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ABSTRACT

Postoperative Delirium (POD), a common complication in elderly patients after surgery
for hip fracture, is associated with negative outcomes including functional decline,
mortality, prolonged in-hospital stay and institutionalization. The literature highlights
the relation between neuroinflammation and delirium. The co-ultramicronized
association of Palmitoylethanolamide and Luteolin (PEALut) is known to reduce the
production of pro-inflammatory cytokines, thus interrupting the spread of inflammation
from the periphery to the Central Nervous System (CNS). This study, which included 80
elderly patients admitted to the hospital for hip fracture surgery, aimed to investigate
the efficacy of PEALut in the management of POD. PEALut 700/70 mg was
administered to 40 patients twice daily starting within 12 hours from admission up to
3 days after surgery. The presence and severity of delirium were assessed with the
Confusion Assessment Method (CAM) and the Delirium-O-Meter (DOM) scale, the
duration was measured in days. Incidental POD was observed in a total of 28
participants, with a significantly lower presence in PEALut-treated patients, compared
to the controls (p =0.019). Mean duration of POD was shorter, albeit not significantly,
and POD was significantly less severe in PEALut group (p=0.045). The administration
of PEALut to elderly hip fracture patients seems to prevent the onset of POD and
attenuate symptoms intensity and duration.

INTRODUCTION

Postoperative Delirium (POD) is a common complication occurring with an incidence of
up to 50% in elderly patients undergoing surgery after hip fracture, appearing
mainly within five days after surgery. POD is associated with several negative
outcomes including functional decline, mortality, prolonged in-hospital stay, and
institutionalization [1]. Therefore, the prevention of delirium is a primary issue in
managing elderly patients admitted to hospital with hip fracture.

The pathogenesis of delirium is still poorly understood. Acute systemic inflammation
related to peripheral insults such as infection, trauma or surgery can lead to an
inflammatory cascade with acute release of inflammatory mediators into the
bloodstream and propagation of the inflammatory process within the Central Nervous
(CNS)

(Neuroinflammatory Hypothesis of Delirium) [2]. Microglial cells and astrocytes in the

System via blood-brain barrier disruption and microglial activation

brain are suggested to play a key role in the behavioral changes due to systemic
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inflammation. These cells, especially in elderly age and in
neurodegenerative diseases, can change from a resting state
into an activated state called ‘primed microglia’. Primed
microglia cells produce high amounts of cytokines transmitting
and amplifying the peripheral inflammatory stimulus at CNS
level. These exaggerated central nervous system inflammatory
responses to peripheral stressors may be implicated in delirium
onset [3].

Some studies found a relationship between cytokine levels in
serum or cerebrospinal fluid and the occurrence of delirium. In
a group of elderly hip fracture patients developing POD, the
circulating levels of pro-inflammatory interleukin (IL)-6 and IL-8
were higher than in patients without POD, as well as
significantly higher levels of IL-8 and IL-1 have been found in
cerebrospinal fluid of patients with delirium after hip fracture
[4]. Moreover, there is evidence that proinflammatory cytokines
such as IL-1b can inhibit acetylcholine release and cholinergic-
dependent memory function, thus these inflammatory mediators
may be a key determinant of cognitive dysfunction during
episodes of delirium [5].

The treatment of delirium requires a multicomponent strategy
aimed at both optimizing preventative measures in addition to
pharmacological management. Pain control, nutritional support,
early mobilization, reorientation, normalization of electrolytes,
adequate hydration, oxygenation, control of constipation, a
reduced and correct management of the bladder catheter,
drug monitoring with review of the psychoactive drugs, have
been found to be useful in reducing incidence, duration and
intensity of delirium [6]. Among pharmacological therapies,
antipsychotic drugs have been used in the treatment of
agitation and psychotic symptoms in course of delirium, but
have not proven to be effective in preventing it and have been
associated with numerous side effects [7]. Similarly,
acetylcholinesterase inhibitors have proved to be ineffective
[8], as well as melatonin and melatonin agonists have shown
promise for prevention of delirium in elderly surgical patients
but the optimal dosage, formulation and treatment duration
remain unclear [?]. Other agents such as benzodiazepines [10],
histamine antagonist [11] and statins [12] have been suggested
as pharmacological treatments, but lacking of the evidences

supporting their use in delirium prevention.
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The recent acquisitions about the role of neuroinflammation in
delirium open up new possible therapeutic targets supporting
the use of anti-inflammatory substances in the prevention and
treatment of POD. Palmitoylethanolamide (PEA) is an
endogenous molecule that modulates inflammation response at
the level of the nervous tissue by the indirect interaction with
the membrane cannabinoid type 2 (CB2)-like receptor and the
direct activation of the nuclear receptors of the family of
peroxisome proliferator—activated receptors (PPAR)-alfa. PEA
exerts a modulatory control on mast cells degranulation [13]
and it has been associated with a reduced astrocytes
activation, a lower recruitment of mast cells in the areas of
damage, and a reduction of microglial cells activation [14].
Luteolin, a plant-derived flavonoid, exerts antioxidant action at
the level of CNS and has been shown to reduce inflammatory
mediators, oxidative stress and neuronal death in experimental
models [15]. Based on these evidences, the aim of this study
was to test the effect of a co-ultramicronized association of
PEA and Luteolin (co-ultra-PEALut or just PEALut) on the onset of
POD in elderly hip fracture patients.

MATERIALS AND METHODS

Study participants

This study involved 80 elderly hip fracture patients. Patients of
both sexes were eligible if they were > 75 years and had a
primary diagnosis of low trauma hip fracture, while patients
with recent head injury, severe dementia, delirium at admission
to the hospital, receiving antipsychotic drugs and not scheduled
for surgery within 48 hours, were excluded from the
investigation. The study was planned and conducted in
agreement with Declaration of Helsinki about ethical principles
for medical research involving human subjects and according to
(GCP). Ethical
approval was obtained on 13/09/2016 from the Ethical

the guidelines of Good Clinical Practice
Committee of the S.Orsola, Malpighi University Hospital in
Bologna (code CE 156/2016/0/Sper). Informed consent was
obtained from all patients. Trial reporting will comply with
CONSORT guidelines.

Study design
The  present interventional,

randomized,  single-blind,

monocentric, prospective trial was carried out at the
Orthogeriatric Unit of the IRCCS University Hospital in Bologna,

Italy, from December 2018 to May 2019. Eighty patients were
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randomized into two groups (control or PEALut) in a 1:1 ratio.
The randomization list was generated by the statistician via
computer, in random blocks of 4. The randomization sequence
was blinded for the investigators and eligible subjects were
assigned to the lowest available randomization number after
their admission to the Orthogeriatric Unit.

A commercial oral formulation composed by co-ultramicronized
association of 700 mg PEA and 70 mg of luteolin (Food for
Special Medical Purposes, Glialia®, Epitech Group SpA,
Saccolongo, ltaly) was administered to each patient of the
treatment group twice daily at 12 hours intervals (8:00 am and
8:00 pm) starting within 12 hours from admission, up to 3 days
after the surgery. The administration of PEALut was carried out
and controlled by the Orthogeriatric Unit nursing staff to
ensure treatment adherence.

Non-pharmacological strategies to address the range of risk
factors associated with POD were applied to all patients of
both control and PEALut groups. Key elements of this
multicomponent intervention were i) quick treatment of the
major triggering clinical factors (dehydration, electrolyte
imbalances, infections, postoperative anemia, etc.); ii) effective
control of pain, early surgery, physiotherapy rehabilitation
starting from the first postoperative day; iii) early removal of
the bladder catheter; iv) promotion of the presence of the
caregiver during the hospital stay.

A complete review of the home drug therapy was performed
by physicians upon admission to the Orthogeriatrics Unit.
Therapies with anticoagulants/antiplatelet agents,
antihypertensive and non-essential drugs were suspended,
blood-active  vitamins prescribed to limit

while were

anemization and transfusion requirements. Acetaminophen
1000 mg was administered every 8 hours to all patients for
pain control. A further dose of analgesic was administered
upon requested of the patient or if considered necessary by
the physician. Administering a placebo to the control group was
deemed  unnecessary, as nurses dispensed  PEALut
simultaneously with the other drug therapy, therefore the
elderly patients were unaware of the treatment received. The
physician who performed the established assessments was
blinded of which drug therapy the patients were being given.

The main outcome of the study was to evaluate the incidence of

LITERATURE

POD, while the severity and duration of delirium were
registered and analyzed as secondary outcomes.

Delirium assessment

Patients underwent delirium assessment at least three times
daily by the same physician who was comprehensively trained
for questionnaires administration and data collection.

All patients were subjected to the following assessments:

1) Diagnosis of delirium by the 4-items short form Confusion
Assessment Method (CAM) [16], a screening instrument
consisting of four ‘cardinal’ criteria (acute onset and fluctuating
course, inattention, disorganized thinking and altered level
consciousness) where the presence of both first and second and
either the third or fourth criteria are compatible with a delirium
diagnosis [17];

2) Severity of delirium by means of the Delirium-O-Meter
(DOM) scale [18], a behavioral scale with 12-items, each of
which scored on a four-point scale (0 = absent, 1= mild
disturbance, 2= moderate, 3 = severe) allowing to obtain a
total score ranging from O to 36 [17];

3) Duration of delirium, registered in total number of days from
the first to the last occurrence.

Patients’ health status and disability assessment

On admission all patients underwent a Comprehensive
Geriatric Assessment (CGA): a process focused on determining
a frail older person's medical, functional, mental, and social
capabilities and limitations [19].

The following further standardized tools were performed:

1) Cumulative lliness Rating Scale (CIRS) [20], a comorbidity
index consisting of 14 items exploring impairment regarding
different organ and systems. Each item rated from 1 (no
impairment) to 5 (extremely severe impairment). The CIRS
Severity Index (CIRS-SI) is calculated as the average of all the
CIRS items, while CIRS Comorbidity Index (CIRS-CI) score is
based on the count of the organ system with moderate to more
significant impairment (score > 3) [21];

2) American Society of Anaesthesiology (ASA) score [22], an
assessment of patient’s overall health based on five classes: )
completely healthy fit patient, Il) patient with mild systemic
disease, lll) patient with severe systemic disease that is not

incapacitating, IV) patient with incapacitating disease that is a

constant threat to life, V) moribund patient who is not expected

to live 24 hours with or without surgery [23];
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3) Short Portable Mental Status Questionnaire (SPMSQ), an
assessment of the mental functioning status consisting of 10
questions, where a poor performance (higher number of
incorrect answers) is correlated with the presence of cognitive
disorders [24];

4) Geriatric Depression Scale (GDS) [25] in its five-item
version, a scale scored from O to 5 points, for the assessment of
depressive symptoms, in which a score > 2 points is indicative
of depression [26];

5) Mini Nutritional Assessment Short Form (MNA-SF) [27], a six-
item instrument with scores ranging from O to 14 points which
categorized patients into 3 groups: with a normal nutritional
status (12 — 14 points), at risk of malnutrition (8 — 11 points), or
malnourished (0 — 7 points) [28];

6) Katz Index (ADL) and Lawton Index (IADL) to evaluate the
prefracture functional status in basic and instrumental activities
of daily living, respectively [29,30]. The six-item Katz index
assess with a unique yes/no question the performance in the
functions of bathing, dressing, toileting, transferring, continence
and feeding. A score of 6 indicates full function, 4 moderate
impairment and 2 or less indicates severe functional impairment
[31]. The eight-item IADL scale consists of 8 domains, with a
summary score ranging from O (low function, dependent) to 8
(high function, independent) [32];

7) Numeric Pain Rating Scale (NPRS), a 11-point scale scored
from O to 10 where O indicates ‘no pain’ and 10 corresponds
to ‘the most intense imaginable pain’ [33]. Patients presenting
NPRS score > 7, indicative of postoperative severe pain [34],
were considered patients with 'poor control of pain'.
Laboratory data collection

Patients were subjected to routine laboratory tests, serum
albumin, hemoglobin and vitamin D level analyses. Blood
samples were collected in the morning under fasting conditions,
within 24 hours of hospital admission.

Peri- and postoperative assessments

All patients underwent the following evaluations during the in-
hospital observation period:

1) type of fracture, surgical procedure, time to surgery (from
admission to hospital), type of anesthesia performed;

2) length of in-hospital stay and incidence of in-hospital
mortality;

3) postoperative complications.

LITERATURE

Safety assessments

Blood chemistry analyses, postoperative assessments, and
patients’ monitoring for possible occurrence of adverse events
were used for safety treatment evaluation.

Sample size calculation and statistical analysis

Assuming a delirium incidence of 50% in the control group and
a reduction to 20% incidence in PEALut group, the power
analysis (beta= 0.20 and alfa= 0.05) revealed that a sample
of 36 subject per group was needed, which was rounded to 40
to handle possible drop outs.

Categorical variables were expressed in percentages, while
continuous variables were reported as mean * Standard
Deviation (SD). One-way analysis of variance, Pearson’s chi-
square test, and the Mann—Whitney U test were used to
examine differences in patients’ baseline characteristics
between the groups. The occurrence of delirium and the
differences in its severity and duration were compared
between PEALut and control groups according to the intention-
to-treat principle. Moreover, a multiple logistic regression
analysis was carried out on the whole sample to identify the
independent effect of treatment for delirium occurrence
including all variables known to affect the incidence of delirium
as covariates. Odds ratios (OR) and 95% confidence intervals
(95% Cls) were calculated using standard formulae.
Significance was set at p<0.05. Statistical analysis was
performed using SPSS 22.0 for Windows.

RESULTS

Patients’ baseline characteristics

During the period of the study, 127 patients with hip fracture
were admitted to the hospital, 47 were excluded as they did
not meet the inclusion criteria, 80 patients (70 women and 10
men) with an average age £ SD of 87.3 + 5.4 years were
enrolled. Patients’ treatment adherence was 100% and all
enrolled patients completed the study. Control and PEALut
groups were homogeneous in terms of the patients’ mean age,
percentage of female participants, average number of drugs
taken and in the analyzed laboratory parameters, whereas the
rate of subjects living in nursing home was statistically higher
(p=0.04) in the control group (15%) compared to PEALut
group (3%) (Table 1).
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Table 1: Patients’ baseline characteristics.
PEALut Control P
Group Group
N=40 N=40
Age, mean years + SD 87.2+52 87.3+5.6 0.98
Female, % 82.5 92.5 0.17
Living in nursing home, % 3 15 0.04
Number of drugs, mean number + 54+24 48+26 0.27
SD
Hemoglobin on admission, mean 120+1.4 11.6+1.7 0.33
g/dL + SD
Albumin level on admission, mean 35.5+3.1 35.2+3.1 0.60
g/dL + SD
Vitamin D level on admission, mean 9.1+6.7 10.1+84 0.42
ng/mL + SD

Patients’ clinical assessment

Control and PEALut-treated patients showed similar clinical
features with no significant differences except for CIRS severity
index score that was slightly higher in the PEALut group (1.9 +
0.3) compared to controls (1.7 + 0.2) (p=0.02). However, most
of the participants had several comorbid disorders (mean
comorbidity index 4.1 + 1.4) including mainly hypertension
(77.5%), pulmonary diseases (37.5%), hearth diseases (59%),
previous diagnosis of dementia (21%) and auditory or visual
deficit (35%).

The evaluation of ASA score showed that patients’ overall
health was comparable between control (3.1 + 0.3) and
PEALut-treated (3.2 + 0.4) patients, as well as the depression
symptoms evaluated by the GDS score (1.6 + 1.5 in controls
compared to 1.4 + 1.2 in PEALut group) exhibited by 42% of
all patients. The cognitive status evaluation showed that PEALut
and control patients had similar SPMS questionnaire scores.
Seventeen participants were diagnosed with Alzheimer or
vascular dementia, and about 40% showed cognitive
impairment at the screening test. The independence in activities
of daily living showed similar basic (ADL) and instrumental
(IADL) scores in the control and PEALut groups, with the majority
of patients (65%) fully independent in ADL and almost 70%
who needed help in 2 or more |IADL.

Patients nutritional profile detected by MNA-SF showed no

statistically different results between the two groups. However,

more in-depth evaluation showed that only 44% of patients

LITERATURE

had a normal nutritional profile and 15% reported a state of

severe malnutrition (Table 2).

Table 2: Patients’ clinical characteristics.

PEALut Control
Group Group p
N=40 N=40
CIRS comorbidity, mean score + SD 44+15 3.8+1.2 0.07
CIRS severity, mean score + SD 1.9+0.3 1.7+0.2 0.02
SA, mean score + SD 3.2+04 3.1+0.3 0.16
GDS, mean score + SD 14+1.2 16+15 0.41
SPMSQ, mean score + SD 29+21 29+24 1.0
Katz index (ADL), mean score + SD 47+16 45+1.6 0.68
Lawton index (IADL), mean score + SD 40+27 45+32 0.47
MNA-SF, mean score + SD 10.5+2.7 106 +2.8 0.84

CIRS: Cumulative lliness Rating Scale; SPMSQ: Short Portable Mental
Status Questionnaire; ADL: Activities of Daily Living; IADL: Instrumental
Activities of Daily Living; GDS: Geriatric Depression Scale; MNA-SF:
Mini Nutritional Assessment Short Form; ASA: American Society of
Anaesthesiologist

Surgical characteristics

Based on fracture type, no statistically significant difference
was found between the two groups. On a total of 40 PEALut-
treated patients, 11 (27.5%) had an intracapsular fracture,
while the remaining 29 (72.5%) presented an extracapsular
fracture. Similarly, in the control group 13 (32.5%) patients
had intracapsular fracture compared to 27 (67.5%) with
extracapsular fracture. Control and PEALut groups underwent
similar surgical procedure with no significant differences in the
type of anesthesia performed (spinal anesthesia for all
patients), in time-to-surgery evaluation and in the number of
patients which underwent osteosyntheses procedure, as shown
in (Table 3). In particular, overall, 21 patients underwent
hemiarthroplasty, 54 osteosynthesis with intramedullary nail

and 5 osteosynthesis with cannulated compression screw.

Table 3: Patients’ surgical characteristics

PEALut Group Control Group p
N=40 N=40
Intracapsular 27.5 Intracapsular 32.5
Fracture type, % 0.62
Extracapsular 72.5 Extracapsular 67.5
General anaesthesia, % 0 0 na
Surgical procedure,
725 75 0.80
osteosyntheses %
Time to surgery, 419+78 40.1+127 0.45
mean hours + SD
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Postoperative assessment

The distribution of the postoperative complications was
comparable between the groups: the rate of patients
developing one or more medical complication was 52.5% in
controls and 50% in PEALut patients. In particular, controls and
PEALut patients showed similar incidence rate of postoperative
cardiological problems such as heart failure, myocardial
infarction and new detected atrial fibrillation which were
observed in 12.5%, 0%, 10% controls and 7.5%, 2.5%, 0%
PEALut patients, respectively for each complication. Similarly,
acute kidney failure was observed in 12.5% controls compared
to 7.5% PEALut patients, and infectious complications such as
pneumonia and urinary tract infections were reported in 2.5%
and 10% controls and in 5% and 12.5% patients treated with
PEALut. In neither group, no patients experienced thrombosis,
thromboembolism and only one patient in PEALut group
suffered from sepsis. Gastrointestinal bleeding was not
experienced in any patients, while intestinal subocclusion was
reported by 3 (7.5%) control patients and by no patient
treated with PEALut. The number of patients experiencing ‘poor
control of pain’ was similar between the two groups: 7 (17.5%)
patients had an NPRS>7 in the control group and 10 (25%) in
the PEALut

No differences were observed in

group.
perioperative death within 30 days after surgery (1 patients in
both control and PEALut groups) and in the number of blood
transfusions required by control (1.03 = 1.45) and PEALut-
treated patients (0.98 + 1.09). Also, the mean in-hospital stay
was comparable between the two groups (8.7 £ 2.4 and 8.9

1 3.4 for PEALut and control groups, respectively) (Table 4).

Table 4: Patients’ postoperative complications.

PEALut Group | Control Group p

N=40 N=40
Medical postoperative complications, n (%) 20 (50) 21 (52.5) 0.823
Heart Failure, n (%) 3(7.5) 5(12.5) 0.456
Myocardial infarction, n (%) 1(2.5) 0 (0) 0.314
|Atrial Fibrillation New Finding, n (%) 0 (0) 4 (10) 0.040
DVT/PTE, n (%) 0(0) 0(0)
IAcute kidney injury, n (%) 3(7.5) 5(12.5) 0.456
Pneumoniae, n (%) 2 (5) 1(2.5) 0.556
UTIL, n (%) 5(12.5) 4 (10) 0.723
Sepsis, n (%) 1(2.5) 0 (0) 0.314
(Gastrointestinal bleeding, n (%) 0(0) 0(0)
Intestinal subocclusion, n (%) 0(0) 3(7.5) 0.077
Poor control of pain, n (%) 10 (25) 7(17.5) 0.412
Perioperative death (30 days from surgery), n (%) 1(2.5) 1(2.5) 1.000
[Transfusions, mean blood unit + SD 0.98 £ 1.09 1.03+145 0.859
In-hospital stay, mean days + SD 8724 8934 0.780

DVT: Deep Vein Thrombosis; PTE: Pulmonary Thromboembolism; UTI: Urinary Tract Infection
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Delirium assessment

The incidence of postoperative delirium, evaluated by the CAM
scale, was observed in a total of 28 (35%) patients. Among the
controls, POD incidence was observed in 19 (47.5%) patients,
while only 9 (22.5%) PEALut patients had a diagnosis of
delirium, showing a statistically significant difference between
the control and PEALut groups (p =0.019).

The delirium severity, assessed through the DOM scale, was
significantly lower in the PEALut group (p=0.045): the mean
DOM score in control patients was 12.7 + 3.3, while in PEALut-
treated patients the mean score was 10.1 £ 2.6.

The results of the mean duration of POD showed a shorter
duration of delirium in the PEALut group, as demonstrated by
the mean duration of 1.44 + 0.5 days compared to 2.16 *
1.7 days of the control patients, but the difference between the
two groups did not reach the statistical significance (Figure 1).
Importantly, 21% of control patients required additional
sedative therapies to treat severe clinical manifestations of
POD, while none of PEALut-treated patients required these

types of parenteral interventions.

60 -
50 A
40 A

30 4 = PEALut Group

Control Group
*
i
N -
T

o A ===
Incidence of Deliium  Severity of Delirium  Duration of Delirium

(%) (DOM) (Days)

Figure 1: Primary and secondary study outcome: PEALut was
effective in reducing POD incidence (p=0.019), POD severity
(p=0.045), POD duration (p=0.227) (ns). *: p<0.05.

The results of multiple logistic regression, which used the
occurrence of delirium as binary outcome, showed that PEALut
treatment reduced about 4 times the risk of delirium (OR: 0.25
[0.08-0.73];

comorbidity, cognitive impairment, postoperative infection and

p=0.011) even after adijusting for age,

independence in activities of daily living (Table 5).
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Table 5: Multiple logistic regression analyses.
OR 95%Cl - P
PEALut group 0.247 0.084-0.729 0.011
IAge, years 0.964 0.864-1.073 0.501
ISPMSQ 1.215 0.946-1.561 0.128
ICIRS-severity score 1.584 0.195-11.909 0.688
Katz index 0.889 0.623-1.268 0.516
Postoperative infections 2.589 0.803-8.344 0.111

DISCUSSION

The impact of postoperative delirium on elderly patients’ lives
represents an important challenge as this common complication
is associated with postoperative neurocognitive disorder,
increased other postoperative complications, prolonged
hospital stays, and poor survival rates [35].

To date, many pharmacological approaches have been
proposed in the prevention of delirium, but none of them have
shown significant effectiveness. Therefore, since there are no
consistent data to support a widespread use of
pharmacological treatment [36], the best evidence-based
approach for the prevention of POD is a multicomponent non-

[6,37].

regarding the role of neuroinflammation in delirium opened

pharmacological intervention Recent acquisitions
new scenarios and new hypothetical therapeutic strategies
through the use of anti-inflammatory drugs in the prevention of
POD. Ultra-micronized PEA-based FSMPs may be deservedly
considered part of a new and promising nutritional approach
to disorders sustained by neuroinflammation such as
postoperative delirium.

The present interventional, randomized, single-blind,
monocentric prospective trial evaluated whether treatment with
the antineuroinflammatory compound PEALut, administered up
to 3 days after surgery as POD usually occurs between
postoperative days 2-5, can reduce the incidence, severity,
and duration of postoperative delirium in elderly patients with
hip fracture. Our results showed that patients treated with
PEALut perioperatively and up to 3 days after surgery had a
significant reduction in both primary and secondary outcomes.
Our sample was characterized by a very high average age,

higher than in most elderly hip fractures studies. Older age is a
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known risk factor for the development of POD and, as a result,
our study population had a high vulnerability to develop POD.
Furthermore, about a third of study participants had additional
risk factors for POD onset such as previous diagnosis of
dementia, depressive symptoms, deficit in the basal activities of
daily living with different levels of impairment, auditory or
visual deficit and malnutrition. These factors explain the high
mean incidence of POD (35%) recorded in these patients,
which, however, is similar to that reported in other studies (20-
50%) [4]. Importantly, the incidence of delirium, assessed in all
the patients by a physician who was comprehensively trained
in the administration of the screening instrument used for the
diagnosis of delirium, was significantly lower in patients
treated with PEALut compared to that observed in the control
group. Multiple logistic regression showed that treatment with
PEALut reduced about 4 times the risk of delirium even after
adjusting for age, comorbidity, postoperative infection, and
mental and functional status. These results have an important
clinical impact as POD is one of the main risk factors for
unfavorable outcome after hip fracture such as increased
mortality, high risk of developing dementia or worsening of the
symptoms of pre-existing dementia, increased risk of
perioperative complications, and poor functional recovery.

The statistical analysis also showed a reduction in the severity
of POD in the group of patients treated with PEALut, in which
the severity was indeed mild and none of the patients required
parenteral sedative therapies unlike the control group, where
21% of patients had severe clinical manifestations of POD that
required additional sedative therapies. This aspect is of great
importance since the reduction in the use of neuroleptics or
other sedatives avoid exposing patients to the multiple side
effects associated with this class of drugs. Low intensity of
delirium also allows better awareness of himself /herself and
the surrounding environment, thus reducing the trauma of
experiencing delirium. Moreover, the length of delirium in
PEALut group was about one-half that in the control group even
if not statistically significant. The reduction of length of delirium
is an important goal as high duration of delirium has been
related to an increased mortality at 6 months [38].

PEALut proved to be a safe and well-tolerated treatment, as
demonstrated by the results of postoperative evaluation, which

showed that PEALut did not increase the rate of patients
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developing one or more medical complications and by the
evaluation of adverse events which, at the end of the study,
were not reported by any patient. However, this study has
some limitations. The main ones are the relatively low number
of patients enrolled, which could limit the transferability of the
results to the general population, and the single-blind design.
Furthermore, the study participants were recruited from a
selection bias

single hospital, so may be existed. The

importance of these findings shows that larger-scale
multicentric studies, with placebo, a double-blind design and
longer follow-up, are needed to evaluate patients’ long-term
survival and cognitive decline, thus confirming the usefulness of
PEALut in POD prevention, also in other types of surgery.

CONCLUSIONS

The results obtained from this study demonstrate that a timely
administration of PEALut seems to be able to prevent the onset
of postoperative delirium and to attenuate the intensity of the
symptoms and their duration.

ACKNOWLEDGMENTS

In memory of Dr. Pioli, for his passionate dedication to scientific
research. The authors thank Epitech Group SpA for kindly
provided the food supplement.

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

REFERENCES
1. Albanese AM, Ramazani N, Greene N, Bruse L. (2022).

Review of Postoperative Delirium in Geriatric Patients
After
Rehabil. 13: 1-11.

Hip Fracture Treatment. Geriatr Orthop Surg

2. Thisayakorn P, Thipakorn Y, Tantavisut S, Sirivichayakul S,
Maes M. (2022). Delirium due to hip fracture is associated
with activated immune-inflammatory pathways and a
reduction in negative immunoregulatory mechanisms. BMC
Psychiatry. 22: 369.

3. Cerejeira J, Firmino H, Vaz-Serra A, Mukaetova-Ladinska
EB. (2010). The neuroinflammatory hypothesis of delirium.
Acta Neuropathol. 119: 737-754.

4. Dunne SS, Coffey JC, Konje S, Gasior S, Clancy CC, et al.

(2021). Biomarkers in delirium: A systematic review. J

Psychosom Res. 147: 110530.

. Petrosino S,

LITERATURE

Alam A, Hana Z, Jin Z, Suen KC, Ma D. (2018). Surgery,
neuroinflammation and
EBioMedicine. 37: 547-556.

Martinez F, Tobar C, Hill N. (2015). Preventing delirium:

cognitive impairment.

should non-pharmacological, multicomponent interventions
be used? A systematic review and meta-analysis of the
literature. Age and Ageing. 44: 196-204.

Nikooie R, Neufeld KJ, Oh ES, Wilson LM, Zhang A, et al.
(2019). Antipsychotics for Treating Delirium in Hospitalized
Adults: A Systematic Review. Ann Intern Med. 171: 485-
495,

Yu A, Wu S, Zhang Z, Dening T, Zhao S, et al. (2018).

Cholinesterase inhibitors for the treatment of delirium in

non-ICU settings. Cochrane Database Syst Rev. 6:
CDO012494.
Khaing K, Nair BR. (2021). Melatonin for delirium

prevention in hospitalized patients: A systematic review

and meta-analysis. J Psychiatr Res. 133: 181-190.

. Lonergan E, Luxenberg J, Areosa Sastre A, Wyller TB.

(2009). Benzodiazepines for delirium. Cochrane Database

Syst Rev. 1: CD006379.

. Chazot PL, Johnston L, Mcauley E, Bonner S. (2019).

Histamine and Delirium: Current Opinion. Front Pharmacol.

10: 299.

. Zeng H, Li Z, He G, Han Y, Fu W, et al. (2018). Use of

statins and the risk of delirium in critically ill and surgical
patients: Protocol of a systematic review and meta-
analysis. Medicine (Baltimore). 97: e13679.

Schiano Moriello A. (2020).
Palmitoylethanolamide: A Nutritional Approach to Keep
within Boundaries-A

Neuroinflammation Physiological

Systematic Review. Int J Mol Sci. 21: 9526.

. Clayton P, Hill M, Bogoda N, Subah S, Venkatesh R.

(2021). Palmitoylethanolamide: A Natural Compound for
Health Management. Int J Mol Sci. 22: 5305.

. Al-Khayri JM, Sahana GR, Nagella P, Joseph BV, Alessa

FM, et al. (2022). Flavonoids as Potential Anti-

Inflammatory Molecules: A Review. Molecules. 27: 2901.

. Inouye SK, van Dyck CH, Alessi CA, Balkin S, Siegal AP, et

al. (1990). Clarifying confusion: the confusion assessment

method. A new method for detection of delirium. Ann Intern

Med. 113: 941-948.

Effectiveness of Ultra-Micronized Palmitoylethanolamide /Luteolin (PEALut) in Reducing Postoperative Delirium in Elderly

Patients with Hip Fracture. Gerontology And Geriatric Research. 2023; 5(1):135.

LITERATURE


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8915233/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8915233/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8915233/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8915233/
https://pubmed.ncbi.nlm.nih.gov/35641947/
https://pubmed.ncbi.nlm.nih.gov/35641947/
https://pubmed.ncbi.nlm.nih.gov/35641947/
https://pubmed.ncbi.nlm.nih.gov/35641947/
https://pubmed.ncbi.nlm.nih.gov/35641947/
https://pubmed.ncbi.nlm.nih.gov/20309566/
https://pubmed.ncbi.nlm.nih.gov/20309566/
https://pubmed.ncbi.nlm.nih.gov/20309566/
https://pubmed.ncbi.nlm.nih.gov/34098376/
https://pubmed.ncbi.nlm.nih.gov/34098376/
https://pubmed.ncbi.nlm.nih.gov/34098376/
https://pubmed.ncbi.nlm.nih.gov/30348620/
https://pubmed.ncbi.nlm.nih.gov/30348620/
https://pubmed.ncbi.nlm.nih.gov/30348620/
https://pubmed.ncbi.nlm.nih.gov/25424450/
https://pubmed.ncbi.nlm.nih.gov/25424450/
https://pubmed.ncbi.nlm.nih.gov/25424450/
https://pubmed.ncbi.nlm.nih.gov/25424450/
https://pubmed.ncbi.nlm.nih.gov/31476770/
https://pubmed.ncbi.nlm.nih.gov/31476770/
https://pubmed.ncbi.nlm.nih.gov/31476770/
https://pubmed.ncbi.nlm.nih.gov/31476770/
https://pubmed.ncbi.nlm.nih.gov/29952000/
https://pubmed.ncbi.nlm.nih.gov/29952000/
https://pubmed.ncbi.nlm.nih.gov/29952000/
https://pubmed.ncbi.nlm.nih.gov/29952000/
https://pubmed.ncbi.nlm.nih.gov/33348252/
https://pubmed.ncbi.nlm.nih.gov/33348252/
https://pubmed.ncbi.nlm.nih.gov/33348252/
https://pubmed.ncbi.nlm.nih.gov/19821364/
https://pubmed.ncbi.nlm.nih.gov/19821364/
https://pubmed.ncbi.nlm.nih.gov/19821364/
https://pubmed.ncbi.nlm.nih.gov/31024298/
https://pubmed.ncbi.nlm.nih.gov/31024298/
https://pubmed.ncbi.nlm.nih.gov/31024298/
https://pubmed.ncbi.nlm.nih.gov/30572490/
https://pubmed.ncbi.nlm.nih.gov/30572490/
https://pubmed.ncbi.nlm.nih.gov/30572490/
https://pubmed.ncbi.nlm.nih.gov/30572490/
https://pubmed.ncbi.nlm.nih.gov/33333772/
https://pubmed.ncbi.nlm.nih.gov/33333772/
https://pubmed.ncbi.nlm.nih.gov/33333772/
https://pubmed.ncbi.nlm.nih.gov/33333772/
https://pubmed.ncbi.nlm.nih.gov/34069940/
https://pubmed.ncbi.nlm.nih.gov/34069940/
https://pubmed.ncbi.nlm.nih.gov/34069940/
https://pubmed.ncbi.nlm.nih.gov/35566252/
https://pubmed.ncbi.nlm.nih.gov/35566252/
https://pubmed.ncbi.nlm.nih.gov/35566252/
https://pubmed.ncbi.nlm.nih.gov/2240918/
https://pubmed.ncbi.nlm.nih.gov/2240918/
https://pubmed.ncbi.nlm.nih.gov/2240918/
https://pubmed.ncbi.nlm.nih.gov/2240918/

ISSN# 2834-3476

17.

20.

21.

22.

23.

24,

25.

26.

27.

Adamis D, Sharma N, Whelan PJ, Macdonald AJ. (2010).
Delirium scales: A review of current evidence. Aging Ment

Health. 14: 543-555.

. De Jonghe JF, Kalisvaart KJ, Timmers JF, Kat MG, Jackson

JC. (2005). Delirium-O-Meter: a nurses rating scale for
monitoring delirium severity in geriatric patients. Int J

Geriatr Psychiatry. 20: 1158-1166.

. Ellis G, Whitehead MA, O'Neill D, Langhorne P, Robinson

D. (2011). Comprehensive geriatric assessment for older
adults admitted to hospital. Cochrane Database Syst Rev.
7: CD006211.

Parmelee PA, Thuras PD, Katz IR, Lawton MP. (1995).
Validation of the Cumulative lliness Rating Scale in a
geriatric residential population. J Am Geriatr Soc. 43:
130-137.

Corrao S, Natoli G, Nobili A, Mannucci PM, Pietrangelo A,
et al. (2020). Comorbidity does not mean clinical
complexity: evidence from the RePoS| register. Intern
Emerg Med. 15: 621-628.

Owens WD, Felts JA, Spitznagel EL. (1978). ASA physical
status

Anesthesiology. 49: 239-243.

classificationsdstudy of consistency of ratings.
Daabiss M. (2011). American Society of Anaesthesiologists
physical status classification. Indian J Anaesth. 55: 111-
115.
Pfeiffer E. (1975). A short portable mental status
questionnaire for the assessment of organic brain deficit in
elderly patients. J] Am Geriatr Soc. 23: 433-441.

Hoyl MT, Alessi CA, Harker JO, Josephson KR, Pietruszka F,
et al. (1999). Development and testing of a five-item
version of the Geriatric Depression Scale. JAGS. 47: 873-
878.

Rinaldi P, Mecocci P, Benedetti C, Ercolani S, Bregnocchi M,
et al. (2003). Validation of the five-item geriatric
depression scale in elderly subjects in three different
settings. J Am Geriatr Soc. 51: 694-698.

Rubenstein LZ, Harker JO, Salva A, Guigoz Y, Vellas B.
(2001). Screening for Undernutrition in Geriatric Practice:
Developing the Short-Form Mini Nutritional Assessment

(MNA-SF). J. Geront. 56: M366-372.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

LITERATURE

Liv H, Jiao J, Zhu M, Wen X, Jin J, et al. (2022). Nutritional

Status According to the Short-Form Mini Nutritional

Assessment (MNA-SF) and Clinical Characteristics as
Predictors of Length of Stay, Mortality, and Readmissions
among Older Inpatients in China: A National Study. Front
Nutr. 25: 815578.

Katz TF, Brody EM. (1963). A.D.L. Activities of Daily Living.
JAMA. 185: 914-191.

Lawton MP. (1969). Instrumental Activities of Daily Living.
Gerontologist. 9: 179-186.
Wallace M, Shelkey M. (2007). Katz Index of
Independence in Activities of Daily Living (ADL). Urol Nurs.
27: 93-94.

Coyne R, Kluwer W. (2019). The Lawton Instrumental
Activities of Daily Living (IADL) Scale. Gerontologist.
Rodriguez CS. (2001). Pain measurement in the elderly: a
review. Pain manag Nurs. 2: 28-36.

Jones KR, Vojir CP, Hutt E, Fink R. (2007). Determining mild,
moderate, and severe pain equivalency across pain-
intensity tools in nursing home residents. J Rehabil Res Dev.
44: 305-314.

Shi Z, Mei X, Li C, Chen Y, Zheng H, et al. (2019).
Postoperative Delirium Is Associated with Long-term
Decline in Activities of Daily Living. Anesthesiology. 131:
492-500.

Siddigi N, Harrison JK, Clegg A, Teale EA, Young J, et al.
(2016). Interventions for preventing delirium in hospitalised
non-ICU patients. Rev. 3:

CD005563.

Cochrane Database Syst

Polimann CT, Mellingsceter MR, Neerland BE, Straume-
Ncesheim T, Argen A, et al. (2021). Orthogeriatric co-
management reduces incidence of delirium in hip fracture
patients. Osteoporos Int 2021, 32, 2225-2233.

Bellelli G, Mazzola P, Morandi A, Bruni A, Carnevali L, et
al. (2014). Duration of postoperative delirium is an
independent predictor of 6-month mortality in older adults

after hip fracture. J Am Geriatr. 62: 1335-1340.

Effectiveness of Ultra-Micronized Palmitoylethanolamide /Luteolin (PEALut) in Reducing Postoperative Delirium in Elderly
Patients with Hip Fracture. Gerontology And Geriatric Research. 2023; 5(1):135.

LITERATURE


https://pubmed.ncbi.nlm.nih.gov/20480420/
https://pubmed.ncbi.nlm.nih.gov/20480420/
https://pubmed.ncbi.nlm.nih.gov/20480420/
https://pubmed.ncbi.nlm.nih.gov/16315151/
https://pubmed.ncbi.nlm.nih.gov/16315151/
https://pubmed.ncbi.nlm.nih.gov/16315151/
https://pubmed.ncbi.nlm.nih.gov/16315151/
https://pubmed.ncbi.nlm.nih.gov/28898390/
https://pubmed.ncbi.nlm.nih.gov/28898390/
https://pubmed.ncbi.nlm.nih.gov/28898390/
https://pubmed.ncbi.nlm.nih.gov/28898390/
https://pubmed.ncbi.nlm.nih.gov/7836636/
https://pubmed.ncbi.nlm.nih.gov/7836636/
https://pubmed.ncbi.nlm.nih.gov/7836636/
https://pubmed.ncbi.nlm.nih.gov/7836636/
https://pubmed.ncbi.nlm.nih.gov/31650434/
https://pubmed.ncbi.nlm.nih.gov/31650434/
https://pubmed.ncbi.nlm.nih.gov/31650434/
https://pubmed.ncbi.nlm.nih.gov/31650434/
https://pubmed.ncbi.nlm.nih.gov/697077/
https://pubmed.ncbi.nlm.nih.gov/697077/
https://pubmed.ncbi.nlm.nih.gov/697077/
https://pubmed.ncbi.nlm.nih.gov/21712864/
https://pubmed.ncbi.nlm.nih.gov/21712864/
https://pubmed.ncbi.nlm.nih.gov/21712864/
https://pubmed.ncbi.nlm.nih.gov/1159263/
https://pubmed.ncbi.nlm.nih.gov/1159263/
https://pubmed.ncbi.nlm.nih.gov/1159263/
https://pubmed.ncbi.nlm.nih.gov/10404935/
https://pubmed.ncbi.nlm.nih.gov/10404935/
https://pubmed.ncbi.nlm.nih.gov/10404935/
https://pubmed.ncbi.nlm.nih.gov/10404935/
https://pubmed.ncbi.nlm.nih.gov/12752847/
https://pubmed.ncbi.nlm.nih.gov/12752847/
https://pubmed.ncbi.nlm.nih.gov/12752847/
https://pubmed.ncbi.nlm.nih.gov/12752847/
https://pubmed.ncbi.nlm.nih.gov/11382797/
https://pubmed.ncbi.nlm.nih.gov/11382797/
https://pubmed.ncbi.nlm.nih.gov/11382797/
https://pubmed.ncbi.nlm.nih.gov/11382797/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8822231/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8822231/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8822231/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8822231/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8822231/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8822231/
https://www.scirp.org/reference/ReferencesPapers?ReferenceID=1239548
https://www.scirp.org/reference/ReferencesPapers?ReferenceID=1239548
https://pubmed.ncbi.nlm.nih.gov/5349366/
https://pubmed.ncbi.nlm.nih.gov/5349366/
https://pubmed.ncbi.nlm.nih.gov/17390935/
https://pubmed.ncbi.nlm.nih.gov/17390935/
https://pubmed.ncbi.nlm.nih.gov/17390935/
https://nursing.ceconnection.com/ovidfiles/00000446-200804000-00023.pdf
https://nursing.ceconnection.com/ovidfiles/00000446-200804000-00023.pdf
https://pubmed.ncbi.nlm.nih.gov/11706769/
https://pubmed.ncbi.nlm.nih.gov/11706769/
https://pubmed.ncbi.nlm.nih.gov/17551881/
https://pubmed.ncbi.nlm.nih.gov/17551881/
https://pubmed.ncbi.nlm.nih.gov/17551881/
https://pubmed.ncbi.nlm.nih.gov/17551881/
https://pubmed.ncbi.nlm.nih.gov/31335550/
https://pubmed.ncbi.nlm.nih.gov/31335550/
https://pubmed.ncbi.nlm.nih.gov/31335550/
https://pubmed.ncbi.nlm.nih.gov/31335550/
https://pubmed.ncbi.nlm.nih.gov/26967259/
https://pubmed.ncbi.nlm.nih.gov/26967259/
https://pubmed.ncbi.nlm.nih.gov/26967259/
https://pubmed.ncbi.nlm.nih.gov/26967259/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8563591/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8563591/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8563591/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8563591/
https://pubmed.ncbi.nlm.nih.gov/24890941/
https://pubmed.ncbi.nlm.nih.gov/24890941/
https://pubmed.ncbi.nlm.nih.gov/24890941/
https://pubmed.ncbi.nlm.nih.gov/24890941/

