
HAL Id: hal-03519236
https://hal.science/hal-03519236v1

Submitted on 10 Jan 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Determinants of post-operative cognitive decline in
elderly people

J. Cartailler, C. Loyer, E. Vanderlynden, R. Nizard, C. Rabuel, L. Coblentz
Baumann, C. Hourregue, J. Dumurgier, C. Paquet

To cite this version:
J. Cartailler, C. Loyer, E. Vanderlynden, R. Nizard, C. Rabuel, et al.. Determinants of post-
operative cognitive decline in elderly people. The Journal of prevention of Alzheimer’s disease, 2021,
�10.14283/jpad.2021.13�. �hal-03519236�

https://hal.science/hal-03519236v1
https://hal.archives-ouvertes.fr


1 

 

 

Determinants of post-operative cognitive decline in elderly people 

 

  J. Cartailler*1,2, C. Loyer*3, E. Vanderlynden3, R. Nizard4, C. Rabuel3, L. Coblentz Baumann3,5, C. Hourregue6, J. 

Dumurgier6, C. Paquet6,† 

(1) Department of Anesthesiology and Intensive Care, Lariboisière - Saint Louis Hospitals, Paris, France. 

(2) Paris Diderot University, Paris, France, Inserm, UMRS-942 

(3) Département de médecine générale, Université de Paris  

(4) Département de chirurgie orthopédique et traumatologique, APHP, Hôpital Lariboisière-Fernand Widal, Université de Paris.  

(5) Patient-Centered Outcomes Research Unit, UMR 1123, Université Paris-Diderot & Inserm 

(6) Cognitive Neurology Center, Saint-Louis Lariboisière-Fernand Widal Hospital, APHP, Université de Paris INSERU1144 

 

 

 

Highlight: 

- Drop of MoCA after surgery is not associated with the type of anesthesia   

- Pre-operative treatment and well-being are associated to MoCA points loss after surgery 

- Per-operative complications and ketamine administration affect post-operative MoCA 
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Abstract:   

Background: Surgery and anesthesia can result in temporary or permanent deterioration of the cognitive 

functions, for which causes remain unclear.  

Objectives: In this pilot study, we analyzed the determinants of cognitive decline following a non-emergency 

elective prosthesis implantation surgery for hip or knee. 

Design: Prospective single-center study investigating psychomotor response time and changes in MoCA scores 

between the day before (D-1) and 2 days after (D+2) following surgery in Lariboisière Hospital (Paris, France). 

Participants: 60 patients (71.9±7.1-year-old, 72% women) were included. 

Measurements: Collected data consisted in sociodemographic data, treatment, comorbidities and type of 

anesthesia (local, general or both). Furthermore, we evaluated pain and well-being before as well as after the 

surgery using point scales.  

Results: Post-operative (D+2) MoCA scores were significantly lower than pre-operative ones (D-1) with a 

difference of median[IQR]=2[4]pts (p<0.001), we found no significant difference between locoregional and 

general anesthesia. Pre-operative benzodiazepine or anticholinergic treatment were also associated to a drop 

in MoCA scores (p=0.006). Finally, the use of ketamine during anesthesia (p=0.043) and the well-being (p=0.006) 

evaluated before intervention, were both linked to a reduced cognitive impact. 

Conclusion: In this pilot study, we observed a post-operative short-term cognitive decline following a lower limb 

surgery. We also identified pre and perioperative independent factors linked to cognitive decline following 

surgery. In a next stage, a larger cohort should be used to confirm the impact of these factors on cognitive 

decline.   

 

Keyword: Cognitive Decline, lower limb surgery, benzodiazepine, ketamine, well-being 

Abbreviations: AC: Anticholinergic, BDZ: Benzodiazepine, MoCA: Montreal Cognitive Assessment, POCD: Post-

Operative Cognitive Decline.    

 

* These authors contributed equally 

† Corresponding author Claire Paquet: claire.paquet@inserm.fr 

 

 

 

mailto:claire.paquet@inserm.fr


3 

 

INTRODUCTION 

Post-Operative Cognitive Decline (POCD) is a major cause of mortality and morbidity costing over $150 billion 

dollars yearly in health care expenses in the United States (Braunwald, et al. 2001). POCD includes post-

operative delirium, NeuroCognitive Disorder (NCD) and delayed NeuroCognitive Recovery (Mahanna-Gabrielli, 

et al. 2019). NCD definition from the DSM-V consists in a significant cognitive decline from a previous level of 

performance, diagnosed at least 30 days after the surgery and assessed by standardized neuropsychological 

testing. Delayed NeuroCognitive Recovery are tested using the same criteria as for NCD except that the diagnosis 

window must be less than 30 days after the intervention (Mahanna-Gabrielli, et al. 2019).  

POCD can lead to a loss of autonomy in the elderly (>60 year-old (yo)) (Fritz, et al. 2016, Wildes, et al. 2019). 

However, clear negative consequences of anesthesia on POCD are still debatable (Rasmussen, et al. 1999, 

Dokkedal, et al. 2016). Some papers speculate that POCD in the elderly is attributable to per-operative use of 

benzodiazepines (BDZ) and anticholinergic (AC) drugs (Pandharipande, et al. 2006, Pratico, et al. 2005), while 

others suggest that POCD would result from a pre-existing cerebral fragility (Wildes, et al. 2019, Dokkedal, et al. 

2016). Taking into account the ageing of the population linked to a growing demand for surgery, the 

identification of factors increasing the risk of POCD or more severe cognitive dysfunction is needed.  

Diagnosing NCD and delayed NeuroCognitive Recovery requires preoperative cognitive status along with 

additional stages into the routine care. Indeed, a minimal setup depends upon establishing a baseline of 

cognitive functions prior the surgery, then on the administration of at least a second neuropsychometric test in 

the post-operative period (Tsai, Sands and Leung 2010). Tools for quick assessment of POCD are for example 

the Confusion Assessment Method (CAM), Mini Mental State (MMS) or the Montreal Cognitive Assessment 

(MoCA) (Fritz, et al. 2016, Nasreddine, et al. 2005). 

In particular, the MoCA test evaluates several cognitive functions which impairment is a common mechanism 

shared by most of POCD, including memory, concentration and verbal abstraction among others. Identifying 
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POCD risk factors (drugs, comorbidity, surgical or anesthesia setups) might help targeting patients that should 

be followed-up, leading to a personalized care. This prospective pilot study aims to investigate the cognitive 

decline following a non-emergency elective hip or knee replacement, and to identify independent risk factors 

associated with it. Additionally, we search for factors linked with persistent cognitive decline evaluated six 

weeks after the surgery.  

 

METHODS 

Study population  

Between February and September 2017, patients from the orthopedic department of Lariboisière Hospital, 

programmed for a non-emergency hip or knee replacement and who provided consent, were included in this 

monocentric, prospective study based on the daily clinical practice. We did not include non-French-speaking 

patients and those refusing to participate to the study. Based on the routine clinical practice, all patients 

underwent a standardized clinical examination, including medical history and physical examination, laboratory 

tests were performed in all subjects including chemistry panel and complete blood count. Patients underwent 

either a general anesthesia (GA), a locoregional anesthesia (LRA) or LRA+ propofol (LRA+P).  

Cognitive assessment  

To evaluate the cognitive diminution, we administered the MoCA one day before, then two days and six weeks 

after the surgery. The same practitioner administered MoCA tests. Additionally, the same patient never 

performed twice the same version of the test. 

Covariates 

To identify determinants of post-operative decline, we collected during the pre-, per-, and postoperative periods 

the following covariates: 
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 Preoperative period: Age; Tobacco; Alcohol; Diabetes; Cholesterol; Hypertension (HT); Thyroids; Feeling 

of defective memory; Previous Neoplasia; Previous GA; Previous LRA; Cognitive Complaints; Anti-

hypertensive treatment; Anti-diabetic treatment (per os); AC drugs; Pre-op. Antalgic; Pre-op. NSAID; 

BDZ; Antidepressants; MoCA (D-1) score; MoCA (D-1) evaluation duration (min); Self-evaluation of pain 

(D-1) based on a point scale ranging from 0 (no pain) to 10 (extreme pain); Well-being score evaluated 

using a custom point scale ranging from 0 (no happiness) to 10 (extreme happiness); Instrument Activity 

Daily Living (iADL) based on the Lawton scale. 

 Peroperative period (surgery and anesthesia): Type of anesthesia as described above; Ketamine; 

Sufentanyl; Corticoids; Droperidol, Ephedrine; Atropine; Tranexamic acid; Clonidine chlorhydrate; 

Surgery duration; Occurrence of complications (see Appendix).  

 Post-operative period: Antalgic; NSAID; Nefopam chlorhydrate; Pregabalin; AC; BDZ; Peri-operative 

complications; MoCA (D+2, W+6) score; MoCA (D+2, W+6) evaluation duration (min); Well-being scale; 

Self-evaluation of pain (D+2, W+6); Well-being (D+2) score.  

Statistical analysis 

Numerical variables were expressed by the median and interquartile range or mean and standard deviation, 

categorical variables were expressed as the count and percentage. For all statistical test, we chose α=0.05 as 

significance level. Patient characteristic data, duration of surgery, and MoCA scores were compared using chi2, 

Student’s t-test or Wilcoxon test as appropriate. When t-test was used, the distribution normality was assessed 

with the two-tailed Shapiro-Wilk and Lilliefors tests. Sensitivity of variable of interest were computed from 

confusion matrices. 

Comparison of MoCA (D-1) scores distribution and medians between GA, LRA, and LRA+P categories were 

analyzed with Kolmogorov-Smirnov and Mann-Whitney tests, both two-tailed.  
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For binary analysis, we associated for each patient the dummy variable 1 for the loss of at least one MoCA point 

between (D-1) and (D+2), 0 otherwise. We compared this response variable to binary variable and non-binary 

variables. To identify factors associated to a post-operative decline, we first proceeded with a univariate analysis 

(Chi2 for dummy variables and Logistic Regression (LR) for non-binary variable). We computed associated factors 

unless there were less than 5 occurrences in the entire population. Time duration of MoCA administration were 

compared using a two tailed paired t-test, after log-transform and normality evaluation (Shapiro-Wilk). 

To investigate the impact of AC and BDZ treatment, we constructed two dummies variables for ‘AC’ AND ‘BDZ’ 

and for ‘AC’ OR ‘BDZ’ treatments. We searched for an association between these variables and cognitive decline 

(ΔMoCA ≥ 1) between D-1 and D+2.  

We used a multivariate class weight corrected logistic regression model to produce a risk model for loss of at 

least one MoCA point between D-1 and D+2. Variables with a p-value ≤0.05 in the univariate analysis were 

introduced in the multivariate model. In the case of incomplete data, patients were excluded from the 

multivariate analysis. We performed statistical analysis using R-studio software.

 

RESULTS 

Sixty patients (71.9±7.1 yr., 72% women) above 60 year-old were prospectively included in this study (Fig. 1, 

Tab. 1). Among them, 27 (resp. 33) underwent a non-emergency elective prosthesis hip (resp. knee) 

implantation surgery. The distributions of age, time of surgery, MoCA, pain and well-being scores were not 

different between patient from the hip and the knee groups (Kolmogorov-Smirnov test, unsignificant difference, 

data not shown). Therefore, for the statistical analysis we decided to consider patients that had a hip and knee 

surgery as a single study group.  

 



7 

 

Patients underwent GA, (n=27) or LRA (n=14) or LRA+ P (n = 13). There was no significant difference, neither in 

mean nor in variance, on the ΔMoCA between D-1 and D+2 between the 3 groups of anesthesia (Fig. 2). We 

investigated if MoCA scores obtained one day before (D-1), two days after (D+2) and six weeks (W+6) following 

the surgery were significantly different. MoCA score drop was 2[4] points (median[IQR], p<0.001) between (D-

1) and (D+2) (Fig. 3A) including 8, 14 and 19 patients who lost 1, 2 or 3 or more points respectively. We found 

no significant difference between D-1 and W+6 (MoCA median[IQR]: 24[3.5] versus 24 [4], p-value= 0.831), 

although among the 31 patients evaluated at 6 weeks, 32% did not recovered their baseline level score. We 

observed a significant decrease in the evaluation duration of the MOCA between (D-1) and (D+2) (p <0.001) and 

between (D+2) and (W+6) (p<0.001). The surgery duration did not affect the cognitive functions (median[IQR] = 

70[40] min, ranging: 30 to 200min). 

In the univariate analysis, we found a positive significant relationship between ΔMoCA ≥ 1 and BDZ treatment 

(p-value = 0.047, sensitivity = 93.8%), AC drugs (p-value = 0.023, sensitivity = 100%), ‘BDZ or AC’ (p-value = 0.006, 

sensitivity = 93.8%), perioperative complications (p-value = 0.035, sensitivity = 100%) and a negative significant 

result with the use of ketamine agent (p-value = 0.043, sensitivity = 62.5%). Results are summarized in Tab. 1. 

Furthermore, among non-binary variable, only well-being (p-value = 0.006, sensitivity = 94.6%) was significantly 

associated with cognitive decline. Using a multivariate analysis, we found that ‘well-being’, ‘Ketamine’, ‘AC’ or 

‘BDZ’, were independent risk factors associated with cognitive decline between D-1 and D+2 (see Tab. 2A).  

Similarly, we found that, persistent cognitive decline was associated with BDZ (p-value = <0.001) and 

perioperative complications (p-value = 0.013). Additionally, we found that post-operative confusion was also 

associated with a W+6 cognitive decline (p-value = 0.002). Results are shown in Tab. 2B.  

 

DISCUSSION 
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In this study, MoCA scores were significantly impacted by the surgery, with a loss of 2.25 points in average. We 

described that POCD were independently associated with pre-operative well-being, per-operative use of 

ketamine, peri-operative complications and pre-existing treatment based on either BDZ or AC drugs. In 

particular, well-being and ketamine had a protective effect, while complications and BDZ/AC treatments were 

linked to cognitive decay. Here, the type of anesthesia was not linked to cognitive decline and, persistent 

cognitive decline was linked to pre-existing BDZ medication and per-operative complications. Finally, MoCA 

evaluation duration was unchanged according the kind of anesthesia and the occurrence of POCD, however, the 

duration at W+6 was significantly shorter than D-1 and D+2 reflecting the training effect (Fig. 3B). These results 

suggest insight to improve perioperative cognitive protection and in particular to identify upstream of the 

intervention patients that could be affected by surgery or anesthesia. 

 

Ketamine is a non-barbiturate anesthetic inhibiting acetylcholine that could lead to an increased number of 

delirium (Sleigh, et al. 2014). Per-operative use of ketamine is still debated, with on one side studies defending 

its neuroprotective and anti-inflammatory actions (Dale, et al. 2012), and on the other side studies arguing for 

no beneficial effects (Avidan, et al. 2017). Interestingly ketamine was shown to speed up recovery to 

consciousness after GA, yet possible impact on POCD was unclear (Hambrecht-Wiedbusch, Li and Mashour 

2017). In the present study, per-operative ketamine administration was associated to fewer POCD, this support 

previous findings suggesting that administration of ketamine during a surgery reduces occurrences of POCD.  

 

Chaiwat et al 2019 (Chaiwat, et al. 2019) reported more POCD among patients sedated with propofol, which 

was also suspected to decrease mean arterial pressure with a risk of brain hypoxia leading to cognitive decline  

(Wild, et al. 2008). However, ketamine could preserve the hemodynamic stability during propofol-based 

anesthesia. In our study, we compared three groups with and without propofol. We did not find any impact of 

the kind of anesthesia on the cognitive decline suggesting that propofol did not impact cognition in this cohort. 
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Furthermore, patients who received ketamine also received propofol supporting the hypothesis of a benefic 

effect of the ketamine during propofol infusion. However, even if several studies are in favor of ketamine 

protective effect, further prospective randomized controlled studies would be needed to confirm this 

hypothesis.  

 

BDZ and AC drugs have long been suspected to be involved in drug-induced cognitive decline (Starr and Whalley 

1994, Bartus, et al. 1982). On one hand, BDZ act as positive allosteric modulators of GABA-A (𝛾-aminobutyric 

acid) receptors, which results in an overall increased cortical inhibition, the latter possibly responsible for mental 

deterioration (Griffin III, et al. 2013). On the other hand, delirium pathway arises from a dopamine excess and 

acetylcholine decrease, that could be due or accentuate directly by AC drugs (Maldonado 2013). Furthermore, 

consequences of BDZ or AC treatment on cognition have been extensively described for speed-up age-related 

cognitive decay and Alzheimer’s disease, not for POCD (Gage, et al. 2014, Grande, et al. 2018). In the present 

study, using a homogenous prospective non-emergent population, we observed detrimental effects of BDZ and 

AC drugs on cognitive functions. This finding supports previous results and hypothesis, however larger 

prospective and multicentric studies will be needed to confirm these results, allowing recommendations 

regarding the use of BDZ and AC drugs in non-emergent surgery. Clarifying a possible mechanisms underpinning 

BDZ/AC deleterious effects on sedated patients will benefit the prevention of temporary delayed 

NeuroCognitive Recovery as well as permanent POCD (NCD). We already know that the GABA-A agonist role of 

propofol is potentiated by BDZ, that could in turn promote POCD (Orser and Miller 2001). However, among our 

54 patients, 15 had no propofol, yet for this subpopulation the cognitive decline was statistically 

undistinguishable from the 39 other patients. A regular intake of BDZ was also associated to a reduced cognitive 

reserve (Gage, et al. 2014), the latter linked to more POCD (Feinkohl, Winterer and Pischon 2017). Nevertheless, 

we found no correlation between MoCA (D-1) scores or sociocultural levels, and intake of BDZ/AC drugs.  
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Per-operative complications were associated with ΔMoCA both two days and six weeks after the surgery. These 

findings are consistent with previous works (Greene, et al. 2009), and even more with recent works about 

complications following total hip arthroplasties (Aziz, et al. 2018). This suggests that an extended period under 

anesthesia does not affect post-operative cognition while a physiological response to a surgical complication 

does. Surgery-related inflammatory response has been associated to POCD (Alam, et al. 2018). Although we did 

not collect inflammatory-related biomarkers, we can note that among patient with peri-operative 

complications, only two had NSAIDs and three had ketamine.  

 

Finally, depressed mood, in particular among the elderly, was associated with cognitive impairment 

(Brommelhoff, et al. 2009). Several studies outlined the link between POCD and elderly mood deterioration, 

assessed using Geriatric Depression Scale for patients receiving a cardiac as well as a non-cardiac surgery 

(Rudolph and Marcantonio 2011, Greene, et al. 2009). In our study, we found no link between cognitive decline 

and patient treated for depression, which agrees with these studies. Interestingly, we found that well being 

measured before and after the surgery were not linked to pain scores, in fact pre-operative well-being was here 

an independent factor associated with POCD, which was not the case for pain. These results might be explained 

by the fact that pain was carefully managed after the surgery (av. score ≈ 4), which does mitigate POCD (Inouye, 

et al. 2015). In the end, it emerges from this study that well-being measured before the surgery is a better 

indicator of cognitive decline than post-operative pain, which suggests that the patient’s state before surgery 

affects post-operative cognitive trajectory.   

 

Limitations and perspectives 

This study has some limitations. The patients included were very homogeneous but the inclusion criteria, the 

prospective methodology during a limited period led to a small number of patients. Larger multicentric studies 
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would be needed to confirm or not these results and to propose recommendation regarding non-emergency 

arthroplasty.  

In some group the number of patients was too low to provide useful data and/or multivariate analysis. However, 

the prospective methodology and our statistical approach allowed us to underline interesting insights about 

POCD. This article is the first result of a pilot study suggesting that cognitive decline occurring after a surgery 

could be anticipated based on pre-operative factors, yet only partially. We are performing a larger study in order 

to identify patients who are at risk of both delayed neurocognitive recovery and permanent cognitive decline.  

 

CONCLUSION  

To conclude, we reported a significant cognitive decline two days following a non-emergency lower limb surgery. 

BDZ or AC drugs were associated with a poor cognitive trajectory, both in short-term, but also in long-term in 

the case of BDZ drugs. At the same time, use of per-operative ketamine appeared to have a cognitive protective 

effect. Pre-operative well-being and perioperative complications were the two non-drug factors associated with 

positive and negative outcome respectively. Findings in the present study suggest that patient’s medical 

prescriptions and the surgery/anesthesia smooth progress can both independently affect POCD. Nevertheless, 

further research, based on a larger cohort, should investigate separately factors discussed above, in particular 

drugs for which neurophysiological mechanisms remain unclear and the role in cognitive decline/protection is 

still a divisive topic. 
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GRAPHICS 

 

Figure 1: Flowchart 
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Figure 2: Distribution of ΔMoCA between D-1 and D+2 for 

the three types of anesthesia (GA, LRA, LRA+Propofol) 

showing no significant difference in (Wilcoxon test). 
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Figure 3: Distribution of MoCA score (A) and evaluation time (B) for three different periods: 

one day before (D-1), two days (D+2) and six weeks (w+6) following the surgery and 

anesthesia. 

 

 

 

Table 1: Comparison of population characteristic data between the patient with Δ𝑀𝑜𝐶𝐴 ≥ 1pt and patients 

with no point loss. Binary data are number and percentage, while non binary data are shown in median and 

interquartile range (IQR). NSAIDs ; Nonsteroidal anti-inflammatory drugs, † includes the following 

complications: failed LRA – modification of the surgery – Hemorrhage – incisors defect (see Supplementary).  

VARIABLES All (n=54) Unaffected MoCA 
group (n=16) 

Altered MoCA group 
(n=38) 

 

n or 
median 

(%) or 
[IQR] 

n or 
median 

(%) or 
[IQR] 

n or 
median 

(%) or 
[IQR] 

p-value 

PRE-OPERATIVE        

Age (yrs.) 70.5 [7.5] 69.5 [5.5] 72 [7.8] 0.259 

Sex  (female) 39 72.2% 9 56.3% 30 79.0% 0.089 

Sociocultural level  3 [2] 3 [2] 3.5 [2] 0.571 

Instrumental Activities of Daily 
Living 

4 [0] 4 [0] 4 [0] 0.731 

Smoker 8 14.8% 2 12.5% 6 15.8% 0.756 

Alcohol (0/1) 6 11.1% 3 18.8% 3 7.9% 0.246 

Hypertension  (0/1) 35 64.8% 12 [75] 23 60.5% 0.309 

Cholesterol 24 44.4% 8 [50] 16 42.1% 0.594 

Diabetes (0/1) 11 20.4% 3 18.8% 8 21.1% 0.848 

Thyroid 7 13.0% 1 6.3% 6 15.8% 0.341 

Cognitive trouble in family  (0/1) 6 11.1% 1 6.3% 5 13.2% 0.461 

Nb. of drug  4.5 [5] 3 [3.8] 5 [4] 0.204 

Anti-hypertensive treatment 
(0/1) 

1 [1] 1 [0.5] 1 [1] 0.163 

Anti-diabetic treatments  (0/1) 10 18.5% 3 18.8% 7 18.4% 0.977 

Preexisting NSAIDs  
treatment (0/1) 

16 29.6% 3 18.8% 13 34.2% 0.256 

Preexisting antalgic  
treatment (0/1) 

42 77.8% 11 68.8% 31 81.6% 0.3 

Preexisting antidepressant 
treatment (0/1) 

7 13.0% 1 6.3% 6 15.8% 0.341 

Preexisting benzodiazepine 
treatment (0/1) 

13 24.1% 1 6.3% 12 31.6% 0.047 

Preexisting anticholinergic 
treatment (0/1) 

10 18.5% 0 0.0% 10 26.3% 0.023 

Preexisting anticholinergic  OR 
benzodiazepine treatment (0/1) 

18 33.3% 1 6.3% 17 44.7% 0.006 
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MoCA score (D-1) 25 [4.8] 24 [3.2] 25.5 [4] 0.035 

Time to perform MoCA (min) 13 [5] 14 [3] 12 [5] 0.683 

Memory complaint  (0/1) 16 29.6% 3 18.8% 13 34.2% 0.256 

Pain scale (D-1) 0 [5] 0 [0.2] 0 [5] 0.084 

Well-being (D-1) 8 [2] 8 [1] 7.5 [2.5] 0.006 

Nb. Previous general anesthesia 2 [3] 1.5 [2.2] 2 [2] 0.092 

Nb. Previous loco-regional 
anesthesia   

0 [0] 0 [1.2] 0 [0] 0.259 

 
PER-OPERATIVE 

       

General anesthesia (0/1) 27 50.0% 8 50.0% 19 50.0% 0.999 

Loco-regional anesthesia  (0/1) 14 25.9% 4 25.0% 10 26.32% 0.712 

Loco-regional + propofol (0/1) 13 24.1% 4 25.0% 9 23.68% 0.690 

Surgery duration (min) 70 [40] 70 [35] 75 [40] 0.812 

Propofol 39 72.2% 11 68.8% 28 73.7% 0.712 

Sufentanyl 30 55.6% 9 56.3% 21 55.3% 0.947 

Atracurium 24 44.4% 7 43.3% 17 44.7% 0.947 

Ropivacaine 25 46.3% 9 56.3% 16 42.1% 0.341 

Marcaine/bupivacaine 21 38.9% 5 31.3% 16 42.1% 0.455 

Ketamine 11 20.4% 6 37.5% 5 13.2% 0.043 

Ephedrine 25 46.3% 6 37.5% 19 50.0% 0.4 

Atropine 8 14.8% 3 18.75% 5 13.2% 0.597 

Clonidine chlorhydrate 6 11.1% 2 12.5% 4 10.5% 0.833 

Droperidol 30 55.6% 9 56.3% 21 55.3% 0.947 

Tranexamic Acid 29 53.7% 6 37.5% 23 60.5% 0.121 

Per-operative complications† 8 14.8% 0 0.0% 8 21.1% 0.047 

 
POST-OPERATIVE 

       

Post-operative Confusion 7 13.0% 0 0.0% 7 18.4% 0.066 

Pain scale (D+2) 4.2 [4] 2.8 [5.2] 4.8 [4] 0.244 

Post-operative well being 8 [3] 9 [2.5] 8 [2] 0.3 

MoCA at D+2  23 [5] 24.5 [4.2] 22 [5] 0.014 

Time to perform MoCA (min) 12 [5] 11 [4.2] 12 [5] 0.294 

 

Table 2: Factors associated with cognitive decline at D+2 and w+6.  

2A  Sensitivity of risk factors of cognitive decline at 

D+2 computed with their significance computed from 

multivariate logistic regression for Ketamine, Well-

being and ‘AC or BDZ’ 

2B Patient characteristic associated to cognitive 

decline at six weeks (w+6) using a chi2 analysis 

VARIABLE SENSITIVITY  P-VALUE 

Per-op. complication 100%           - 

Well-being = 0 94.6%  0.012 

 

VARIABLE 𝝌𝟐(𝟏) P-VALUE 

BDZ 15.62 <0.001 

Post-op. Confusion 9.64 0.002 

Per-op. complication 6.22 0.013 
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AC OR BDZ 93.8%   <0.001 

Ketamine 62.5%   0.026 

 

 

 

 

 

 

 

 

 

 

 

Appendix: 

Statistic/ 𝚫MoCA12 AG ALR ALR + P All 

n 27 14 13 54 

Minimum -3 -3 -1 -3 

Maximum 9 8 8 9 

Mean 1.89 2.36 2.92 2.25 

Standard deviation (n-1) 3.18 3.30 2.57 3.05 

Table A1: MoCA D-1/D+2 drop statistics for the three types of anesthesia  

 

Type of peroperative complications encountered   n 

LRA installation failed  2 

A bilateral hip surgery became a hip and knee surgery  1 

Hemorrhage   3 
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Incisors broken during oro-tracheal intubation   1 

Signaled but not detailed  3 

Table A2: List of peroperative complications  

  


