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Introduction: Postoperative delirium (POD) is one of the prevalent and potentially fatal clinical conditions, leading to high disability
and mortality in older patients, as well as increased duration of hospital stay and more hospitalization expenses. There were no
effective drugs in the clinical management of POD, and an absence of evidence-based medicine concerning the treatment of POD.
Materials and Methods: The present study explored whether atorvastatin (Ato) can decrease the occurrence rate of POD. The
present research included patients over the age of 60 who were hospitalized to critical care units (ICUs) following surgery for
malignant tumors. Patients received Ato (40mg/day) or placebos utilizing a computer-based random sequencing (in a 1:1 ratio). The
primary outcome measure was the occurrence of delirium within the first seven days following surgery.
Results: A total of 230 individuals were classified into two groups, namely the placebo group (n=123) and the Ato group (n=107).
Patients belonging to two groups had similar baseline clinical data, and there were no statistically significant differences between them.
The occurrence of delirium in the Ato group was remarkably reduced unlike the case in the placebo group. 30-day all-cause mortality
did not vary significantly between the two groups. Pulmonary infection and Bedsore were significantly decreased in the Ato group than
the placebo group, there were no statistically significant differences between the two groups in rhabdomyolysis and abnormal liver
enzymes. In terms of medication responses, there were no statistically significant differences between the two groups. Ato patients had
remarkably shortened hospital stays and spent remarkably less on hospitalization expenditures in comparison with those in the placebo
group.
Conclusion: The findings from the present research indicated that Ato can decrease the occurrence of delirium following surgical
operation of malignant tumors among elderly patients, it also can reduce the duration of hospitalization, hospital cost, and post-surgical
complications, but not improve 30-day all-cause mortality.
Registration Number: ChiCTR-IPR-17011984.
Keywords: atorvastatin, 30-day all-cause mortality, postoperative delirium, RCT, outcome

Introduction
Delirium is a frequent and potentially deadly clinical condition whose characteristics include the presence of transitory
organic mental illness, acute brain malfunction, alterations in cognitive function, and disorientation. It may result in long-
term cognitive damage, a higher rate of disability, and death, as well as the prolonged duration of time spent in hospital
and greater healthcare expenditures.1 Delirium is known to occur in up to 74% of severely sick individuals.2 According
to a recent survey, around 60–80% of elderly persons admitted to the hospital suffered from delirium.3 Delirium is
identified in over 20% of patients admitted to the intensive care unit (ICU).4 In recent times, as the population has aged,
the proportion of elderly patients undergoing surgery has risen, with the prevalence of postoperative delirium (POD) in
this population reaching as high as 46% in one study.5 Every year in the United States, over 2.6 million persons over the
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age of 65 suffer from delirium, resulting in an approximately annual healthcare cost exceeding US$164 billion.
Furthermore, delirium, especially POD, has the potential to elevate the long-term risk of developing dementia or even
death.6 The management of delirium in elderly individuals has evolved into a significant problem during the last two
decades. According to Tmimi7 POD has been recorded in 41% of patients undergoing heart surgery. Korc-Grodzicki8

discovered that delirium developed in 19% of people with cancer, according to his findings. There are currently no
medications available for the management or protection against delirium. Notably, the majority of medications now
available in clinics have no specific impact on delirium, and there is also a scarcity of evidence-based medicine in the
field of delirium therapy.

Statins, which are enzyme antagonists of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase, are
currently frequently applied in the treatment of cardiovascular illnesses as cholesterol-lowering drugs, and they have
been shown to reduce the risk of heart attack and stroke. Several pleiotropic impacts of statins have been demonstrated,
including cerebral vasospasm, oxidative stress, and anti-inflammatory actions, as well as the ability to prevent the
aggregation of platelets.9–11 Our earlier studies also revealed that statins could attenuate brain edema as well as early
brain injury under their neuroprotective properties. Statins also help mitigate cerebral vasospasm and facilitate structure
and function remodeling of vascular endothelium via the mechanism of protecting autoregulation of cerebral vessels.12,13

Page 14 was the first to describe a prospective cohort study of data from sequential ICU patients throughout August 2011
to February 2012. In their study, they recruited 151 patients who were on statins and 319 patients who were not taking
statins. The findings revealed that continuous statin medication in severely sick populations in the United Kingdom
exhibited a more dramatic therapeutic impact on delirium. Nonetheless, according to the results of an extremely
significant and authoritative randomized controlled trial (NCT00979121 and NCT00719446), which included 568
patients (293/275) at 35 hospitals in the United States and demonstrated no merit of rosuvastatin in terms of alleviating
delirium or cognitive disorder in the ICU throughout a 12-month follow-up period.15

Atorvastatin (Ato) was a statin drug that exerted neuroprotection and anti-delirium in previous studies.9,10,16

However, because of the unique nature of patients receiving surgery for treating malignant tumors, the efficacy of Ato
in treating delirium remains unclear. As a consequence, the present research investigated whether Ato therapy may help
to minimize POD and enhance patient outcomes following malignant tumor removal.

Methods
Study Design
A placebo-controlled, parallel-arm, double-blind, randomized, experiment was carried out in Jiangsu from January 2016
to December 2019. A total of 319 senior individuals were evaluated over this period. To determine if the intervention is
superior, the present research was conducted. The Clinical Research Ethics Committees of the Anhui Medical University
Affiliated Wuxi Clinical College and the Wuxi Clinical College endorsed the methodology used in the present research
(2015-YXLL-021), and was in accordance with the Declaration of Helsinki. The protocol for the research was subjected
to the approval granted by the Ethics Committees of all the collaborating centers. Those patients whose competence
could be demonstrated by their comprehensive awareness of time, place, and person, along with their comprehension of
the investigator’s explanation of the trial, or through other means from their next of kin or legally authorized
representatives, were asked to obtain written informed consent for the study. Following malignant tumor surgical
intervention. In addition, patients were allocated at random (1:1) who were administered 40 mg/day of Ato or placebos
for seven days following procedure (Figure 1). Oral administration of ato or placebos was performed for seven days
following malignant tumor resection. The last check-up was performed 30 days following the procedure.

Patients Enrolled in the Study and Sample Selection Procedures
Patients were included in the present research if they were over 60 years of age and underwent malignant tumor surgical
procedures in the ICU. The following were the criteria for inclusion: (1) Over the age of 60; (2) Could be randomly
assigned to receive either Ato or a placebo during seven days after the surgical intervention; and (3) Malignant tumor
excision was performed under general anesthesia and patients were hospitalized to the ICU. The exclusion criteria were
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as follows: (1) Patients who are unlikely to be salvaged upon admission; (2) Hypercholesterolemia in conjunction with
diabetes; (3) Injuries to the brain or neurosurgery; (4) neurological disorders; (5) Patients having a history of mental
health problems or epilepsy; (6) Anomalies of the liver and kidneys; (7) Multiple organ dysfunction; and (8) other
explanations were discovered by researchers.

Randomization and Concealment
With the aid of the SPSS software (version:14.0) (SPSS Institute, Hefei, Anhui Medical University), permuted-block
randomization was carried out based on a computer system that used an allotment list to produce random numbers (in a one-
to-one ratio). This was carried out by a statistician who was not a member of the research team to maintain the integrity and
blinding of the research. The outcomes of the random sampling process were enclosed in prenumbered envelopes and kept at
the location of the research till the study’s conclusion was reached. The patients included in the present research were given
40 mg/day of Ato or placebos randomly for 7 days after undergoing a malignant tumor resection (Figure 1). The study
medicines were delivered by a research nurse following the random assignment sequence. Both the research participants and
the patients were unaware of which medicine was being applied in the trial. In the event of an emergency, such as acute hepatic
failure, two experts might recommend that the treatment allotment be unmasked and that the study medicine be adjusted or
discontinued if required, according to the protocol. All of the occurrences were recorded in detail. Then, we acquired
information on patients’ demographics, medical histories, and pertinent investigation findings.

Outcome Assessment
All clinical and imaging data were subjected to assessment by a masked independent diagnostic and assessment
committee. This committee included two researchers that were trained before the start of the present research and did
not engage in the clinical care of patients. The primary outcome measure was the occurrence of delirium during the first
seven days following surgery. Approximately 24 hours following the surgical procedure, the first signs of POD were
assessed. Subsequently, the condition was assessed twice daily (from 6 to 8 am and from 6 to 8 pm). Delirium was
determined utilizing the Confusion Assessment Method for the Intensive Care Unit (CAM-ICU) and the Confusion
Assessment Method (CAM). A total of four characteristics of delirium were identified by both CAM and CAM-ICU: (1)
Acute commencement of alterations in mental state or a course that fluctuates; (2) Inattentiveness; (3) Incoherent thought
processes; and (4) Consciousness has been altered. Concerning patients with a diagnosis of delirious, they exhibited the
above criteria 1 and 2, as well as 3 or 4. The second set of outcomes comprised all-cause 30-day death.

Safety Evaluation and Postoperative Complications
We kept track of the length of time spent in the intensive care unit, the frequency of non-delirium postoperative
problems, and the costs incurred during hospitalization. The most prevalent adverse effects of Ato include rhabdomyo-
lysis and abnormal liver enzymes, which were also the most severe. Pulmonary infection was confirmed by chest
computed tomography and sputum culture; Bedsore was confirmed by physical examination after two doctors and nurses;

Figure 1 Study design.
Abbreviations: Ao, atorvastatin; CAM, confusion assessment method; CAM-ICU, confusion assessment method for the intensive care unit.
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Rhabdomyolysis was diagnosed by blood biochemistry, muscle enzyme levels detection, and clinical manifestation;
Abnormal liver enzymes was diagnosed by liver-function tests. Finally, we check the related index every two days over
the first 14 days.

Postoperative Hospital Stay and Hospitalization Costs
As previously reported in clinical trials, patients having delirium had remarkably longer post-surgical hospital stays and
higher hospitalization expenses. Thus, the present research examined the difference in the overall duration of hospital
stay and healthcare costs among patients belonging to the two groups.

Statistical Analysis
Data from the baseline as well as outcome assessments were input into the database by a research nurse. The
information was gathered on handwritten forms and stored in a digital database that was password secured. All
continuous data are expressed as the mean ± standard deviation. The analyses of statistical data were performed
using the SPSS software (version: 14.0) (SPSS, Inc., Chicago, USA). For categorical data, Spearman correlations and
independent two-sample t-tests were performed to determine their significance. Comparisons for the categorical data for
the two subgroups were conducted with the aid of Fisher’s exact t-test. Comparisons of the continuous or ordinal data
for the two groups were performed utilizing the Mann–Whitney U-test. P < 0.05 was established as the threshold for
statistical significance.

Results
319 elderly patients were evaluated between January 2016 and December 2019. A sum of 230 participants was given Ato
(n=107) or a placebo (n=123) treatment in a random manner. There were no cases of opening-blindness observed
throughout the research period. Furthermore, no statistically significant differences were discovered in terms of the
baseline data between the two subgroups (Table 1). None of the patients were lost to follow-up throughout the present
research. The eventual intention-to-treat analysis incorporated all of the patients (Figure 2). The concluding appointment
with the last randomly selected patient took place on February 15, 2020.

The Endpoint and Clinical Outcomes
The total incidence of delirium following malignant tumor surgical intervention in older patients was 19.6% (45/230),
according to the findings. At 7 days postoperatively, the delirium incidence was found to be 11.2% (12/107) in the Ato
group and 26.8% (33/123) in the placebo control group. As opposed to the Ato group, the placebo group exhibited
a remarkably greater delirium occurrence rate, with a significant difference (p =0.003). After 30 days, the all-cause
mortality rate in the Ato group was 1.9% (2/107), whereas it was 4.1% (5/123) in the placebo control group, with no
statistically significant difference (p =0.454, Table 2).

Postoperative Complications
There was 29 (23.6%) case occurred pulmonary infection in the control group, while there were 14 (13.1%) cases of
pulmonary infection in the Ato group, which were improved after drug treatment. There was 18 (14.6%) case of bedsore
in the control group, while there were 6 (5.6%) cases of bedsore in the Ato group. The incidence of pulmonary infection
and bedsore in the Ato group was remarkably diminished as opposed to that in the placebo group (p<0.05, Table 3).
Furthermore, no significant difference was identified between the two groups in the possible side effects of Ato induced
rhabdomyolysis (0 vs 2.8%, p=0.099) and abnormal liver enzymes (27.6% vs 38.3%, p=0.085, Table 3). No blind cases
were opened during the treatment period.

Postoperative Hospital Stay and Hospitalization Costs
In the Ato group, the average duration of stay was 16.5 days, whereas the value for the placebo group was 17.7 days,
with a statistically significant difference (p =0.01). The mean hospitalization expenditure of the Ato group was 61,000
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RMB, which was much less as opposed to the placebo control group’s cost of 68,000 RMB, with a statistically significant
difference (p =0.01, Table 4).

Discussion
According to the findings of the current investigation, preventive low-dose Ato oral following surgical procedure may
greatly reduce the occurrence of POD in older patients undergoing malignant tumor surgical intervention. Moreover, it
shortened the duration of hospital stays and the expenditure of hospitalization. In this case, postoperative consequences,
such as liver failure, remained unchanged. However, the abnormal liver enzymes of patients in the Ato treatment group
was elevated in contrast with that in the placebo group, and this should be taken into account because the synergistic
effect after the combined application of antibiotics in some patients may lead to an increase in the proportion of patients
with abnormal liver function.

According to the findings, the total incidence of POD in elderly people with malignant tumors was 19.6%, which was
consistent with earlier reports.7 Crawford17 indicated that the incidence of post-surgical delirium was 7.5% among
patients with head and neck oral cancer. In the adult brain tumor resection, the overall incidence was 14.78%, including
50.76% hyperactive delirium, 41.67% hypoactive delirium, and 7.57% mixed delirium.18 Ishibashi-Kanno19 also reported
that 33.3% of oral tumors after reconstructive surgery. The specific cause of POD in elderly individuals who underwent
surgery for a malignant tumor remained uncertain. The results in our prior literature analyses demonstrated multiple
causes that may lead to POD (Figure 3).13 Previous research has shown that delirium is correlated with increased
mortality, higher rates of disability, prolonged hospitalizations, impaired functional recovery, and long-term cognitive
deterioration in individuals above the age of 70.20 Furthermore, POD may increase the financial burden placed on

Table 1 Demographic and Baseline Characteristics of the Study Population in the Two Groups

Variable Place Group Ato Group P-value

Number of patients 123 107
Age (mean±SD) 68.3±6.0 69.0±6.7 0.388

Gender 0.815

Male 72(58.5%) 61(57.0%)
Female 51(41.5%) 46(43.0%)

Weight 55.4±7.8 54.8±7.6 0.557

Education degree 0.418
Primary school 39(31.7%) 38(35.5%)

Middle school 61(49.6%) 44(41.1%)
University 23(18.7%) 25(23.4%)

History of hypertension 0.963

Yes 59(48.0%) 51(47.7%)
No 64(52.0%) 56(52.3%)

Nicotine use 0.228

Yes 58(47.2%) 42(39.3%)
No 65(52.8%) 65(60.7%)

Operation time (h, mean±SD) 3.3±1.3 3.2±1.3 0.563

Transfusion history 0.195
Yes 48(39.0%) 33(30.1%)

No 75(61.0%) 74(69.9%)

Respirators 0.686
Yes 28(22.8%) 22(20.1%)

No 95(77.2%) 85(79.9%)

Postoperative analgesics 0.256
Yes 89(72.4%) 70(65.4%)

No 34(27.6%) 37(34.6%)
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patients and their families, as well as affect inpatient bed turnover and the length of time spent in the hospital. As a result,
it was critical to reduce the frequency of POD to a great extent. According to recent meta-analyses of the literature that
were founded on multicenter randomized controlled trials, no effective and safe medication can prevent and treat
delirium in severely sick adults.21

In the present study, Ato intervention was used to reduce the incidence rate of POD in older patients with malignant
tumors. There are still many controversies in clinical studies in anti-delirium effection of statin. According to the findings
of an earlier retrospective analysis that included 284,158 consecutive patients over the age of 65 undergoing elective
surgical treatments, the result was the exact opposite of ours that statin administration may increase the risk of POD in
aged patients.22 A systematic review and meta-analysis also showed a disappointing result that statin did not prevent
delirium in n critically ill and cardiac surgery patients.23 Furthermore, statins have been reported to aggravate POD
among elderly patients undergoing elective surgery.22 While, most of these studies were retrospective or small size study,
and their conclusions were not reliable. In contrast, a single-center retrospective study reported that pre-operative statins
treatment may remarkably reduce the incidence of POD in vascular surgery patients, where the specific mechanism may
be associated with inflammation.24 TK25 also reported a similarly results that continuous perioperative statin use may be
decrease the risk of delirium after TKA, simvastatin was the most effective statin for POD prevention. According to
Lee’s26 findings, preoperative statin might remarkably decrease the occurrence of POD in patients undergoing vascular
surgical treatment.

Figure 2 Trial profile.

Table 2 Comparison of Endpoint-Clinical Outcomes Between the Two Groups

Place Group Ato Group P-value

Number of patients 123 107

Delirium 0.003

Yes 45 (26.8%) 12 (11.2%)
No 78 (73.2%) 95 (88.8%)

30-day all-cause mortality 5 (4.1%) 2 (1.9%) 0.454
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The following were some of the study’s limitations: (1)Patients were not called back for study visits for a full
evaluation of their quality of life in the context of activities of daily living (ADL), because the researchers obtained
important baseline and endpoint data. (2)All individuals were evaluated and recruited after being admitted to the
intensive care unit, and there was no baseline delirium evaluation with cognitive function assessment. (3)In the present
research, Ato was administered in a single dosage. It is possible that the standard low dosage might not be effective. (4)
The present research should have examined clinical parameters including pain, the daily incidence of delirium, subjective
sleep quality, and the duration of time spent before extubation.

Figure 3 Etiology of delirium.

Table 4 Comparison of Secondary Endpoint Between the Two Groups

Placebo Ato p value

Number of patients 123 107

Hospital stay (day, mean±SD) 17.7±3.8 16.5±3.2 0.01

Hospitalization costs (CNY, mean±SD) 6.8±2.3 6.1±1.8 0.01

Table 3 Comparison of Postoperative Complications Between the Two Groups

Place Group Ato Group P value

Number of patients 123 107
Pulmonary infection 29(23.6%) 14(13.1%) 0.042

Bedsore 18(14.6%) 6(5.6%) 0.026

Rhabdomyolysis 0(0%) 3(2.8%) 0.099
Abnormal liver enzymes 34(27.6%) 41(38.3%) 0.085
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Conclusion
The findings of the present research suggest that Ato treatment may help to minimize the risk of POD following malignant
tumor resection surgery. Furthermore, it resulted in a considerable reduction in hospitalization expenditures as well as
hospitalization duration. It is still controversial if the good benefits given by this innovative application of Ato will lead to
better long-term results for the participants. To completely grasp the prospective application of Ato in postoperative patients,
more research with individuals who have had previous procedures and received varied dosages is required.
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