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Objective: To investigate the correlation between preoperative use of ACEIs/ARBs and postoperative delirium (POD) in surgical patients with pulmonary arterial hypertension (PAH).

Methods: The present study is a secondary analysis of a retrospective cohort study conducted at the University of Washington Medical Center from April 2007 to September 2013. Patients with PAH who underwent non-cardiac, non-obstetric surgery were enrolled in the original research. We further excluded stroke, sepsis, and craniotomy patients from interfering with POD evaluation. The univariate regression analysis and multivariate-adjusted model were used to explore the influence of preoperative ACEIs/ARBs use on the occurrence of POD.

Results: A total of 539 patients were included in this study. The incidence of POD in these patients was 3.0%. Following the adjustment of potential confounders (age, BMI, smoking status, pulmonary arterial systolic pressure, length of surgery, vascular surgery, asthma, obstructive sleep apnea, renal failure, atrial fibrillation, coronary artery disease, hydrochlorothiazide, alpha-blocker, calcium channel blocker, antiplatelet, steroids, statin, isoflurane), a negative relationship was found between preoperative use of ACEIs/ARBs and occurrence of POD (OR = 0.15, 95%CI: 0.03 to 0.80, P = 0.0266).

Conclusion: Preoperative use of ACEIs/ARBs in patients with PAH reduces the risk of POD. ACEIs/ARBs may be more recommended for patients with PAH in the future.
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INTRODUCTION

Postoperative delirium (POD) is a clinical syndrome characterized by acute and fluctuating consciousness, attention, and cognition alterations after surgery (1). It is the most common neurological complication after surgery, with incidences varying between 10 and 45% (1, 2). In addition, it is associated with increased morbidity and mortality (3). Previous studies reported that patients with cognitive impairment before surgery were at higher risk of POD (4). At the same time, some drugs that can delay cognitive decline also have POD-preventing properties, such as non-steroidal anti-inflammatory drugs (5, 6).

Renin-angiotensin system (RAS) inhibitors are widely used for the management of hypertension, which includes angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers (ARBs). Except for anti-hypertension, ACEIs and ARBs show a beneficial effect in slowing the cognitive impairment associated with Alzheimer's disease (7). In addition, it was reported that the patients who received ACEIs/ARBs during the postoperative intensive care unit had a lower risk of POD (8). However, we do not know whether preoperative use of ACEIs/ARBs benefits POD prevention.

The current study performed a secondary analysis of published data. In the original article, Shah et al. studied postoperative outcomes in patients with pulmonary arterial hypertension (PAH) (9). The population with PAH may be particularly at risk to POD since many factors that lead to PAH are risk factors for POD, such as smoking, COPD, valvular disease, and pulmonary circulation disorders (10–12). Interestingly, the original data contains valuable information about ACEIs/ARBs medication and POD. Using the original data, we aim to explore the correlation between preoperative use of ACEIs/ARBs and POD in surgical patients with PAH. We hypothesize that PAH patients who take ACEIs/ARBs preoperatively have a lower risk of POD.



METHODS


Study Design

The original research was a retrospective cohort study approved by the Institutional Review Board of the University of Washington after waiving the requirement for informed consent (9). The current work is a secondary analysis of the original data. All the studies described in the paper were in line with the Declaration of Helsinki promulgated by the National Institute of Health.



Inclusion and Exclusion Criteria

Shah et al. performed the original study. Briefly, they initially reviewed 1,922 adult patients with PAH (diagnosed from previous cardiac catheterization or echocardiography) who received general anesthesia for elective surgery from April 2007 to September 2013. The inclusion criteria must also meet: (1) The cardiac catheterization or echocardiography examination data must be obtained within 1 year before the operation; (2) The elective surgery must be non-cardiac surgery and non-obstetric surgery (9). On this basis, the present study further excluded stroke, sepsis, and craniotomy patients to not interfere with POD evaluation. Finally, 539 patients were included in this study.



Measurements of Covariates and Outcome

The measurements of the covariates and outcomes were described in detail in the original. Briefly, preoperative covariates included baseline demographics (age, sex, body mass index (BMI), ASA classification, functional status, smoking status), comorbid illnesses (angina, renal failure, diabetes, obstructive sleep apnea, asthma, coronary artery disease, arrhythmia, PAH), preoperative medication (statin, steroids, antiplatelet, anticoagulant, anti-hypertension drugs). This preoperative information was acquired from the record of the pre-anesthesia clinic. Since the study population was the patients with PAH, we obtained some indicators related to PAH in cardiac catheterization or echocardiogram examinations from the database. The intraoperative factors included surgery-related factors (length of surgery, open surgical approach, intraabdominal surgery, intrathoracic surgery, vascular surgery), and intraoperative medication (inhalational anesthetic agents, atropine). The intraoperative factors were acquired from the intraoperative anesthesia record.

The primary outcome is the occurrence of POD. The gold standard for diagnosing POD is the Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM5) (13). However, no information was available in the original database on which tools were used to assess POD. A diagnosis of delirium may be made by a psychiatrist or other doctor.



Statistical Analysis

The measurement data were expressed as the mean (standard deviation) when it was normally distributed and was described as the median (interquartile range) when it was non-normally distributed. They were processed by one-way ANOVA or Kruskal Wallis H test determined by whether they were normally distributed. The counting data were expressed as percentage or frequency, processed by chi-square test. The univariate regression model examined the correlation between each covariate and POD. Both non-adjusted and multiple-adjusted models were included in the multiple regression models. The results of unadjusted, minimally adjusted, and fully adjusted analyses were simultaneously exhibited. In the minimally adjusted model, we only adjusted for age and sex. In the fully adjusted model, we considered the covariates that might have interfered with the results based on previous literature, which included demographics (age, sex, BMI, ASA, functional status (metabolic equivalent, MET), smoking status), preoperative comorbid illness (angina, renal failure, diabetes, obstructive sleep apnea, asthma, coronary artery disease, PAH severity), arrhythmia (atrial fibrillation, atrial flutter, ventricular fibrillation, ventricular tachycardia, supraventricular tachycardia, bradycardia, heart block, premature atrial contraction, premature ventricular contraction), cardiac catheterization or echocardiogram results (right atrial systolic pressure, pulmonary arterial systolic pressure, tricuspid regurgitant velocity), preoperative medication (statin, steroids, antiplatelet, anticoagulant, hydrochlorothiazide, calcium channel blocker, beta-blocker, alpha-blocker), surgery-related factors (length of surgery, open surgical approach, intraabdominal surgery, intrathoracic surgery, vascular surgery), and intraoperative medication (sevoflurane, isoflurane, atropine). We further selected the covariates in the fully-adjusted model by the following principle: the model changed the matched odds ratio by at least 10% when adding this covariate to the model (14). According to this principle, the fully-adjusted multivariate model was adjusted for the following variables: age, BMI, smoking status, pulmonary arterial systolic pressure, length of surgery, vascular surgery, asthma, obstructive sleep apnea, renal failure, atrial fibrillation, coronary artery disease, hydrochlorothiazide, alpha-blocker, calcium channel blocker, antiplatelet, steroids, statin, and isoflurane. The R (http://www.R-project.org, The R Foundation) and EmpowerStats (http://www.empowerstats.com, X&Y Solutions, Inc., Boston, MA) statistical software was applied for data processing. P < 0.05 (two-sided) was considered statistically significant.




RESULTS


Patient Characteristics

A total of 539 patients were included in this analysis. Baseline characteristics are listed in Table 1. 291 patients never used ACEIs or ARBs drugs, and 248 ACEIs/ARBs ever-users. The patients who never used ACEIs/ARBs were younger than the ACEIs/ARBs ever-users. The sex constituent ratios differ between the two groups. In the ACEIs/ARBs group, the proportion of males is lower. As for comorbidities, coronary artery disease and arrhythmia significantly differed between the two groups. On medication, compared with ACEIs/ARBs never-users, more ACEIs/ARBs users had taken hydrochlorothiazide, calcium channel blockers, beta-blockers, statin, and anticoagulant drugs, less ACEIs/ARBs users had taken steroids. POD occurred in 16 (3.0%) of patients. The incidence of ACEIs/ARBs users was 1.61%, while the incidence of never-users was 4.12%.


Table 1. Baseline characteristics.
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Univariate Analysis

The outcomes of univariate regression analysis are summarized in Supplementary Table 1. Older age (OR = 1.06, 95%CI: 1.01 to 1.11, P = 0.0128) and intrathoracic surgery (OR = 7.25, 95%CI: 2.17 to 24.21, P = 0.0013) were positively correlated with the occurrence of POD.



The Relationship Between ACEIs/ARBs and POD

The following analysis explores the relationship between ACEIs/ARBs use and POD in multiple regression models. Results of the unadjusted and adjusted models are presented in Table 2. In the unadjusted model, the correlation of ACEIs/ARBs medication history with POD was insignificant (OR = 0.38, 95%CI: 0.12–1.20, P = 0.0985). This correlation approached but was insignificant in the minimally adjusted model (OR = 0.34, 95%CI: 0.10–1.10, P = 0.0718). However, following the adjustment of potential confounders (age, BMI, smoking status, pulmonary arterial systolic pressure, length of surgery, vascular surgery, asthma, obstructive sleep apnea, renal failure, atrial fibrillation, coronary artery disease, hydrochlorothiazide, alpha-blocker, calcium channel blocker, antiplatelet, steroids, statin, isoflurane), the fully adjusted model showed a significant negative correlation between ACEIs/ARBs use and POD (OR = 0.15, 95%CI: 0.03–0.80, P = 0.0266).


Table 2. Relationship between preoperative ACEIs/ARBs use and POD.
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DISCUSSION

The present study examined the relationship between preoperative use of ACEIs/ARBs and POD in PAH patients. As is shown in the fully adjusted model, patients with PAH who use ACEIs/ARBs before surgery have a lower risk of POD.

A previous study showed that postoperative use of ACEIs/ARBs during intensive care was associated with lower POD odds. Furthermore, preoperative use of ACEIs/ARBs was not associated with reduced risk in that study (8). However, most formulations were relatively short-acting in that research since ACEIs/ARBs were held the morning of surgery, which may be why there was no significant difference in POD between the preoperative ACEIs/ARBs group and non-ACEIs/ARBs group (8). In addition, that study focused on patients admitted to ICU after surgery, while ICU delirium may be different from non-ICU delirium. The current study is the first to investigate the influence of preoperative ACEIs/ARBs uses on POD occurrence to the best of our knowledge.

The view of brain functional reserve can explain the protective effect of preoperative use of ACEIs/ARBs against POD. Decreased brain functional reserve is associated with the occurrence of POD (15). Thus, improving preoperative cognitive function may also have a role in preventing POD (16). Angiotensinogen in the brain, which is synthesized by the astrocytes, impairs cognitive function by increasing Aβ production, oxidative stress, inflammatory processes, and reducing acetylcholine release through AT1 receptors (7). ACEIs, e.g., perindopril, could attenuate LPS-induced cognitive impairment by suppressing oxidative stress and RAGE activation (17). Other research demonstrated that amyloidogenic processing of the amyloid precursor protein could be reduced by ACEIs treatment (18). Similar to ACEIs, ARBs have been shown to reduce cognitive deterioration by attenuating oligomerization of Aβ peptides into high molecular weight oligomeric peptides (19). Furthermore, ARBs have a protective effect on the blood-brain barrier (20). These studies indicated that ACEIs/ARBs could improve cognitive function, thereby increasing the functional reserve of the brain before surgery. These may be the possible mechanisms by which preoperative use of ACEIs/ARBs reduce POD.

This study obtained two variables associated with POD occurrence on univariate analysis. However, we are not limited to adjusting for these two variables in the fully adjusted model. In logistic regression models, OR values but not P values are often used to accurately represent statistical associations between risk factors and outcomes (21). In order not to omit factors that may confound the effect, we included variables that may affect POD from the original data based on previous literature and clinical experience. We screened the covariates according to the change in OR values when the variable was added and finally included covariates shown in Table 2.

Our study has some limitations. First, tools for diagnosing POD cannot be identified due to the limitations of the original database. Second, our findings are based on data from a retrospective observational study, which are inevitably prone to bias and confounders. Therefore, we used strict statistical adjustments to minimize residual confounding. Third, since the survey only includes Americans with PAH, it may not be generalized to people in other countries and patients without PAH. Finally, due to the limitations of the original data, certain pertinent variables could not be included in the analysis, such as midazolam, ketamine, dexmedetomidine, and preoperative cognitive status.

Collectively, preoperative use of ACEIs/ARBs in patients with PAH reduces the risk of POD. ACEIs/ARBs may be more recommended for patients with PAH in the future.
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