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ORIGINAL AND CLINICAL ARTICLES

Globally the number of geriatric patients un-
dergoing routine/lifesaving surgeries is on the rise 
with the advancement of the healthcare system and 
improved life expectancy. However, postoperative 
cognitive dysfunction (POCD) in the elderly, either 
in the form of disordered thinking and/or impaired 
higher mental functions following surgery and 
anaesthesia, is a serious concern due to increased 
stress to the patient as well as the caregiver, as 
well as associated morbidity. The overall incidence 
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of POCD is 25.8% at one week, 9.9% after 3 months, 
and advanced age has been attributed as a signifi-
cant risk factor for it [1, 2].

Although POCD is clinically described as a de-
viation from normal cognition, there is no consen-
sus regarding the extent of the variation. While 
the International Classification of Diseases (ICD-10) 
defines it as “mild cognitive impairment”, the Diag-
nostic and Statistical Manual of Diseases-5 (DSM-5) 
does not acknowledge it. In 2018, a nomenclature 
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Abstract
Background: Neuroinflammation, neuronal cytotoxicity, and apoptosis due to expo-
sure to anaesthetic agents are often implicated in postoperative cognitive dysfunction 
(POCD). Lidocaine and dexmedetomidine have been shown to suppress the neuron-
specific markers of inflammation, and we aimed to compare their neuroprotective  
efficacy in elderly patients.

Methods: This prospective randomized control study compared the incidence of POCD 
in ASA I/II patients aged 60 to 80 years without any history of substance abuse or any 
disorder affecting cognition. Dexmedetomidine and lidocaine were administered in-
traoperatively, and their effects on POCD were correlated with serum levels of IL-1, IL-6, 
TNF-a, amyloid-β, and S100 on postoperative day 3. POCD was assessed by the Stroop 
test, Trail making test-B, Porteus Maze test, Mini-Mental State Examination (MMSE), and 
Montreal Cognitive Assessment (MoCA) on the day before surgery and the third post-
operative day, along with blood samples. 

Results: Demographic parameters, anaesthesia duration, exposure to anaesthetic gases, 
intraoperative opioid use, and blood transfusion were similar in the lidocaine (n = 31) and 
dexmedetomidine (n = 29) groups. The incidence of POCD was 29.03% in the lidocaine 
group and 24.1% in the dexmedetomidine group (P = 0.77). On postoperative day 3, IL-1 
levels increased by 449% with lidocaine and 202% with dexmedetomidine (P = 0.03). 
TNF-a, IL-6, and S-100β levels increased similarly in both groups. There was no significant 
correlation between percentage changes in neuropsychological tests and biomarkers.

Conclusions: There was no significant difference in the incidence of POCD, but dexme-
detomidine had a better anti-inflammatory effect in terms of lesser rise of postoperative 
IL-1 compared to lidocaine.

Key words: abdominal surgery, lidocaine, elderly, dexmedetomidine, postopera-
tive cognitive dysfunction.
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consensus working group devised recommenda-
tions and guidelines to define the timing of various 
cognitive deviations in the perioperative period [3].

Since neuroinflammation, neuronal cytotoxi-
city, and apoptosis due to exposure to anaes-
thetic agents have been potentially implicated in 
the pathophysiology of POCD, the role of neuro-
protectants has become prominent and is an active 
area of interest. 

Lidocaine and dexmedetomidine have recently 
become prominent due to their increased use in  
anaesthetic and critical care practice for sedation and 
analgesia. Both lidocaine and dexmedetomidine sup-
press the inflammatory markers that are usually ele-
vated in the post-surgical period, as well as neuron-
specific markers of inflammation like neuron specific 
enolase (NSE) and S-100β, compared to controls [4–6].

Dexmedetomidine, a dextro-enantiomer of me-
detomidine and a highly selective a2 adrenorecep-
tor agonist, has sedative, analgesic, and sympatho-
lytic properties, thereby reducing the requirement 
for anaesthetic agents. a2 adrenergic receptors are 
abundant in the dorsal noradrenergic bundles, lo-
cus coeruleus, and frontal lobe, which are crucial for 
cognitive function, memory, learning, and selective 
attention. Zhang et al. [7] reported that a 0.5 μg kg–1 
loading dose over 10 minutes followed by an infu-
sion dose of 0.5 μg kg–1 h–1 in elderly patients under-
going laparoscopic surgery under general anaesthe-
sia for colorectal cancer provided neuroprotection 
regarding the reduced incidence of POCD and 
neuro-inflammatory marker levels. A meta-analysis 
also found that dexmedetomidine during surgery 
suppressed inflammatory cytokines, particularly IL-1 
and IL-6, perioperatively and helped preserve cogni-
tive functions in the elderly [8]. 

Lidocaine is a 1b class of anti-arrhythmic, sodium 
ion channel blocker that acts as a neuro-protectant 
by reducing the cerebral metabolic rate [9]. Animal 
studies have found that it decreases the release 
of ischaemic excitotoxin by reducing the trans-
membrane ion shift in the brain [10]. Wang et al. [11] 
showed that lidocaine prevented the occurrence 
of POCD on day 9 following coronary bypass sur-
gery on cardiopulmonary bypass (CPB). Another 
study on elderly patients undergoing spine surgery 
reported that the lidocaine group had better Mini-
Mental State Examination (MMSE) scores in compar-
ison to the control group, with markedly reduced 
levels of IL-6 and S-100β [4].

Neuroinflammation, protein deposition in neu-
rons, and neuronal damage are often attributed to 
POCD [12]. Factors like hypoperfusion and systemic 
inflammation increase the risk [13]. Elevated levels 
of interleukins (IL-6), cortisol, and S-100β indicate in-
flammation and neuronal damage. IL-1 and TNF-a 

affect neuronal metabolism and induce microglio-
sis, respectively [13–17].

Because there is no comparative evaluation 
of both drugs for preventing POCD, this study aims 
to compare the relative efficacy of their potential 
neuro-protective action in terms of the incidence 
of POCD in elderly patients undergoing open ab-
dominal surgery under general anaesthesia when 
administered intraoperatively. The primary objec-
tive was to compare the effect of intraoperative 
administration of dexmedetomidine with lidocaine 
on the incidence of POCD in elderly patients on 
postoperative day 3, with the secondary objective 
to correlate the incidence of postoperative cogni-
tive decline with changes in levels of serum IL-1,  
IL-6, TNF-a, amyloid-β, and S100. 

Methods
This single-centre study was conducted after 

acquiring institutional Ethics Committee approval 
(IECPG-221/28.06.2018), enlisting in the Clinical 
Trials Registry of India (CTRI/2018/08/015358) pro-
spectively, and written informed consent in 64 pa-
tients with ASA physical status I or II, elderly (age 
60–80 years), undergoing open abdominal surgery 
under general anaesthesia, with an anticipated du-
ration of more than 2 hours. Elderly patients with 
preoperative Mini Mental State Examination Score 
below 24, electrolyte imbalance, bradycardia (HR 
below 45 beats per minute), or history of alcohol 
or any substance abuse, seizures, cerebrovascular 
accidents or intracranial surgeries, psychotic disor-
ders, dementia, any disorder affecting cognition and 
higher mental functions, disease associated with 
systemic or central nervous system inflammation, 
patients with difficulty in hearing/speech/unable 
to read even with assisted vision, or with refractory 
intraoperative hypotension (mean arterial blood 
pressure [MAP] below 60 mmHg) causing discon-
tinuation of intervention agent were excluded.

The patients were randomly assigned to receive 
either lidocaine (n = 32) or dexmedetomidine (n = 32) 
using http://www.randomizer.org and simple ran-
domization. A serially numbered opaque sealed 
envelope method was used to conceal random 
allo cation. The primary investigator, participants, 
and data analysts were blinded to group allocation.

Neuropsychological assessment
All the enrolled patients underwent the follow-

ing neuropsychological tests along with routine pre-
operative assessment on the day before the surgery 
and on postoperative day 3:
1.  Mini Mental State Examination (MMSE): This is 

a screening tool to assess an individual’s cogni-
tive status. It consists of a set of 30 questions in 
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a sequential format, with a total score of 30. A sig-
nificant cognitive deficit is indicated with a score 
below 24. However, it does not assess the execu-
tive functions of cognition.

2.  Montreal Cognitive Assessment (MoCA): This was 
designed by Naseridine to assess mild cognitive 
impairment in 1996. The format is the same as 
MMSE with 2 distinct differences, i.e. the time-
bound and graded assessment of each domain 
and the assessment of additional cognitive do-
mains of abstract thought and executive func-
tions. It is a single-page, 30-point test done in 
approximately 10 minutes to assess attention, 
memory, executive functions, visuospatial abili-
ties, abstraction, delayed recall, and orientation. 
While MMSE was found to be very efficient in de-
tecting pre-existing cognitive impairment [18], 
the sensitivity of MoCA was significantly higher 
(90%) than that of MMSE (18%) in the detection 
of mild cognitive impairment, with comparable 
specificity (100% and 87%, respectively) with 
a cut-off score of 26 [19].

3.  Stroop test: This test assesses cognitive flexibility 
and inhibitory control by measuring the interfe-
rence between automatic and controlled processes. 
Participants are asked to name the ink colour in 
which words are printed, while the words repre-
sent conflicting colour names. 

4.  Porteus Maze test: This involves navigating a vir-
tual maze to locate hidden objects while facing 
different environmental conditions and challeng-
es, to assess spatial cognition, strategy develop-
ment, and memory.

5.  Trail making test: This test evaluates attention,  
executive function, and visual-motor coordination 
by measuring cognitive flexibility, visual scanning, 
and mental processing speed. Participants are in-
structed to connect a series of numbers or letters 
in ascending order while avoiding a predeter-
mined pattern.

All these tests were conducted by a psychiatrist, 
and a reduction of more than 20% in the baseline 
scores of any 2 tests was defined as POCD.

Biomarker assessment
Pre-operatively, after securing an intravenous 

line, and on the postoperative day 3, two blood 
samples were collected in clot activator and serum 
gel separator vacutainer; serum samples were ob-
tained by centrifugation on the same day of collec-
tion, stored at –80°C, and assayed simultaneously 
for measurement of IL-1, IL-6, TNF-a, amyloid-β, and 
S100 using the following sandwich Enzyme Linked 
Immunosorbent Assay (ELISA):
1.  IL-1 (eBioscience Human il-1 beta) – BMS224/2/

BMS224/2TEN Platinum ELISA Kit.

2.  IL-6 (Elabscience, Human IL-6) – E-EL-H0102 ELISA 
Kit.

3.  TNF-α (Elabscience, Human TNF-a) – E-EL-H0109 
ELISA Kit. 

4.  S-100β (Thermo Scientific, Human S100A) – 
EHS100B ELISA Kit.

The biotechnologist was blinded to the patient’s 
history and anaesthesia.

Intraoperative management
A thoracic or lumbar epidural catheter was 

placed in all the patients before induction, accord-
ing to the surgery and preference of the attending 
anaesthesiologist. 

The lidocaine group of patients received a bo-
lus dose of the lidocaine (1 mg kg–1) over 10 min-
utes before induction, followed by an infusion  
(1.5 mg kg–1 h –1), which was discontinued at the skin 
closure. 

Similarly, the dexmedetomidine group of pa-
tients received a bolus dose of dexmedetomidine 
(0.5 μg kg–1) over 10 minutes before induction, fol-
lowed by an infusion (0.5 μg kg–1 h–1), which was also 
discontinued at the skin closure. 

All the patients were induced with propofol 
1–2 mg kg–1, fentanyl 1–2 μg kg–1. The tracheal in-
tubation with an appropriately sized, cuffed en-
dotracheal tube was facilitated with atracurium of  
0.5 mg kg–1.  Volume-controlled mode of ventilation 
with a tidal volume of 6 to 8 mL kg-1 and positive end-
expiratory pressure (PEEP) at 5 cm of water was used 
with an end tidal CO2 targeting around 35 to 38.

Anaesthesia was maintained with oxygen, 
air, and isoflurane in all the patients, maintaining 
a minimum alveolar concentration (MAC) titrated to 
maintain a bispectral index (BIS) of 50–60. The pa-
tients were also given atracurium boluses at 25% 
of the intubating dose. An intravenous fentanyl bo-
lus of 0.5 μg kg–1 was administered when the heart 
rate increased by more than 20% from the baseline. 
Intravenous (IV) paracetamol (15 mg kg–1) and ke-
torolac (0.5 mg kg–1) was also administered for in-
tra-operative analgesia. Ringer lactate, Plasma-Lyte 
A, or Sterofundin were used for maintenance fluid  
at the discretion of the treating anaesthetist ac-
cording to the Holliday-Segar formula (100 mL kg–1  
for the initial 10 kg of weight, 50 mL kg–1 for the next 
10 kg of weight, 20 mL kg–1 for the successive 
weight).

IV ondansetron (0.1 mg kg–1) was given 20 min-
utes before closure of the incision for postoperative 
nausea and vomiting prophylaxis. The infusions 
of lidocaine or dexmedetomidine were discontin-
ued at the skin closure, and the residual neuromus-
cular blockade was reversed using neostigmine  
(50 μg kg–1) and glycopyrrolate (10 μg kg–1). 
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Postoperative management
After shifting the patient to the PACU, the seda-

tion level was assessed as per the Ramsay Sedation 
Scale (RAS) at one hour, and the VAS was evaluated 
hourly. The postoperative analgesia was achieved 
with epidural morphine 50 μg kg–1 at 12-hour inter-
vals. The rescue analgesia was intravenous fentanyl 
boluses (0.5 μg kg–1) if the VAS > 4.

Sample size estimation
In a retrospective study by Chen et al. [20], the 

dexmedetomidine group showed an incidence 
of POCD of 9.20% compared to the control group’s 
21.31%. The  postoperative mean MMSE score 
was 25.86, and the standard deviation was 4.10 in 
the dexmedetomidine group. We hypothesize that 
with the use of lidocaine, around 15% improvement 
in postoperative MMSE score (estimated mean value 
of 29.7) can be expected. With a power of 90% and 
a probability of alpha error of 5%, at least 24 patients 
would be required in each group to detect a statisti-
cally significant difference. Considering a dropout 
score of 20%, 60 patients were required. The sample 
size was estimated with STATA 12.0 SE for Mac OS 
(Stata Corp. 2011. STATA STATISTICAL SOFTWARE: 
Release 12. College Station, TX: Stata Corp LP).

Statistical analysis
Normally distributed continuous variables were 

expressed as mean and standard deviation (SD), 
non-normally distributed variables and categori-
cal variables as the median and inter-quartile range 
(IQR), and binary variables were described in abso-
lute numbers and proportions. 

The percentage change in score was calculated 
as follows: Percent change in score = (Postopera-
tive score – Preoperative score)/Preoperative score 
× 100. The Mann-Whitney U test was applied to 

compare categorical and non-normally distributed 
continuous variables, and binary variables were 
compared using Fisher’s exact test. A P-value of less 
than 0.05 was considered statistically significant for 
all tests. 

results
Sixty-four patients were assessed for eligibility, 

of whom 60 were analysed in this trial. Thirty-two 
patients were allotted to each group as per simple 
randomisation. One patient in the lidocaine group 
refused postop neuropsychological assessment, 
and in the dexmedetomidine group the infusion 
was discontinued in 3 patients due to hypotension 
(Figure 1).

Demographic parameters, duration of anaesthe-
sia and exposure to anaesthetic gases, intraopera-
tive use of opioids, and blood transfusion in both 
arms were comparable. The incidence of bradycar-
dia was greater with dexmedetomidine. Nine pa-
tients (29.03%) in the lidocaine group and 7 patients 
(24.1%) in the dexmedetomidine group showed an 
increase of ≥ 20% in the test scores in > 2 tests and 
satisfied the predetermined criteria for diagnosis 
of POCD on postoperative day 3 (Table 1).

Both groups had no significant difference in 
percentage change in all the postoperative neuro-
psychological assessment scores. IL-1 rose by 449% 
and 202% with lidocaine and dexmedetomidine, 
respectively, on postoperative day 3 (P = 0.03). Even 
though there was a comparable rise in the levels 
of all the biomarkers, the changes for TNF-a, IL-6, 
and S-100β were statistically comparable in both 
groups (Table 2).

The incidence of hypotension, its duration, 
and the number of episodes all were found to sub-
stantially increase the risk of developing POCD. All 
the biomarkers showed a rise in serum concentra-

Figure 1. Consort diagram

Assessed for eligibility (n = 64) Enrollment 

allocated to lidocaine (n = 32) 
• Received allocated lidocaine (n = 32 )
 • Did not receive allocated intervention (give reasons) (n = 0 )

allocated to dexmedetomidine (n = 32) 
• Received allocated dexmedetomidine (n = 32) 
• Did not receive allocated intervention (give reasons) (n = 0 ) 

lost to follow-up due to patient refusal for postoperative 
neuropsychological tests (n = 1)

Discontinued intervention ((live reasons) (n = 0 )

lost to follow-up (give reasons) (n = 0) 
Discontinued intervention due to hypotension (n = 3) 

analysed (n = 31)
Excluded from analysis (give reasons) (n= 0 )

analysed (n = 29)
Excluded from analysis (give reasons) (n = 0 ) 

Randomized (n = 64) 

Follow-up

Analvsis

Allocation
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table 1. Comparative evaluation of demography, intraoperative. and post parameters and outcome with lidocaine and dexmedetomidine

parameter lidocaine group (n = 31) dexmedetomidine group (n = 29) P-value

Demographic parameters

Age (years) 64 (60–70) 65 (61–72) 0.191

Gender male/female 11/20 (35.5/64.5) 8/21 (27.6/72.4) 0.58$

BMI (kg m–2) 23.5 (20.5–32.7) 22.5 (18.6–32) 0.57$

Level of education (secondary/higher, 
secondary/graduation)

10/11/10
(32.3/35.4/32.3)

7/11/11
(24.2/37.9/37.9)

0.80$

Comorbidities

Diabetes 4 (12.9) 8 (27.6) 0.20$

Hypertension 8 (25.8) 6 (20.7) 0.76$

Hypothyroidism 7 (22.6) 6 (20.7) 1.00$

ASA I/II 11/20 (35.5/64.5) 13/16 (44.8/55.2) 0.59$

Baseline heart rate (beats per min) 92 (77–104) 88 (77–106) 0.47#

Baseline blood pressure (mmHg) 

Systolic 125 (114–140) 128 (118–140) 0.42#

Diastolic 80 (70–90) 80 (70–90) 0.98#

Intraoperative parameters

Duration of anaesthesia (min) 140 (96–230) 155 (96–270) 0.44#

Duration of intervention (min) 120 (67–200) 128 (68–215) 0.45#

Time for induction (s) 30 (22–35) 27 (21–37) 0.51#

Time for emergence (s) 400 (282–600) 380 (300–480) 0.58#

Opioid requirement 

Fentanyl (mg) 100 (100–150) 100 (100–150) 0.86$

Morphine (mg) 3 (0–6) 3 (0–6) 0.93$

Blood loss (mL) 400 (280–800) 400 (280–1200) 0.68*

Hypotension 12 (38.7) 17 (58.6) 0.19$

Bradycardia 1 (3.2) 9 (31.03) 0.005$

Postoperative parameters 

Sedation on arrival in RS Score 4 (2–4) 3 (2–4) 0.67#

VAS at 2 hr 5 (2–7) 6 (4–7) 0.15#

VAS at 24 hr 7 (5–8) 7 (5–8) 0.42#

VAS at 48 hr 4 (3–6) 4 (3–6) 0.50#

VAS at 72 hr 2 (0–3) 2 (1–3) 0.50#

ICU (days) 0 (0–1) 0 (0–2) 0.46#

Blood transfusion 0 (0–1) 0 (0–1) 0.88#

Outcome

POCD 9 (29.03) 7 (24.1) 0.77$

ICU admissions 4 (12.9) 7 (24.1) 0.32$

All data expressed as median (inter-quartile range) and numbers (percentages), as applicable.
1Two-sample t test with equal variances. #Two-sample Wilcoxon rank-sum (Mann-Whitney) test. $Fischer exact test. *Mann-Whitney U test 
BMI – body mass index, ASA – American Society of Anaesthesiologists Physical Status, VAS – visual analogue scale, ICU – intensive care unit
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tions irrespective of the cognitive decline. There 
was no statistically significant difference despite el-
evated values of some interleukins in patients with 
POCD (Table 3).

No significant correlation was found between 
the different neuropsychological test scores and 
neuroinflammatory biomarkers (Table 4) and be-
tween their percentage changes (Table 5).

disCussion
The incidence of POCD and changes in levels of 

IL-6, TNF-a, and S-100β did not vary significantly be-
tween the 2 interventional arms in the present study. 
Among the other observed variables, intraoperative 
haemodynamic changes were significant in the dex-
medetomidine group. Intraoperative hypotension 
was found to be a risk factor for developing POCD.

The incidence of POCD in the lidocaine group 
(29.03%) was lower compared to the observational 
study done in the Indian population by Shiraboina 
et al. [21] (incidence of 37.64%). Wang et al. [11] re-
cruited 118 patients undergoing coronary artery 
bypass surgery into a trial with continuous intra-
operative lidocaine infusion (4 mg kg–1) and found 
the incidence of POCD to be 10%.

Among the neuropsychological tests, MMSE 
is a standard; a score of below 25 was excluded 
in this study because evidence for a preoperative 
cognitive deficit in the study by Chen et al. [20] 
MMSE was the sole test used to determine the inci-
dence of POCD on day 1. The median preoperative 
MMSE scores were comparable with our study, but 
the postoperative scores showed a greater decline 
(3 points compared to 1, respectively). This diffe-
rence could be due to the time point of evaluation, 
which was not specified and may significantly affect 
test scores due to residual sedation in the imme-
diate postoperative period.

The biomarkers of neuroinflammation act as 
a surrogate for the underlying mechanisms that 
may provide a physiologic basis for the claim of pro-
tection against cognitive decline by the interven-
tion agents used in our study. The markers of inflam-
mation rose in serum in the postoperative period 
in both groups. Kui Chen et al. [4] analysed the 
biomarker levels at postoperative days 1, 3, and 7. 
They found TNF-a, IL-6, NSE, and S-100β to have 
risen in the serum at day 3 in both the placebo and 
lidocaine groups. This is consistent with the find-
ing in our study, but the absolute values in serum 
show considerable variability, probably due to 
the diffe rence in demographics. Another finding 
of this study was a significantly lesser rise in IL-6 
and S-100β on postoperative day 3 in the lidocaine 
group compared to the placebo group (P < 0.05). ta
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table 3. Distribution of demographic, intraoperative, and postoperative parameters and different biomarkers by occurrence of POCD

Factor poCd (n = 16) non-poCd (n = 44) P-value
Age 65 (64–68) 64 (60–72) 0.271

Gender, male/female 6/10 (37.5/62.5) 13/31 (29.5/70.5) 0.55$

Education (secondary/higher secondary/graduation) 3/8/5 (18.7/50/31.3) 14/14/16 (31.8/31.8/36.4) 0.40$

ASA status I/II 7/9 (43.7/56.3) 17/27 (38.6/61.4) 0.77$

Duration of surgery 160 (130–205) 147.5 (122–280) 0.68#

Blood loss 425 (350–700) 385 (250–1200) 0.15#

Blood transfusion (yes/no) 33/11 13/3 0.74#

Hypotension 11 (35.5) 20 (45.5) 0.09$

Episodes of hypotension 3 (0–4) 0 (0–3) 0.006#

Duration of hypotension (seconds) 18 (0–24) 0 (0–15) 0.070#

RAS 4 (3–4) 3 (2–4) 0.44#

ICU 4 (25) 7 (15.9) 0.46$

biomarkers

pre-op post-op % change pre-op post-op % change P-value
 (% change)

TNF-a 1.69
(0.92–4.57)

2.91
(1.42–5.07)

65.19
(–25.82 to 153.1)

1.75
(0.37–5.1)

4.23
(0.76–9.24)

192.87
(–75.17 to 935.46)

0.14#

IL-1 45.36
(32.89–87.54)

185.90 
(165.9–200.7)

202.09
(103.3–471.1)

33.03
(9.81–133.2)

159.93
(54.89–289.65)

385.15
(–8.43 to 1131.21)

0.78#

IL-6 84.82
(54.02–120.8)

190.01
(87.2–297.2)

69.16
(–17.80 to 303)

73.31
(17.7–138.7)

156.35
(34.7–390. 5)

113.37
(–60.22 to 1297.80)

0.89#

S-100β 253.25
(206.6–287.6)

134.83
(72.3–399.8)

–100.18
(–151.23 to 53.1)

228.18
(178.9–289.5)

199.54
(44.9–640.8)

–39.67
(–465.29 to 67.65)

0.48#

All data expressed as median (inter-quartile range) and numbers (percentages), as applicable.
1Two-sample t test with equal variances. #Two-sample Wilcoxon rank-sum (Mann-Whitney) test. $Fischer exact test

The retrospective study by Chen et al. [4] found 
a considerable reduction in IL-6 and TNF-a serum 
levels in the dexmedetomidine group compared 
to the placebo group (P < 0.05). A meta-analysis 
reported that the use of dexmedetomidine during 
surgery suppressed inflammatory cytokines peri-
operatively and helped in preserving the cognitive 
functions in the elderly, especially IL-6 [22].

Kotekar et al. [23] studied the Indian population 
and found age as well as female gender to indicate 
a higher risk for the development of POCD. The age 
and gender disparity was not evident in our patients. 
ISPOCDII study found general anaesthesia, and du-
ration of administration of general anaesthesia, to 
be risk factors [24]. Although the median duration 
of anaesthesia exposure was higher in the POCD 
group by 20 minutes, it was not statistically signifi-
cant. This can be explained by mainly gynaecological 
surgeries being assessed in our study, with similar 
operating time frames. Our study group had a medi-
an BMI of 22.5; hence, the effect of obesity and body 
mass on POCD, due to its exaggerated inflammatory 
state, was not evident in our study. The educational 
status of patients was similar among the 2 groups.

Hypotension was a known and anticipated 
complication of one of our intervention agents. 
However, its incidence did not differ between the 
2 groups. The number of patients having intraope-
rative complications of hypotension (P = 0.09),  
hypotensive episodes (P = 0.006), and duration  
(P = 0.07) were found to be significant in those who 
developed POCD. Thus, we hypothesize that hypo-
tension leading to reduced transient cerebral perfu-
sion and hypoxia could be causative for the occur-
rence of POCD. Shiraboina et al. [21] found blood 
transfusion to be the single most prominent risk fac-
tor in cardiac surgery patients. Blood loss and blood 
transfusion were notably greater in the patients who 
developed POCD. In our study, the pain manage-
ment was multimodal and involved epidural and 
intravenous opioids and non-steroidal anti-inflam-
matory drugs (NSAIDs), as well as timely VAS-guided 
epidural doses of opioids with an overarching cover 
of NSAIDs in the postoperative period; therefore, 
postoperative pain did not play a significant role 
in our patients for the development of POCD, with 
comparable pain scores between both intervention 
arms.  
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table 4. Correlation between the neuropsychological test scores and neuroinflammatory biomarkers on postoperative day 3 (Pearson’s 
correlation coefficient) 

test tnF-a il-1 il-6 s-100β
MMSE –0.11 (P = 0.40) –0.16 (P = 0.19) 0.12 (P = 0.35) 0.06 (P = 0.59)

MoCA –0.06 (P = 0.62) –0.08 (P = 0.49) 0.11 (P = 0.37) 0.26 (P = 0.13)

Stroop Test –0.13 (P = 0.30) –0.001 (P = 0.98) 0.002 (P = 0.98) 0.07 (P = 0.57)

Porteus Maze test 0.01 (P = 0.92) 0.07 (P = 0.57) 0.11 (P = 0.37) 0.06 (P = 0.62)

Trail Making Test 0.03 (P = 0.80) 0.03 (P = 0.82) –0.09 (P = 0.47) –0.18 (P = 0.165)
MMSE – Mini-Mental State Examination, MoCA – Montreal Cognitive Assessment

table 5. Correlation between the percent change in neuropsychological test scores 
and neuroinflammatory biomarkers on postoperative day 3

neuropsychological 
tests

biomarkers rs P-value

MMSE TNF-α 0.026 0.83

IL-1 0.144 0.27

IL-6 0.245 0.05

S-100β 0.113 0.38

MoCA TNF-α 0.156 0.23

IL-1 0.090 0.49

IL-6 0.115 0.37

S-100β 0.268 0.37

Stroop Test TNF-α –0.023 0.86

IL-1 –0.150 0.25

IL-6 –0.115 0.37

S-100β 0.020 0.87

Porteus Maze test TNF-α –0.153 0.24

IL-1 0.019 0.87

IL-6 0.159 0.22

S-100β 0.280 0.30

Trail Making Test TNF-α –0.093 0.47

IL-1 –0.310 0.10

IL-6 0.051 0.69

S-100β 0.002 0.98

MMSE – Mini-Mental State Examination, MoCA – Montreal Cognitive Assessment

liMitations
Lidocaine and dexmedetomidine plasma concen-

trations were not assessed. The definition of POCD 
as per the Consensus Group also includes it being 
a time-sensitive phenomenon, but our follow-up was 
only until postoperative day 3. Most of the patients 
were diagnosed with a malignant pathology, which 
may have caused a generalized inflammatory state 
and thus been a confounding factor for the mea-
sured serum interleukins. The ge neralizability is also 
limited for being a single-centre study.

ConClusions
There is no difference in the incidence of POCD 

in patients receiving either lidocaine or dexmedeto-
midine during the intra-operative period. The gene-
ralized better anti-inflammatory effect of dexme-
detomidine in terms of lesser rise in postoperative 
IL-1 compared to lidocaine needs to be explored. 

aCKnoWledgeMents
1.  Assistance with the article: We would like to thank 

Prof. Lokesh Kashyap, Anaesthesia, Pain Medicine 
& Critical Care, AIIMS, New Delhi (India) for his as-
sistance with the study.

2. Financial support and sponsorship: none.
3. Conflicts of interest: none.
4. Presentation: none.

RefeReNCeS
1. Bedford PD. Adverse cerebral effects of anaesthesia on old people. 

Lancet 1955; 269: 259-263. doi: 10.1016/s0140-6736(55)92689-1. 
2. Moller JT, Cluitmans P, Rasmussen LS, et al. Long-term postoperative 

cognitive dysfunction in the elderly ISPOCD1 study. ISPOCD inves-
tigators. International Study of Post-Operative Cognitive Dysfunc-
tion. Lancet 1998; 351: 857-861. doi: 10.1016/s0140-6736(97)07382-0. 
Erratum in: Lancet 1998; 351: 1742. 

3. Evered L, Silbert B, Knopman DS, et al.; Nomenclature Consensus 
Working Group. Recommendations for the nomenclature of cognitive 
change associated with anaesthesia and surgery – 2018. Br J Anaesth 
2018; 121: 1005-1012. doi: 10.1016/j.bja.2017.11.087.  

4. Chen K, Wei P, Zheng Q, Zhou J, Li J. Neuroprotective effects of in-
travenous lidocaine on early postoperative cognitive dysfunction in 
elderly patients following spine surgery. Med Sci Monit 2015; 21: 
1402-1407. doi: 10.12659/MSM.894384. 

5. Li Y, He R, Chen S, Qu Y. Effect of dexmedetomidine on early post-
operative cognitive dysfunction and peri-operative inflammation in 
elderly patients undergoing laparoscopic cholecystectomy. Exp Ther 
Med 2015; 10: 1635-1642. doi: 10.3892/etm.2015.2726.  

6. Alam A, Hana Z, Jin Z, Suen KC, Ma D. Surgery, neuroinflamma-
tion and cognitive impairment. EBioMedicine 2018; 37: 547-556. doi: 
10.1016/j.ebiom.2018.10.021. 

7. Zhang Y, Xing Z, Xu Y, Xu S. Effects of different doses of dexme-
detomidine on cognitive dysfunction in elderly patients early after 
laparoscopic surgery for colorectal cancer. Nan Fang Yi Ke Da Xue 
Xue Bao 2014; 34: 743-746. 

8. Zhou C, Zhu Y, Liu Z, Ruan L. Effect of dexmedetomidine on post-
operative cognitive dysfunction in elderly patients after general 
anaes thesia: a meta-analysis. J Int Med Res 2016; 44: 1182-1190. doi: 
10.1177/0300060516671623. 

9. Evans DE, Catron PW, McDermott JJ, Thomas LB, Kobrine AI, 
Flynn ET. Effect of lidocaine after experimental cerebral ischemia in-
duced by air embolism. J Neurosurg 1989; 70: 97-102. doi: 10.3171/
jns.1989.70.1.0097. 



357

Comparison of dexmedetomidine and lidocaine for reducing POCD

10. Fried E, Amorim P, Chambers G, Cottrell JE, Kass IS. The importance 
of sodium for anoxic transmission damage in rat hippocampal slices: 
mechanisms of protection by lidocaine. J Physiol 1995; 489 (Pt 2): 
557-565. doi: 10.1113/jphysiol.1995.sp021072. 

11. Wang D, Wu X, Li J, Xiao F, Liu X, Meng M. The effect of lidocaine on 
early postoperative cognitive dysfunction after coronary artery bypass 
surgery. Anesth Analg 2002; 95: 1134-1141. doi: 10.1097/00000539-
200211000-00002. 

12. Terrando N, Monaco C, Ma D, Foxwell BM, Feldmann M, Maze M. 
Tumor necrosis factor-alpha triggers a cytokine cascade yielding 
postoperative cognitive decline. Proc Natl Acad Sci U S A 2010; 107: 
20518-20522. doi: 10.1073/pnas.1014557107. 

13. Plaschke K, Fichtenkamm P, Schramm C, et al. Early postoperative 
delirium after open-heart cardiac surgery is associated with decreased 
bispectral EEG and increased cortisol and interleukin-6. Intensive 
Care Med 2010; 36: 2081-2089. doi: 10.1007/s00134-010-2004-4. 

14. van Munster BC, Korevaar JC, Zwinderman AH, Levi M, Wiersinga WJ, 
De Rooij SE. Time-course of cytokines during delirium in elderly 
patients with hip fractures. J Am Geriatr Soc 2008; 56: 1704-1709. 
doi: 10.1111/j.1532-5415.2008.01851.x. Erratum in: J Am Geriatr Soc 
2009; 57: 190. 

15. van Munster BC, Korevaar JC, Korse CM, Bonfrer JM, Zwinderman AH, 
de Rooij SE. Serum S100B in elderly patients with and without deliri-
um. Int J Geriatr Psychiatry 2010; 25: 234-239. doi: 10.1002/gps.2326.

16. Goshen I, Yirmiya R. Interleukin-1 (IL-1): a central regulator of stress 
responses. Front Neuroendocrinol 2009; 30: 30-45. doi: 10.1016/ 
j.yfrne.2008.10.001. 

17. Terrando N, Eriksson LI, Eckenhoff RG. Perioperative neurotoxicity 
in the elderly: summary of the 4th International Workshop. Anesth 
Analg 2015; 120: 649-652. doi: 10.1213/ANE.0000000000000624. 

18. 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: 189-198. doi: 10.1016/0022-3956(75)90026-6. 

19. Nasreddine ZS, Phillips NA, Bédirian V, et al. The Montreal Cog-
nitive Assessment, MoCA: a brief screening tool for mild cognitive 
impairment. J Am Geriatr Soc 2005; 53: 695-699. doi: 10.1111/j.1532-
5415.2005.53221.x. Erratum in: J Am Geriatr Soc 2019; 67: 1991. 

20. Chen W, Liu B, Zhang F, Xue P, Cui R, Lei W. The effects of dexme-
detomidine on post-operative cognitive dysfunction and inflamma-
tory factors in senile patients. Int J Clin Exp Med 2015; 8: 4601-4605. 

21. Shiraboina M, Ayya S, Srikanth Y, Kumar R, Durga P, Gopinath R. 
Predictors of postoperative cognitive dysfunction in adult patients 
undergoing elective cardiac surgery. Indian J Anaesth 2014; 58: 334-
336. doi: 10.4103/0019-5049.135077. 

22. Zhou C, Zhu Y, Liu Z, Ruan L. Effect of dexmedetomidine on post-
operative cognitive dysfunction in elderly patients after general 
anaes thesia: a meta-analysis. J Int Med Res 2016; 44: 1182-1190. doi: 
10.1177/0300060516671623. 

23. Kotekar N, Kuruvilla CS, Murthy V. Post-operative cognitive dysfunc-
tion in the elderly: a prospective clinical study. Indian J Anaesth 2014; 
58: 263-268. doi: 10.4103/0019-5049.135034. 

24. Rasmussen LS, Johnson T, Kuipers HM, et al.; ISPOCD2 (Interna-
tional Study of Postoperative Cognitive Dysfunction) Investiga-
tors. Does anaesthesia cause postoperative cognitive dysfunction? 
A randomised study of regional versus general anaesthesia in 438 
elderly patients. Acta Anaesthesiol Scand 2003; 47: 260-266. doi: 
10.1034/j.1399-6576.2003.00057.x. 


