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 Background: The aim of this study was to investigate the relationships among carotid plaque (CP), serum lipoprotein-asso-
ciated phospholipase (LP-PLA2), and POD in elderly patients.

 Material/Methods: Sixty-two elderly patients undergoing hip replacement with spinal-epidural anesthesia were divided into CP 
and non-CP groups based on the preoperative presence or absence of carotid atherosclerotic plaques, as as-
sessed by ultrasound. POD was diagnosed by means of the Confusion Assessment Method (CAM). Blood sam-
ples were collected (preoperatively, postoperatively, and postoperative day 2) for the assessment of serum 
LP-PLA2 by enzyme-linked immunosorbent assay. The CP group was further divided into POD and no-POD sub-
groups based on the occurrence of POD.

 Results: The incidence of POD was higher in the CP group than in the non-CP group (P<0.05). While the LP-PLA2 level 
did not significantly differ between CP and non-CP groups preoperatively (P>0.05), it was higher in the CP group 
than in the non-CP group postoperatively and on postoperative day 2 (P<0.05). In the CP group, the LP-PLA2 lev-
el did not significantly differ between the subgroups preoperatively or postoperatively (P>0.05), but was signifi-
cantly higher in the POD subgroup than in the no-POD subgroup on postoperative day 2 (P<0.05). Furthermore, 
the LP-PLA2 level on postoperative day 2 was an independent risk factor for POD (odds ratio: 1.03, 95% confi-
dence interval: 1.00–1.07).

 Conclusions: The preoperative presence of carotid plaque is closely associated with a higher incidence of POD. The potential 
mechanism may involve the increased expression of LP-PLA2 in the serum, which can lead to plaque destabi-
lization and subsequent inflammatory cascades.
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Background

Postoperative delirium (POD) is a frequent neurological com-
plication, manifested by abrupt and transient instability in 
awareness, consciousness, and cognitive and perceptual abil-
ities. POD primarily occurs in aged individuals (³65 years old), 
and is related to a high risk of morbidity and mortality, long 
hospital stays, and greater total cost [1]. Furthermore, patients 
with hip fractures have a high incidence of POD (4~53%) [2].

Carotid atherosclerosis is common in elderly patients, and vul-
nerable plaques are more prone to microvascular changes and 
embolization, causing microinfarcts and silent strokes that re-
sult in cognitive decline [3]. A recent study showed that covert 
perioperative stroke is associated with an increased risk of 
perioperative delirium [4]. However, few researchers have ex-
plored the relationship between carotid plaque (CP) and POD.

Lipoprotein-associated phospholipase LP-PLA2 has proinflam-
matory properties and is not only associated with the forma-
tion of atherosclerotic plaques, but can also reflect the se-
verity and stability of atherosclerotic plaques [5]. Thus, the 
present study aimed to explore the relationship between CP 
and POD, as well as the relationship between the LP-PLA2 lev-
el and POD in elderly patients, as a potential mechanism of 
POD induced by CP.

Material and Methods

Study design

This cohort study was approved by the Ethics Committee of 
Qilu Hospital of Shandong University (Qingdao). Written in-
formed consent was obtained from all participants.

Patients (³65 years of age) undergoing hip arthroplasty for a 
femoral neck fracture at Qilu Hospital of Shandong University 
(Qingdao) between 1 October 2016 and 30 March 2018 were 
recruited. The exclusion criteria were as follows: age <65 years, 
American Society of Anesthesiologists (ASA) physical status 
above III, mini-mental state examination (MMSE) [6,11] score 
<24, dementia due to various etiologies, history of a neurologi-
cal/mental illness or an endocrine/metabolic disorder, preoper-
ative delirium, current tranquilizer or antidepressant use, com-
munication difficulties, severe visual or hearing impairments, 
illiteracy, drug or alcohol abuse, refusal to complete the study 
procedures, perioperative anemia (hemoglobin <90 g/L), blood 
loss >800 ml, and the need for an intraoperative transfusion. 
A total of 62 patients were included in the study (Figure 1).

High-resolution B-mode ultrasound imaging of the bilateral 
carotid arteries was carried out by proficient sonographers 

according to the same protocol using GE Vivid 7 (8–10 MHz 
linear-array transducer, USA). The sonographers screened all 
levels of the carotid trees, measuring the intima-media thick-
ness (IMT, defined as the distance from the intima-lumen in-
terface to the media-adventitia interface) and focal structures 
to define plaques. Focal structures invading into the arterial 
lumen were suggestive of plaque if they were sized at least 
³0.5 mm or 50% of the surrounding IMT value, or had a thick-
ness >1.5 mm [7].

Patients were divided into CP and non-CP groups according 
to the preoperative presence or absence of carotid athero-
sclerotic plaques. The CP group was further divided into POD 
and no-POD subgroups based on the postoperative presence 
or absence of POD.

Clinical data

Basic patient demographics and clinical data were collected, 
including age, sex, body mass index (BMI), ASA score, coronary 

Assessed for eligibility (n=72)

Excluded (n=5)
Decline to participate (n=5)

Erollement (n=67)

Ultrasound examination for
carotid plaque
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(n=29)
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Pain (n=1)
Bleeding (n=1)

Follow up

AnalysisAnalyzed (n=36) Analyzed (n=26)

Discontinued (n=3)
Pain (n=2)
Bleeding (n=1)

Figure 1.  CONSORT flow diagram. Five of 72 patients declined 
to participate in the study. The patients were grouped 
by presence or absence of carotid atherosclerosis 
plaques before surgery. Five patients in groups were 
lost to follow-up because of pain and bleeding. The 
CAM was used by trained medical staff to diagnose 
postoperative delirium on postoperative days 1, 2, and 
3. CAM=Confusion Assessment Method.
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artery disease, hypertension, and diabetes. The MMSE was ad-
ministered by trained medical staff to test for impaired preop-
erative cognitive function 1 day before the surgery. Peri- and 
postoperative parameters (surgical time, blood loss, postop-
erative complications, bone cement use, drug dosage, and in-
patient duration) were documented by trained medical staff.

Anesthesia and surgical management

For all participants, the invasive blood pressure, electrocardio-
gram, and pulse oxygen saturation were continuously moni-
tored during the operative period. Spinal anesthesia was per-
formed (L3–L4); after a successful puncture, cerebrospinal fluid 
reflux was observed. Subsequently, 0.5% ropivacaine 2.5–2.6 ml 
(AstraZeneca, UK) was injected into the subarachnoid space and 
the epidural catheter was placed. The anesthesia block plane 
was involved and was regulated at T8–S5. During the opera-
tion, 2% lidocaine (Shandong Hualu Pharmaceutical Co., Ltd., 
China) was added via the epidural catheter. Blood pressure 
and heart rate fluctuation amplitude were maintained within 
±20% of the base value by using noradrenalin (Shanghai Hefeng 
Pharmaceutical Co., Ltd., China) and atropine (Shanghai Hefeng 
Pharmaceutical Co., Ltd., China). The operative time no longer 
than 4 h. Patient-controlled intravenous analgesia was utilized 
postoperatively, and the analgesic drug configuration was as 
follows: sufentanil (Humanwell Healthcare Group Co., Ltd., 
China) 2 ug/kg; dezocine (Yangtze River Pharmaceutical Group 
Co., Ltd., China) 10 mg; and ondansetron (Qilu Pharmaceutical 
Co., Ltd., China) 8 mg. Normal saline (up to 100 ml) was add-
ed, and the background infusion rate was 2 ml/h, PAC dose 
was 0.5 ml, and locking time was 15 min.

Laboratory tests

Venous blood was drawn preoperatively (T0), at the end of sur-
gery (T1), and at 06: 00 on postoperative day 2 (T3). Blood sam-
ples were promptly placed into sterile EDTA test tubes and then 
centrifuged at 3000 g for 30 min at 4°C for the collection of se-
rum. Serum was placed into polypropylene tubes and stored in 
a freezer at –80°C until further analyses. The serum expressions 
of Lp-PLA2 were determined by using enzyme-linked immunosor-
bent assay kits (R&D Systems, Wiesbaden, Germany). Preoperative 
biochemical analyses to determine the levels of C-reactive pro-
tein, high-density lipoprotein (HDL), low-density lipoprotein (LDL), 
total cholesterol (TC), triglycerides (TGs), and blood urea nitrogen 
(BUN) were also performed at our hospital laboratory.

Delirium evaluation

POD was determined on postoperative days 1, 2, and 3 (at 7: 00–
9: 00 and 17: 00–19: 00) by means of the Confusion Assessment 
Method (CAM) diagnostic algorithm. In the CAM, the follow-
ing features are evaluated: (1) acute or fluctuating onset; (2) 

inattention; (3) disorganized thinking; and (4) altered level of 
consciousness. The diagnosis of delirium by the CAM is made by 
the existence of features 1 and 2 and either 3 or 4. CAM eval-
uations were conducted by 2 trained medical staff members.

Statistical analysis

Statistical analyses were performed using SPSS version 21.0 
(IBM Corp., Armonk, NY). Categorical variables were compared 
using the chi-square test (e.g., sex, ASA, education level, coro-
nary disease, diabetes, hypertension, stains, arrhythmia, smok-
ing habit, bone cement, and the incidence of delirium on post-
operative day 1, 2, and total) or Fisher’s exact test (e.g., the 
incidence of delirium on postoperative day 3) and presented 
as numbers and percentages. Continuous data were compared 
using the t test (e.g., age, MMSE, NEF%, CRP, HDL, TC, BUN, du-
ration of anesthesia, length of stay, VAS score, Lp-PLA2 of T1 
and T2) or Mann-Whitney U test (e.g., BMI, LDL, TGs, bleeding 
volume, and Lp-PLA2 of T0) for normally distributed and skewed 
data, respectively, and are reported as the mean±standard de-
viation. Univariate and multivariate logistic regression analy-
ses were performed to examine the potential risk factors (ca-
rotid plaque, Lp-PLA2 of T2, NEUT%, BUN) of POD. Confounder 
variables with P<0.01 on univariate analysis were submitted 
to the multivariate analysis. A two-tailed P value <0.05 was 
considered as statistically significant.

Results

Study population

A total of 62 geriatric patients were enrolled, including 36 in 
the CP group and 26 in the non-CP group. There were no sta-
tistically significant differences between the groups in the main 
demographics, chronic medical conditions, and peri- and post-
operative parameters (Table 1) (P>0.05).

Incidence of delirium

The incidence of delirium was significantly higher in the CP 
group (38.90%) than in the non-CP group (7.69%) (P<0.05). 
Additionally, in the CP group, POD occurred in 10 patients on 
postoperative day 2, which was higher than the number of pa-
tients with POD on postoperative days 1 and 3. For all patients, 
POD never occurred more than once (Table 1).

Serum LP-PLA2

There was no statistically significant difference in the preopera-
tive LP-PLA2 level between the CP and non-CP groups. However, 
the LP-PLA2 level was significantly higher in the CP group than 
in the non-CP group postoperatively and on postoperative 
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Variable CP group (n=36) Non-CP group (n=26) P value

Age, years  76.75±8.25  75.62±7.28 0.577

Sex, male (%)  10 (27.78%)  8 (30.77%) 0.798

BMI, kg/m2  24.14±3.06  23.27±3.47 0.300

Education-level, 
n (%)

0–5years  17 (47.20%)  10 (38.50%)

0.4426–9years  13 (36.10%)  10 (38.50%)

>9years  6 (16.70%)  6 (23.10%)

ASA score, 
n (%)

I  0  0

0.104II  33 (91.7%)  20 (76.9%)

III  3 (8.3%)  6 (23.1%)

MMSE (point)  26.39±1.36  26.85±1.46 0.113

Coronary artery disease, n (%)  11 (30.6%)  4 (15.4%) 0.169

Diabetes, n (%)  8 (22%)  8 (31%) 0.861

Hypertension, 
n (%)

No  17 (47.2%)  8 (30.8%)

0.976
Level 1  4 (11.1%)  10 (38.5%)

Level 2  11 (30.6%)  8 (30.8%)

Level 3  4 (11.1%)  0

Stains, n (%)  3 (8.30%)  4 (15.38%) 0.387

Arrhythmia, n (%)  2 (5.60%)  4 (15.40%) 0.196

Smoking habit, n (%)  5 (13.90%)  1 (3.85%) 0.187

NEUT, %  57.97±15.92  57.21±10.54 0.832

CRP, mg/L  10.28±8.47  8.97±11.06 0.636

HDL, mmol/L  1.24±0.24  1.26±0.26 0.792

LDL, mmol/L  7.24±28.86  2.19±0.49 0.397

TC, mmol/L  5.16±0.91  4.86±0.81 0.389

TGs, mmol/L  1.67±1.55  1.10±0.27 0.113

BUN, mmol/L  5.69±1.62  5.46±1.52 0.572

Duration of anesthesia, min  73.61±18.05  84.00±11.55 0.158

bleeding volume, ml  237.50±147.05  232.31±88.91 0.873

bone cement,% 55.66% 65.38% 0.436

length of stay, day  13.87±4.77  15.35±5.27 0.307

VAS score
Postoperative 1 day  3.00±0.93  2.69±0.88 0.193

Postoperative 2 day  2.78±0.72  2.46±0.97 0.141

POD of postoperative day 1  3 (8.3%)  1 (3.8%) 0.757

POD of postoperative day 2  10 (27.8%)  1 (3.8%) 0.014*

Table 1.  Demographic and clinical characteristics and incidence of postoperative delirium and perioperative serum LP-PLA2 levels in 
the CP group and non-CP group.
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day 2 (Table 1) (P<0.05). Additionally, while the LP-PLA2 level 
did not significantly differ between the POD and no-POD sub-
groups preoperatively or postoperatively (P>0.05), it was sig-
nificantly higher in the POD subgroup than in the no-POD sub-
group on postoperative day 2 (P<0.05) (Table 2). Furthermore, 
the multivariate logistic analysis revealed that the Lp-PLA2 
level on postoperative day 2 (OR 1.03, 95% CI 1.00–1.07) and 
preoperative BUN level (OR 1.80, 95% CI 1.03–3.11) were in-
dependent risk factors for POD (Table 3).

Discussion

The present study showed a significantly increased occurrence 
of POD in patients with CP compared to that in patients with-
out CP. Additionally, there was a remarkable rise in LP-PLA2 

postoperatively among patients with CP or emerging POD. To 
the best of our knowledge, the current study is the first clin-
ical study to describe this phenomenon. It remains to be de-
termined how CP and LP-PLA2 lead to POD.

POD, an age-related syndrome, is observed in patients with hip 
fractures who undergo hip surgery. In the present study, the inci-
dence of POD was 26% among older patients undergoing hip sur-
gery, which is similar to that in previous studies [8]. Furthermore, 
the incidence of POD was higher on postoperative day 2 than at 
other times, which is also in keeping with previous studies [8].

However, the mechanism by which POD occurs is still unclear. 
The National Institute for Health and Care Excellence sug-
gested 4 major risk factors for delirium: age ³65 years, past 
or present dementia and/or cognitive deficiency, present hip 

Table 1 continued.  Demographic and clinical characteristics and incidence of postoperative delirium and perioperative serum LP-PLA2 
levels in the CP group and non-CP group.

Variable CP group (n=36) Non-CP group (n=26) P value

POD of postoperative day 3  1 (2.8%)  0 0.392

POD of postoperative day 1~3  14 (38.9%)  2 (7.69%) 0.005*

LP-PLA2 of T0, ng/ml  372.80±29.00  356.74±43.98 0.088

LP-PLA2 of T1, ng/ml  369.82±25.04  351.36±30.36 0.011

LP-PLA2 of T2, ng/ml  381.32±33.08  346.54±30.21 0.000

BMI – body mass index; ASA – American Society of Anesthesiologists; MMSE – mini-mental state examination; NEUT – neutrophil; 
CRP – C-reactive protein; HDL – high-density lipoprotein; LDL – low-density lipoprotein; TC – total cholesterol; TGs – triglycerides; 
BUN – blood urea nitrogen; VAS – visual algetic mimic scale.Compared with non-CP group, * P<0.05. Preoperatively (T0), at the end of 
surgery (T1), postoperative day 2 (T2).

POD subgroup no-POD subgroup P value

T0, ng/ml 370.74±34.26 374.10±25.89 0.740

T2, ng/ml 372.15±27.98 368.33±23.55 0.662

T3, ng/ml 405.68±35.39 365.82±20.02 0.000

Table 2. Perioperative serum LP-PLA2 in the POD subgroup and NO-POD subgroup.

Preoperatively (T0), at the end of surgery (T1), postoperative day 2 (T3).

Variable OR 95% CI P value OR* 95% CI P value

Carotid plaque 7.64 1.56–37.47 0.01 3.45 0.53–22.33 0.194

Lp-PLA2 (T2) 1.05 1.02–1.08 0.002 1.03 1.00–1.07 0.04

NEUT% 1.04 0.99–1.10 0.097 1.04 0.98–1.12 0.20

BUN 1.55 1.04–2.29 0.03 1.80 1.03–3.11 0.04

Table 3. Univariate/multiple logistic regression models for the variables associated with POD.

OR* – multiplelogistic regression models for the variables associated with POD,
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fracture, and severe disease (defined as a clinical condition of 
deterioration) [9]. In addition, Dasgupa et al. confirmed that 
psychotropic drug use, laboratory abnormalities, and psycho-
pathological symptoms were associated with POD after non-
cardiac surgery [11]. The present study analyzed many factors, 
including greater comorbidities (diabetes, hypertension, and 
coronary artery disease), preoperative laboratory test results 
(TGs, LDL, HDL, and BUN), and operative parameters. Among 
these, only BUN was supported as an independent risk factor 
for POD, which is consistent with previous studies [9]. Although 
the preoperative CRP level has been reported to be an inde-
pendent risk factor for POD in several recent studies [11,12], 
this was not the case in the present study.

Carotid atherosclerosis, widely distributed in the elderly, may 
be connected with cognitive decline. Carotid stenosis, plaque, 
and IMT reflect 3 types of atherosclerosis, all of which are pre-
sumed to be connected with central nervous system functional 
decline [13]. Atherosclerosis stenosis may be involved in cogni-
tive impairment via chronic cerebral hypoperfusion and emboli-
zation [14]. A study by Zhong suggested that IMT, but not plaque, 
is related to the occurrence of cognitive impairment during 10 
years of follow-up [15]; however, recent studies have not con-
sistently confirmed these results. Researchers found that mi-
croemboli from mechanically unstable CP could contribute to 
silent strokes, resulting in cognitive function decline [16,17]. 
Vulnerable plaques are more prone to embolization and micro-
vascular changes, leading to microinfarcts and silent strokes. 
Additionally, internal carotid artery vulnerable plaques, which 
are strongly related to the amount of white matter hyperinten-
sities, are associated with decreased cognitive performance [18].

Although there are numerous studies showing that CP is a risk 
factor for cognitive dysfunction, few studies have focused on 
the relationship between CP and POD. Recently, the prospec-
tive cohort study known as NeuroVISION suggested that co-
vert stroke is involved in an increased risk of cognitive decline, 
and the potential development of perioperative delirium [4]. As 
patients with CP were more likely to develop POD than were 
patients without CP in the present study (38.90% vs. 7.69%), 
we suggest that CP, especially unstable plaque, could brush off 
into the circulation, causing a covert stroke manifesting as POD.

Our hypothesis is that CP, especially a vulnerable plaque, may 
give off some substance due to perioperative injury. This sub-
stance can invade the central nervous system, causing inflam-
mation and dysfunction, as shown by POD. Therefore, it is critical 
to determine a biomarker reflecting the stability of CP. LP-PLA2 
may be such a biomarker. A study by Kolodgie et al. suggest-
ed that LP-PLA2 expression is strong in the necrotic core and 
surrounding macrophages of vulnerable and ruptured plaques, 
while relatively weak staining is observed in less advanced le-
sions [19]. Additionally, an analysis of 167 patients undergoing 

carotid endarterectomy in the study by Mannheim et al. showed 
that the local LP-PLA2 expression is elevated in clinically unsta-
ble and raptured plaques [20]. These findings, in common with 
the known association of LP-PLA2 with apoptotic macrophages, 
imply a hypothetical role of LP-PLA2 in promoting plaque in-
stability. Consistent with this, Sarlon-Bartoli et al. suggested 
that increased circulating concentrations of LP-PLA2 may be a 
novel maker for the prediction of CP vulnerability, as circulat-
ing LP-PLA2 is greater in individuals with unstable carotid ste-
nosis than in patients with stable plaques [5].

The complicated mechanisms underlying the association be-
tween circulating LP-PLA2 and unstable plaques require fur-
ther exploration. However, LP-PLA2 is known to promote LDL 
modification, boost matrix proteoglycans binding, and acceler-
ate their assemblage and oxidation, which is a vital induction 
stage in endothelial activation and carotid plaque rupture [21]. 
Macrophages and foam cells within vulnerable plaques pro-
duce LP-PLA2, and an excess of LP-PLA2 may be expelled into 
the circulatory system; thus, serum LP-PLA2 could indicate the 
degree of unstable plaques. In the present study, we found 
that the LP-PLA2 levels did not differ between CP and non-CP 
groups preoperatively. However, the LP-PLA2 level was signif-
icantly higher in the CP group on postoperative day 2 com-
pared to that in the non-CP group, which may indicate that 
CP stability was seriously damaged on postoperative day 2. 
Interestingly, the patients who developed POD also demonstrat-
ed a higher LP-PLA2 level on postoperative day 2 than that in 
patients who did not develop POD. This may explain the great-
er incidence of POD on postoperative day 2. Overall, the pres-
ent study results are consistent with our hypothesis that CP, 
especially vulnerable plaques, may rupture into the circulation 
under a perioperative injury stimulus. Additionally, the mass 
of LP-PLA2 may increase following a decrease in CP stability.

After multivariate adjustments, a higher LP-PLA2 level remained 
a reliable marker for an increased risk of POD. Besides predict-
ing plaque stability and being released into circulation, LP-PLA2 
may affect cognitive function in other ways. A previous study 
demonstrated that oxidized LDL could be hydrolyzed by LP-
PLA2 into 2 bioactive products: oxidized non-esterified fatty 
acids (oxNEFAs) and lysophosphatidylcholine (lysoPC). The ma-
jority of LP-PLA2-derived proinflammatory properties involve 
lysoPC [22]. Furthermore, lysoPC induces pericytes loss in the 
central nervous system, which has been shown to be character-
istic of a damaged blood-brain barrier (BBB) [23]. Additionally, 
LP-PLA2 is one of several inflammatory biomarkers with a 
known association with the risk of dementia or impaired cog-
nitive function [24,25]. Thus, we suggest that LP-PLA2 could 
be closely related to POD via 2 pathways: (1) Perioperatively, 
LP-PLA2 is released into the blood with a decrease in plaque 
stability, forming lipid microemboli that can reach the brain 
microcirculation, causing neurological dysfunction. (2) LP-PLA2 
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mediates inflammation by the hydrolysis of ox-LDL, producing 
lysoPC, which can impair endothelial function, resulting in in-
creased BBB permeability, and, therefore, peripheral inflam-
matory factors invade the central nervous system and impair 
brain function.

The present study has several limitations that should be acknowl-
edged. First, the sample size may have been insufficient to re-
veal a significant correlation between LP-PLA2 and POD in pa-
tients with CP, even though the trend was strong. Based on the 
results of the present study, we plan to further investigate these 
relationships in a larger sample. Second, the postoperative obser-
vation period was limited to 3 days, which is relatively short. A 
longer observation period may be essential for determining the 
relationships among delirium, LP-PLA2 level, and CP. Third, we 
measured the LP-PLA2 mass without analyzing its activity. LP-
PLA2, as an enzyme, can be measured by either its mass or its 
activity; currently, a consensus on the optimal method for eval-
uating the Lp-PLA2 level is lacking [26]. Thus, the association be-
tween the LP-PLA2 activity and POD requires further exploration.

Conclusions

In summary, the incidence of POD in elderly patients with CP 
is significantly increased, and excessive postoperative LP-PLA2 
levels are associated with POD. Optimizing anesthesia man-
agement for elderly patients with carotid artery plaques pre-
operatively and reducing the risk of plaque shedding may re-
duce the incidence of POD.
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