63土2.48
0.70土2.41

 F = 0.799 0.451

Agents maintenance anaesthesia

-Propofol
-Isoflurane
-Sevoflurane
-Other

2.15土2.68
2.17土4.44
2.57土4.13
4.14土2.35

 F = 1.577 0.197

Agents maintenance analgesia

-Sufentanil
-Remifentanil
-Other

2.55土3.17
1.42土3.14
2.34土2.65

 F = 1.494 0.227

Additional vasoactive medication received

-Yes
-No

2.28土3.18
3.17土1.94

T = 0.912 0.363

Mean BIS R = 0.059 0.586

Mean BIS

->=45
-<45

1.77土3.71
1.82土3.45

T = 0.062 0.951

BIS lower 45 time R = − 0.122 0.261

BIS lower 45% R = -0.100 0.355

BIS higher 60 time R = 0.036 0.743

BIS higher 60% R = 0.092 0.399

MAP lower 70 time R = -0.109 0.286

MAP 70 AUC R = -0.078 0.443
Notes. Z-scores are expressed as mean with standard deviation; p-values with 
respect to Spearman’s rank correlation coefficient, independent samples t-test 
and ANOVA.

Fig. 2 Distribution of z-scores for each cognitive test
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tests as compared to baseline is commonly used in stud-
ies reporting NCD as a dichotomous outcome [46]. An 
advantage of the criteria we used for diagnosing pNCD 
is that we performed multiple different cognitive tests 
and thereby assessed functioning in several cognitive 
domains. Lastly, as we did not use a control group, the 
impact of a learning effect, normal age-related cognitive 
decline and other possible unknown confounders were 
not reflected in the analysis.

In conclusion, duration of anaesthesia appeared to be 
the only anaesthesia-related factor significantly associ-
ated with pNCD at 3 months. This outcome, however, is 
more likely to indicate that the extent of surgery might be 
related to the risk of developing pNCD rather than dura-
tion anaesthesia being the cause of pNCD. In general, 
when applying balanced anaesthesia, there do not seem 
to be any anaesthesia-related factors that influence the 
risk of pNCD. In fact, on average patients’ postoperative 
cognitive performance scores were improved compared 
to preoperative scores.

Abbreviations
AUC  Area under the curve
BIS  Bispectral index
CCS  Charlson Comorbidity Score
CI  Confidence interval
GFI  Groningen Frailty Index
IQR  Interquartile range
MAP  Mean arterial pressure
MMSE  Mini-Mental State Examination
NCD  Neurocognitive disorder
OR  Odds ratio
POD  Postoperative delirium
RAVLT  Rey’s Auditory Verbal Learning Test
RFFT  Ruff’s Figural Fluency Test
TIVA  total intravenous anaesthesia
TMT-A  Trail Making Test part A
TMT-B  Trail Making Test part B

Acknowledgements
Not applicable.

Author contributions
Study concept and design: B.L., H.W.M., M.P. Acquisition of data: B.L., H.W.M., 
M.P. Analysis and interpretation of data: M.S., G.J.N.M., A.A., D.J.B. Data analysis: 
M.S., G.J.N.M., A.A., D.J.B. Writing: M.S., G.J.N.M., A.A., D.J.B. Revising: G.J.N.M., 
A.A., B.L., H.W.M., M.P., D.J.B. All authors read and approved the final manuscript.

Funding
Not applicable.

Data Availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Medical Ethical Committee of the University 
Medical Center Groningen (trial number NL31486.042.10) and data were 
collected in accordance with the Declaration of Helsinki. All patients provided 
written informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 24 March 2023 / Accepted: 23 October 2023

References
1. Monk TG, Price CC. Postoperative cognitive disorders. Curr Opin Crit Care. 

2011;17(4):376–81. https://doi.org/10.1097/MCC.0b013e328348bece.
2. Monk TG, Weldon BC, Garvan CW, Dede DE, van der Aa MT, Heilman KM, 

Gravenstein JS. Predictors of cognitive dysfunction after major noncardiac 
Surgery. Anesthesiology. 2008;108(1):18–30. https://doi.org/10.1097/01.anes.
0000296071.19434.1e.

3. Moller JT, Cluitmans P, Rasmussen LS, Houx P, Rasmussen H, Canet J, Rabbitt P, 
Jolles J, Larsen K, Hanning CD, Langeron O, Johnson T, Lauven PM, Kristensen 
PA, Biedler A, van Beem H, Fraidakis O, Silverstein JH, Beneken JE, Gravenstein 
JS. Long-term postoperative cognitive dysfunction in the elderly ISPOCD1 
study. ISPOCD investigators. International Study of Post-Operative Cognitive 
Dysfunction. Lancet. 1998;351(9106):857 – 61. https://doi.org/10.1016/s0140-
6736(97)07382-0. Erratum in: Lancet 1998;351(9117):1742.

4. Evered L, Scott DA, Silbert B, Maruff P. Postoperative cognitive dysfunc-
tion is independent of type of surgery and anesthetic. Anesth Analg. 
2011;112(5):1179-85. https://doi.org/10.1213/ANE.0b013e318215217e.

5. Steinmetz J, Christensen KB, Lund T, Lohse N, Rasmussen LS, ISPOCD Group. 
Long-term consequences of postoperative cognitive dysfunction. Anesthesi-
ology. 2009;110(3):548–55. https://doi.org/10.1097/ALN.0b013e318195b569.

6. Evered LA, Silbert BS. Postoperative Cognitive Dysfunction and Noncar-
diac Surgery. Anesth Analg. 2018;127(2):496–505. https://doi.org/10.1213/
ANE.0000000000003514.

7. Bhushan S, Li Y, Huang X, Cheng H, Gao K, Xiao Z. Progress of research in 
postoperative cognitive dysfunction in cardiac surgery patients: A review 
article. Int J Surg. 2021;95:106163. https://doi.org/10.1016/j.ijsu.2021.106163.

8. Negrini D, Wu A, Oba A, Harnke B, Ciancio N, Krause M, Clavijo C, Al-Musawi 
M, Linhares T, Fernandez-Bustamante A, Schmidt S. Incidence of postopera-
tive cognitive dysfunction following inhalational vs total Intravenous General 
Anesthesia: a systematic review and Meta-analysis. Neuropsychiatr Dis Treat. 
2022;18:1455–67. https://doi.org/10.2147/NDT.S374416.

9. Ma X, Hu YW, Zhao ZL, Zheng L, Qiu YR, Huang JL, Wu XJ, Mao XR, Yang 
J, Zhao JY, Li SF, Gu MN, Wang Q. Anti-inflammatory effects of propofol 
are mediated by apolipoprotein M in a hepatocyte nuclear factor-1α-
dependent manner. Arch Biochem Biophys. 2013;533(1–2):1–10. https://doi.
org/10.1016/j.abb.2013.03.002.

10. Ling L, Yang TX, Lee SWK. Effect of Anaesthesia depth on postoperative 
delirium and postoperative cognitive dysfunction in high-risk patients: a 
systematic review and Meta-analysis. Cureus. 2022;14(10):e30120. https://doi.
org/10.7759/cureus.30120.

11. Bocskai T, Kovács M, Szakács Z, Gede N, Hegyi P, Varga G, Pap I, Tóth I, Révész 
P, Szanyi I, Németh A, Gerlinger I, Karádi K, Lujber L. Is the bispectral index 
monitoring protective against postoperative cognitive decline? A systematic 
review with meta-analysis. PLoS ONE. 2020;15(2):e0229018. https://doi.
org/10.1371/journal.pone.0229018.

12. Evered LA, Chan MTV, Han R, Chu MHM, Cheng BP, Scott DA, Pryor KO, Sessler 
DI, Veselis R, Frampton C, Sumner M, Ayeni A, Myles PS, Campbell D, Leslie K, 
Short TG. Anaesthetic depth and delirium after major Surgery: a randomised 
clinical trial. Br J Anaesth. 2021;127(5):704–12.

13. Feng X, Hu J, Hua F, Zhang J, Zhang L, Xu G. The correlation of intraoperative 
hypotension and postoperative cognitive impairment: a meta-analysis of 
randomized controlled trials. BMC Anesthesiol. 2020;20(1):193. https://doi.
org/10.1186/s12871-020-01097-5.

14. Brattinga B, Plas M, Spikman JM, Rutgers A, de Haan JJ, Absalom AR, van 
der Wal-Huisman H, de Bock GH, van Leeuwen BL. The association between 
the inflammatory response following Surgery and post-operative delirium 
in older oncological patients: a prospective cohort study. Age Ageing. 
2022;51(2):afab237. https://doi.org/10.1093/ageing/afab237.

https://doi.org/10.1097/MCC.0b013e328348bece
https://doi.org/10.1097/01.anes.0000296071.19434.1e
https://doi.org/10.1097/01.anes.0000296071.19434.1e
https://doi.org/10.1016/s0140-6736(97)07382-0
https://doi.org/10.1016/s0140-6736(97)07382-0
https://doi.org/10.1213/ANE.0b013e318215217e
https://doi.org/10.1097/ALN.0b013e318195b569
https://doi.org/10.1213/ANE.0000000000003514
https://doi.org/10.1213/ANE.0000000000003514
https://doi.org/10.1016/j.ijsu.2021.106163
https://doi.org/10.2147/NDT.S374416
https://doi.org/10.1016/j.abb.2013.03.002
https://doi.org/10.1016/j.abb.2013.03.002
https://doi.org/10.7759/cureus.30120
https://doi.org/10.7759/cureus.30120
https://doi.org/10.1371/journal.pone.0229018
https://doi.org/10.1371/journal.pone.0229018
https://doi.org/10.1186/s12871-020-01097-5
https://doi.org/10.1186/s12871-020-01097-5
https://doi.org/10.1093/ageing/afab237


Page 10 of 10Stern et al. BMC Anesthesiology          (2023) 23:368 

15. Plas M, Rotteveel E, Izaks GJ, Spikman JM, van der Wal-Huisman H, van Etten 
B, Absalom AR, Mourits MJE, de Bock GH, van Leeuwen BL. Cognitive decline 
after major oncological surgery in the elderly. Eur J Cancer. 2017;86:394–402. 
https://doi.org/10.1016/j.ejca.2017.09.024.

16. Weerink LBM, van Leeuwen BL, Gernaat SAM, Absalom AR, Huisman MG, van 
der Wal-Huisman H, Izaks GJ, de Bock GH. Vitamin status and the Develop-
ment of Postoperative Cognitive decline in Elderly Surgical oncologic 
patients. Ann Surg Oncol. 2018;25(1):231–8. https://doi.org/10.1245/
s10434-017-6118-6.

17. Plas M, de Haan JJ, van der Wal-Huisman H, Rutgers A, Absalom AR, de Bock 
GH, van Leeuwen BL. The systemic impact of a surgical procedure in older 
oncological patients. Eur J Surg Oncol. 2019;45(8):1403–1409. https://doi.
org/10.1016/j.ejso.2019.04.024.

18. Plas M, Rutgers A, van der Wal-Huisman H, de Haan JJ, Absalom AR, de Bock 
GH, van Leeuwen BL. The association between the inflammatory response 
to Surgery and postoperative Complications in older patients with cancer; a 
prospective prognostic factor study. J Geriatr Oncol. 2020;11(5):873–9.

19. Brattinga B, Rutgers A, De Haan JJ, Absalom AR, van der Wal-Huisman H, 
de Bock GH, van Leeuwen BL. Preoperative inflammatory markers as a 
predictor of three-year overall survival in Older Cancer patients undergoing 
oncologic Surgery. Cancers (Basel). 2021;13(8):1824. https://doi.org/10.3390/
cancers13081824.

20. Meulendijks FG, Hamaker ME, Boereboom FT, Kalf A, Vogtlander NP, van 
Munster BC. Groningen frailty indicator in older patients with end-stage renal 
Disease. Ren Fail. 2015;37(9):1419e24.

21. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical method 
for grading the cognitive state of patients for the clinician. J Psychiatr Res. 
1975;12(3):189 – 98. https://doi.org/10.1016/0022-3956(75)90026-6.

22. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of 
classifying prognostic comorbidity in longitudinal studies: develop-
ment and validation. J Chronic Dis. 1987;40(5):373 – 83. https://doi.
org/10.1016/0021-9681(87)90171-8.

23. Lindholm ML, Träff S, Granath F, Greenwald SD, Ekbom A, Lennmarken C, 
Sandin RH. Mortality within 2 years after surgery in relation to low intraopera-
tive bispectral index values and preexisting malignant disease. Anesth Analg. 
2009;108(2):508 – 12. https://doi.org/10.1213/ane.0b013e31818f603c.

24. Kertai MD, Pal N, Palanca BJ, Lin N, Searleman SA, Zhang L, Burnside BA, Finkel 
KJ, Avidan MS, B-Unaware Study Group. Association of perioperative risk 
factors and cumulative duration of low bispectral index with intermediate-
term mortality after cardiac surgery in the B-Unaware Trial. Anesthesiology. 
2010;112(5):1116-27. https://doi.org/10.1097/ALN.0b013e3181d5e0a3.

25. Punjasawadwong Y, Boonjeungmonkol N, Phongchiewboon A. 
Bispectral index for improving anaesthetic delivery and postoperative 
recovery. Cochrane Database Syst Rev. 2007;(4):CD003843. https://doi.
org/10.1002/14651858.CD003843.pub2. Update in: Cochrane Database Syst 
Rev. 2014;6:CD003843. 

26. Van der Elst W, van Boxtel MP, van Breukelen GJ, Jolles J. Rey’s verbal learning 
test: normative data for 1855 healthy participants aged 24–81 years and the 
influence of age, sex, education, and mode of presentation. J Int Neuropsy-
chol Soc. 2005;11(3):290–302. https://doi.org/10.1017/S1355617705050344.

27. Giovagnoli AR, Del Pesce M, Mascheroni S, Simoncelli M, Laiacona M, Capitani 
E. Trail making test: normative values from 287 normal adult controls. Ital J 
Neurol Sci. 1996;17(4):305-9. https://doi.org/10.1007/BF01997792.

28. Ruff R, Light R, Evans R. The ruff figural fluency test: a normative study with 
adults. Dev Neuropsychol. 1987;3(1):37e51.

29. Guo L, Lin F, Dai H, et al. Impact of sevoflurane versus propofol anesthesia on 
post-operative cognitive dysfunction in elderly cancer patients: a double-
blinded randomized controlled trial. Med Sci Monit. 2020;26:e919293. https://
doi.org/10.12659/MSM.919293.

30. Egawa J, Inoue S, Nishiwada T, et al. Effects of anesthetics on early postop-
erative cognitive outcome and intraoperative cerebral oxygen balance in 
patients undergoing lung Surgery: a randomized clinical trial. Can J Anaesth. 
2016;63(10):1161–9. https://doi.org/10.1007/s12630-016-0700-4.

31. Silbert BS, Evered LA, Scott DA. Incidence of postoperative cognitive dys-
function after general or spinal anaesthesia for extracorporeal shock wave 

lithotripsy. Br J Anaesth. 2014;113(5):784–91. https://doi.org/10.1093/bja/
aeu163.

32. Radtke FM, Franck M, Lendner J, Krüger S, Wernecke KD, Spies CD. Monitoring 
depth of anaesthesia in a randomized trial decreases the rate of postopera-
tive delirium but not postoperative cognitive dysfunction. Br J Anaesth. 
2013;110(Suppl 1):i98–105. https://doi.org/10.1093/bja/aet055.

33. Chan MT, Cheng BC, Lee TM, Gin T, CODA Trial Group. BIS-guided anesthesia 
decreases postoperative delirium and cognitive decline. J Neurosurg Anes-
thesiol. 2013;25(1):33–42. https://doi.org/10.1097/ANA.0b013e3182712fba.

34. Tasbihgou SR, Absalom AR. Postoperative neurocognitive disorders. Korean J 
Anesthesiol. 2021;74(1):15–22. https://doi.org/10.4097/kja.20294.

35. Safavynia SA, Goldstein PA, Evered LA. Mitigation of perioperative neurocog-
nitive disorders: a holistic approach. Front Aging Neurosci. 2022;14:949148. 
https://doi.org/10.3389/fnagi.2022.949148.

36. Ender J, Borger MA, Scholz M, Funkat AK, Anwar N, Sommer M, Mohr 
FW, Fassl J. Cardiac surgery fast-track treatment in a postanesthetic care 
unit: six-month results of the Leipzig fast-track concept. Anesthesiology. 
2008;109(1):61 – 6. https://doi.org/10.1097/ALN.0b013e31817881b3.

37. Rasmussen LA, Ryhammer PK, Greisen J, Bhavsar RR, Lorentzen AG, Jakobsen 
CJ. Ultrashort acting remifentanil is not superior to long-acting sufent-
anil in preserving cognitive function-a randomized study. J Clin Anesth. 
2016;33:127–34. https://doi.org/10.1016/j.jclinane.2016.03.023.

38. Awada HN, Luna IE, Kehlet H, Wede HR, Hoevsgaard SJ, Aasvang EK. Postop-
erative cognitive dysfunction is rare after fast-track hip- and knee arthroplasty 
- but potentially related to opioid use. J Clin Anesth. 2019;57:80–6.

39. Zywiel MG, Prabhu A, Perruccio AV, Gandhi R. The influence of anesthesia 
and pain management on cognitive dysfunction after joint arthroplasty: a 
systematic review. Clin Orthop Relat Res. 2014;472(5):1453–66. https://doi.
org/10.1007/s11999-013-3363-2.

40. Bhushan S, Huang X, Duan Y, Xiao Z. The impact of regional versus general 
anesthesia on postoperative neurocognitive outcomes in elderly patients 
undergoing hip fracture Surgery: a systematic review and meta-analysis. Int J 
Surg. 2022;105:106854. https://doi.org/10.1016/j.ijsu.2022.106854.

41. Weinberg L, Li SY, Louis M, Karp J, Poci N, Carp BS, Miles LF, Tully P, Hahn R, 
Karalapillai D, Lee DK. Reported definitions of intraoperative hypotension in 
adults undergoing non-cardiac Surgery under general anaesthesia: a review. 
BMC Anesthesiol. 2022;22(1):69. https://doi.org/10.1186/s12871-022-01605-9.

42. Berger M, Browndyke JN, Cooter Wright M, Nobuhara C, Reese M, Acker 
L, Bullock WM, Colin BJ, Devinney MJ, Moretti EW, Moul JW, Ohlendorf B, 
Laskowitz DT, Waligorska T, Shaw LM, Whitson HE, Cohen HJ, Mathew JP. 
MADCO-PC investigators. Postoperative changes in cognition and cerebro-
spinal fluid neurodegenerative Disease biomarkers. Ann Clin Transl Neurol. 
2022;9(2):155–70.

43. Cormack F, Shipolini A, Awad WI, Richardson C, McCormack DJ, Colleoni L, 
Underwood M, Baldeweg T, Hogan AM. A meta-analysis of cognitive out-
come following coronary artery bypass graft surgery. Neurosci Biobehav Rev. 
2012;36(9):2118-29. https://doi.org/10.1016/j.neubiorev.2012.06.002.

44. Bruce KM, Yelland GW, Smith JA, Robinson SR. Recovery of cognitive 
function after coronary artery bypass graft operations. Ann Thorac Surg. 
2013;95(4):1306–13. https://doi.org/10.1016/j.athoracsur.2012.11.021.

45. Evered L, Silbert B, Knopman DS, Scott DA, DeKosky ST, Rasmussen LS, Oh ES, 
Crosby G, Berger M, Eckenhoff RG, Nomenclature Consensus Working Group. 
Recommendations for the Nomenclature of Cognitive Change Associated 
with Anaesthesia and Surgery-2018. Anesthesiology. 2018;129(5):872–879. 
https://doi.org/10.1097/ALN.0000000000002334.

46. Borchers F, Spies CD, Feinkohl I, Brockhaus WR, Kraft A, Kozma P, Fislage M, 
Kühn S, Ionescu C, Speidel S, Hadzidiakos D, Veldhuijzen DS, Yürek F, Evered 
LA, Ottens TH. Methodology of measuring postoperative cognitive dysfunc-
tion: a systematic review. Br J Anaesth. 2021;126(6):1119–27.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1016/j.ejca.2017.09.024
https://doi.org/10.1245/s10434-017-6118-6
https://doi.org/10.1245/s10434-017-6118-6
https://doi.org/10.1016/j.ejso.2019.04.024
https://doi.org/10.1016/j.ejso.2019.04.024
https://doi.org/10.3390/cancers13081824
https://doi.org/10.3390/cancers13081824
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1213/ane.0b013e31818f603c
https://doi.org/10.1097/ALN.0b013e3181d5e0a3
https://doi.org/10.1002/14651858.CD003843.pub2
https://doi.org/10.1002/14651858.CD003843.pub2
https://doi.org/10.1017/S1355617705050344
https://doi.org/10.1007/BF01997792
https://doi.org/10.12659/MSM.919293
https://doi.org/10.12659/MSM.919293
https://doi.org/10.1007/s12630-016-0700-4
https://doi.org/10.1093/bja/aeu163
https://doi.org/10.1093/bja/aeu163
https://doi.org/10.1093/bja/aet055
https://doi.org/10.1097/ANA.0b013e3182712fba
https://doi.org/10.4097/kja.20294
https://doi.org/10.3389/fnagi.2022.949148
https://doi.org/10.1097/ALN.0b013e31817881b3
https://doi.org/10.1016/j.jclinane.2016.03.023
https://doi.org/10.1007/s11999-013-3363-2
https://doi.org/10.1007/s11999-013-3363-2
https://doi.org/10.1016/j.ijsu.2022.106854
https://doi.org/10.1186/s12871-022-01605-9
https://doi.org/10.1016/j.neubiorev.2012.06.002
https://doi.org/10.1016/j.athoracsur.2012.11.021
https://doi.org/10.1097/ALN.0000000000002334

	Association between anaesthesia-related factors and postoperative neurocognitive disorder: a post-hoc analysis
	Abstract
	Introduction
	Materials and methods
	Protocol
	Patients and clinical data collection in the PICNIC study
	Anaesthesia-related factors
	Cognitive tests
	Definition of postoperative NCD
	Data analysis and statistics

	Results
	Discussion
	References


