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Abstract

:

Background and Objectives: The incidence of postoperative delirium (POD) in patients with chronic obstructive pulmonary disease (COPD) is unclear. It seems that postoperative respiratory problems that may occur in COPD patients, including prolonged mechanical ventilation or respiratory-tract infections, may contribute to the development of delirium. The aim of the study was to identify a relationship between COPD and the occurrence of delirium after cardiac surgery and the impact of these combined disorders on postoperative mortality. Materials and Methods: We performed an analysis of data collected from 4151 patients undergoing isolated coronary artery bypass grafting (CABG) in a tertiary cardiac-surgery center between 2012 and 2018. We included patients with a clinical diagnosis of COPD according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria. The primary endpoint was postoperative delirium; Confusion Assessment Method in the Intensive Care Unit (CAM-ICU) was used for delirium assessment. Results: Final analysis included 283 patients with COPD, out of which 65 (22.97%) were diagnosed with POD. Delirious COPD patients had longer intubation time (p = 0.007), more often required reintubation (p = 0.019), had significantly higher levels of C-reactive protein (CRP) three days after surgery (p = 0.009) and were more often diagnosed with pneumonia (p < 0.001). The CRP rise on day three correlated positively with the occurrence of postoperative pneumonia (r = 0.335, p = 0.005). The probability of survival after CABG was significantly lower in COPD patients with delirium (p < 0.001). Conclusions: The results of this study confirmed the relationship between chronic obstructive pulmonary disease and the incidence of delirium after cardiac surgery. The probability of survival in COPD patients undergoing CABG who developed postoperative delirium was significantly decreased.
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1. Introduction


Coronary artery bypass grafting (CABG) is one of the most frequently performed heart operations worldwide. In 2016, 54% of all heart surgeries recorded in The Society of Thoracic Surgeons database were isolated CABG procedures, and CABG combined with valve replacements comprised an additional 8% [1]. In addition to coronary artery disease, patients undergoing these procedures also have a number of age-related associated illnesses, such as hypertension, diabetes, atrial fibrillation and obstructive pulmonary disease [2,3]. The postoperative outcome after CABG relates to this multimorbidity and may be associated with many complications, including respiratory failure, stroke, postoperative delirium (POD) or acute kidney injury.



Chronic obstructive pulmonary disease (COPD) is estimated to be the third-leading cause of death in the world [4]. Depending on the population, its incidence ranges between 8% and 20% [5]. COPD is characterized by chronic inflammation of the respiratory tract with an irreversible restriction of the airway lumen [6]. The main cause of COPD is smoking [7]. It has been proven that COPD is associated with the presence of cardiovascular disease [8]. COPD is triggered by persistent inflammation causing remodeling of the airways. Excessive activation of inflammatory cells affects the whole body, not only the lung tissue, and also contributes to the formation of atherosclerosis, which leads to irreversible changes in the arterial vessels, including those of the heart and the brain [8].



One of the common neurological complications of cardiac surgery is postoperative delirium. According to the American Psychiatric Association (APA), delirium is defined as a disturbance of consciousness, with reduced clarity of awareness of the environment and reduced ability to focus, sustain or shift attention [9]. This acute pathology of the central nervous system is often reversible and may be associated with a worse postoperative condition of the patient after cardiac surgery [10,11]. Postoperative delirium is associated with increased mortality but also extends the duration of hospitalization and intensive-care-unit (ICU) stay [12]. It also increases the risk of developing postoperative cognitive disorders [13,14,15].



Although ICU delirium is a serious diagnostic and therapeutic problem with an estimated frequency between 60% and 80% in mechanically ventilated patients [15], it is often underdiagnosed [16]. The attention of many scientists is focused on searching for factors related to the appearance of POD, which could potentially improve the prognosis of patients after major cardiac surgery. In the search for answers, it is worth focusing on the pathophysiology of the delirium formation process. It is suggested that the neuroinflammation affecting the nervous system and glial-cell activation plays a major role. There are many factors associated with it. CABG operations usually take place using cardiopulmonary bypass (CPB), which activates inflammatory mediators, affecting microglial cells in the central nervous system and triggering delirium [17,18]. Among the previously proven risk factors for delirium are old age, type of surgery, history of psychiatric disorders, renal failure, postoperative atrial fibrillation, time of mechanical ventilation, blood transfusion, cardiovascular disease, metabolic disorders and blood oxygenation during and after surgery [19]. Another problem specifically relevant in patients with COPD may be related to inadequate tissue oxygenation but also to the need for prolonged intubation, mechanical ventilation and, thus, sedation or postoperative respiratory infections [4,20].



To date, no previous analysis has been conducted to specifically determine the incidence of postoperative delirium in COPD patients. It seems that postoperative respiratory disorders that occur in COPD patients may contribute to the worsening of the mental condition. Moreover, respiratory failure in COPD patients has been shown to intensify myocardial incidents in the form of infarction and contribute to increased mortality [21].



The aim of the study was to identify the relationship between preoperative chronic obstructive pulmonary disease and the occurrence of postoperative delirium in patients undergoing cardiac surgery and the impact of these disorders combined on postoperative mortality.




2. Materials and Methods


2.1. Study Population


A retrospective cohort analysis of prospectively collected data was carried out and included 4151 patients that were qualified for an isolated coronary artery bypass grafting procedure using CPB at the Department of Cardiac Surgery at Pomeranian Medical University in Szczecin, Poland (a tertiary cardiac surgery center) between 1 January 2012 and 31 December 2018.



The whole collected cohort consisted of 6998 patients undergoing cardiac surgery at our department during that time. Subsequently, we included only patients undergoing isolated coronary artery bypass grafting (n = 4151). The patients were divided into two groups depending on the presence or absence of COPD diagnosis. The group with COPD was additionally divided into two subgroups: patients with (n = 65) or without (n = 218) an incidence of postoperative delirium (Figure 1).




2.2. Data Collection


We reviewed the medical documentation for demographic data (age, sex, body mass index (BMI) and smoking) and preoperative data (Canadian Cardiovascular Society (CCS) score, New York Heart Association (NYHA) score, ejection fraction and laboratory testing). We used the EuroScore Logistics 2 scale to calculate the perioperative risk for each patient [22]. We also collected patients’ history before admission, which included standard data: stroke, transient ischemic attack (TIA), epilepsy, chronic renal failure, internal carotid artery, glucose intolerance, diabetes, arterial hypertension, thyroid disease, acute myocardial infarction, atrial fibrillation, hyperlipidemia and peripheral vascular disease. Moreover, we collected information regarding the intraoperative and postoperative period, which included standard laboratory data, cardiopulmonary bypass time, aortic cross-clamping time, reperfusion time, the use of hemofiltration, number of coronary grafts, endotracheal intubation time, reintubation incidence and time and time of death after surgery. Patients with a clinical diagnosis of COPD according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria stages I to IV were included in the analysis [23]. The primary endpoint was the presence of postoperative delirium. All patients were screened for the presence of delirium twice a day using the Confusion Assessment Method in the Intensive Care Unit (CAM-ICU) tool as per study protocol, but the final diagnosis was made according to the DSM V criteria [9].




2.3. Ethical Statement


Due to the retrospective nature of the study, it received a waiver from the Bioethical Committee of the Pomeranian Medical University in Szczecin, Poland (decision no. KB-0012/277/10/18). The study was performed in accordance with the Declaration of Helsinki. Before the intervention, all participants signed written informed consent as part of routine preoperative document workup and were notified that they could withdraw their consent from the trial at any point without any consequences. The documents included consent for data collection and medical-record review. All data were dehumanified to ensured confidentiality and anonymity of the patients.




2.4. Statistical Analysis


Data analysis was performed using Statistica 13 licensed software (StatSoft, Inc., Tulsa, OK, USA). To characterize the study population, we used descriptive statistics. All the continuous-variable data are presented as the mean and standard deviation (SD); categorical variables are presented as proportions. The chi-square test or chi-square test with Yates’s correction was used to compare qualitative data between the two groups of patients. The normality of the data distribution was checked using the Shapiro–Wilk test. Differences in continuous variables between groups were tested using Mann–Whitney U tests. We performed a univariate logistic regression analysis for patients with COPD. Kaplan–Meier analysis calculated the probability of survival. Statistical significance was accepted at p < 0.05 for all comparisons.





3. Results


3.1. Relationship between COPD and Delirium


Postoperative delirium was analyzed depending on the incidence of COPD among all 4151 patients who underwent coronary artery bypass surgery. Delirium was observed in 65 patients (22.97%) with COPD (p = 0.015), the data is visible in Table 1.



Logistic regression was performed to confirm the analysis, and it showed a significant increase in the incidence of delirium in COPD patients (OR = 1.428, Cl = 1.07–1.91, p = 0.016).




3.2. Clinical Characteristics of Patients with COPD


The final analysis included 283 patients with diagnosed COPD. The analysis of demographic data found no significant differences between the groups. The only significant difference was a higher EuroScore Logistics 2 score in delirious patients (p = 0.041). Demographic data and clinical characteristics are shown in Table 2.



The analysis of intraoperative and postoperative data showed differences between patients with and without delirium (Table 3). Delirious COPD patients had longer intubation time (p = 0.007), more often required reintubation (p = 0.019), had significantly higher levels of C-reactive protein (CRP) three days after surgery (p = 0.009) and were more often diagnosed with pneumonia (p < 0.001). The CRP rise on day three correlated positively with the occurrence of postoperative pneumonia, r = 0.335, p = 0.005. In this group, more hospital deaths occurred (p = 0.009).




3.3. Survival Analysis


The Kaplan–Meier curve is visible in Figure 2 and shows that the probability of survival after CABG was significantly lower in COPD patients with delirium (p < 0.001).





4. Discussion


In the current study, we performed an analysis of a large homogenous cohort of patients undergoing an isolated coronary artery bypass grafting procedure and found that patients who were diagnosed with COPD before surgery were more likely to have delirium after surgery. The results of this study confirmed the relationship between preoperative chronic obstructive pulmonary disease and the incidence of delirium after surgery. The probability of survival in patients with COPD and delirium was significantly decreased.



Studies have shown that COPD alone is an independent predictor of hospital mortality in patients after CABG [24,25,26,27,28,29]. Huang et al. showed that this group of patients had an increased perioperative risk and mortality, regardless of the performed coronary intervention of percutaneous coronary intervention (PCI) or CABG [24]. Many studies describe an increased surgical risk in patients with obstructive pulmonary lesions, particularly among patients undergoing cardiac surgery. Obstructive pulmonary changes confirmed by spirometry are described as a factor predicting the patient’s prolonged stay in the hospital and increased mortality [30,31,32]. The authors suggest that the results of spirometry analysis should be included in the stratification of perioperative risk for patients undergoing CABG.



The occurrence of postoperative delirium is a significant problem in postoperative care. It is estimated that after cardiac surgery, the incidence is between 16% and 73%. However, it is often not recognized by medical personnel [16,33]. The occurrence of delirium is influenced by many factors that can be divided into preoperative, perioperative and postoperative. Preoperative risk factors of POD include patient age and comorbidities such as diabetes, atherosclerosis, myocardial infarction and water and electrolyte disturbances [15,33]. In our research, we collected data regarding a homogeneous group of patients in terms of demographic and preoperative data and regarding comorbidities; the only difference was the EuroScore Logistics scale, which includes chronic lung disease in the risk assessment. The obtained results showed a statistically significant relationship between the occurrence of POD and COPD. Despite the lack of large analyses regarding this issue, available literature may confirm this relationship. In a retrospective study conducted by Cui et al., COPD was an independent risk factor for delirium among patients undergoing spine surgery [34]. Other studies assessing the condition of ICU patients have indicated that COPD is an independent risk factor for delirium (OR = 3.5, p = 0.005) [35]. Austin et al. showed a relationship between the onset of stroke and systemic inflammation and oxidative stress in COPD [36]. Lahousse et al. explored the topic and showed a relationship between the occurrence of COPD and cerebrovascular disease, including cognitive impairment, but without specifying delirium [37].



In the pathogenesis of delirium and other neurological consequences of cardiac and vascular surgery, many factors can be distinguished, including systemic inflammation and blood-oxygenation disorders [18,38,39]. Both of these factors occur in COPD patients, which may contribute to an increased incidence of delirium in this population. Gosselt et al. performed a large mega-analysis assessing risk factors for delirium in the postoperative period after heart surgery, listing factors such as age, preadmission mental state, cerebrovascular disease and postoperative blood-oxygenation disorders [40]; however, no significance was shown regarding COPD patients.



It is worth mentioning that the use of cardiopulmonary bypass (CPB) may be associated with an increased risk of postoperative delirium in cardiac surgery. CPB activates inflammatory mediators that affect microglial cells in the central nervous system, thus triggering delirium [17,18]. It has been shown that in operations using CPB, there is an increased level of biomarkers of neuronal damage, such as tau protein and neurofilament light protein. This has correlated positively with the occurrence of postoperative delirium [41,42].



The occurrence of a delirium episode has its distant complications. One such complication is increased mortality. Reduced long-term survival can be seen in COPD patients who have delirium. This observation is consistent with the data available in the literature. Gottesman et al. conducted an analysis of their patients undergoing CABG surgery and observed that a delirium episode may involve an increased hazard of death (HR = 1.65) up to 10 years after surgery [43]. Therefore, it is critical to follow international guidelines to limit the occurrence of delirium, including the use of the ABCDEF bundle (A—Assess, Prevent and Manage Pain; B—Both Spontaneous Awakening Trials (SAT) and Spontaneous Breathing Trials (SBT); C—Choice of Analgesia and Sedation; D—Delirium: Assess, Prevent and Manage; E—Early Mobility and Exercise; F—Family Engagement and Empowerment) [41]. Nonpharmacological interventions included in the ABCDEF bundle are the mainstay of effective delirium prophylaxis and treatment. Those activities focus on adequate pain monitoring and treatment, minimization of sedation and mechanical ventilation, monitoring and treatment of delirium, early introduction of physiotherapy and involvement of family in patient care [44,45,46]. Further studies are necessary to evaluate the effects of pre-rehabilitation and early postoperative physiotherapy on the incidence of postoperative delirium in COPD patients.




5. Limitations


One of the main limitations of our study is its single-center character, so the results relate only to patients from a given region. Another limitation of the study is the lack of spirometry-test results. The addition of spirometry would allow for stratifying delirium according to COPD severity.




6. Conclusions


The results of this study confirmed the relationship between chronic obstructive pulmonary disease and the incidence of delirium after coronary artery bypass surgery. The probability of survival in COPD patients with delirium was significantly decreased.
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Figure 1. Study flowchart. Legend: CABG—Coronary artery bypass grafting; COPD—chronic obstructive pulmonary disease. 
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Figure 2. Kaplan–Meier curve showing probability of survival of COPD patients depending on the presence of postoperative delirium. 
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Table 1. Assessment of the occurrence of delirium in patients diagnosed with chronic obstructive pulmonary disease (COPD) and without COPD.
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No COPD (n = 3868)

	
COPD (n = 283)

	
p-Value




	
n

	
%

	
n

	
%






	
No Delirium

	
3199

	
82.73%

	
218

	
77.03%

	
0.015




	
Delirium

	
668

	
17.27%

	
65

	
22.97%
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Table 2. Demographic and preoperative data characteristics for COPD patients with and without delirium.
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Variables

	
COPD Patients (n = 283)




	
No Delirium (n = 218)

	
Delirium (n = 65)

	
p






	
Demographic data




	
Age (years), Me (Q1–Q3)

	
66.0 (62.0–72.0)

	
68.0 (63.0–73.0)

	
0.335




	
Female, n (%)

	
54 (24.77)

	
23 (35.38)

	
0.091




	
BMI (kg/m2), Me (Q1–Q3)

	
29.3 (26.2–32.4)

	
29.4 (25.3–31.9)

	
0.957




	
Smoking, n (%)

	
never smoked

	
44 (20.28)

	
8 (12.31)

	
0.149




	
ex–smoker

	
141 (64.98)

	
42 (64.62)




	
current smoker

	
32 (14.75)

	
15 (23.08)




	
Smoking (years), Me (Q1–Q3)

	
40.0(30.0–45.0)

	
40.0 (30.0–50.0)

	
0.368




	
Preoperative data




	
EuroScore Logistic II (%), Me (Q1–Q3)

	
2.2 (1.3–3.5)

	
2.7 (1.6–3.9)

	
0.041




	
scale CCS, Me (Q1–Q3)

	
3.0 (3.0–4.0)

	
3.0 (2.0–3.0)

	
0.081




	
scale NYHA, Me (Q1–Q3)

	
2.0 (2.0–3.0)

	
2.0 (2.0–3.0)

	
0.522




	
Ejection Fraction (%), Me (Q1–Q3)

	
50.0 (40.0–55.0)

	
45.0 (35.0–50.0)

	
0.079




	
CKMB (µg/L), Me (Q1–Q3)

	
21.0 (18.0–26.5)

	
22.00 (18.0–27.0)

	
0.921




	
CRP (mg/L), Me (Q1–Q3)

	
2.8 (1.0–5.7)

	
2.2 (1.2–4.5)

	
0.649




	
Glycated hemoglobin (%), Me (Q1–Q3)

	
5.8 (5.5–6.3)

	
5.9 (5.6–6.6)

	
0.199




	
Creatinine (mg/dL), Me (Q1–Q3)

	
0.9 (0.8–1.1)

	
0.9 (0.8–1.1)

	
0.743




	
GFR (mL/min/1.73 m2), Me (Q1–Q3)

	
80.0 (63.0–92.0)

	
76.0 (62.0–91.0)

	
0.569




	
Co-morbidities




	
Stroke, n (%)

	
9 (4.13)

	
1 (1.54)

	
0.321




	
TIA/RIND, n (%)

	
4 (1.83)

	
2 (3.08)

	
0.542




	
CCS IV, n (%)

	
59 (27.06)

	
12 (18.46)

	
0.160




	
NYHA III and IV, n (%)

	
30 (13.76)

	
9 (13.85)

	
0.851




	
ICA stenosis, n (%)

	
11 (5.05)

	
5 (7.69)

	
0.614




	
Chronic Renal Failure, n (%)

	
11 (7.59)

	
8 (17.02)

	
0.109




	
Glucose intolerance, n (%)

	
6 (2.75)

	
2 (3.08)

	
0.774




	
Diabetes, n (%)

	
74 (33.94)

	
30 (46.15)

	
0.077




	
Arterial hypertension, n (%)

	
169 (77.52)

	
53 (81.54)

	
0.489




	
Thyroid disease, n (%)

	
17 (7.80)

	
8 (12.31)

	
0.381




	
AF paroxysmal, n (%)

	
27 (12.39)

	
5 (7.69)

	
0.409




	
AF persistent or permanent, n (%)

	
9 (4.13)

	
1 (1.54)

	
0.542




	
Hyperlipidemia, n (%)

	
73 (33.49)

	
26 (40.00)

	
0.334




	
Peripheral vascular disease, n (%)

	
69 (31.65)

	
22 (33.85)

	
0.739








Abbreviations: COPD—chronic obstructive pulmonary disease; BMI—body mass index (kg/m2); NYHA—New York Heart Association; CCS—Canadian Cardiovascular Society; CKMB—creatine kinase myocardial band; CRP—C-reactive protein; TIA—transient ischemic attack; EPI—epilepsy; ICA—internal carotid artery; AF—atrial fibrillation; HbA1c—glycated hemoglobin; GFR—glomerular-filtration rate; n—number of patients; Me—median; Q1—first quartile; Q3—third quartile; p—statistical significance.
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Table 3. Baseline intraoperative and postoperative data for COPD patients with and without delirium.
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Variables

	
COPD Patients (n = 283)




	
No Delirium (n = 218)

	
Delirium (n = 65)

	
p






	
Intraoperative data




	
CPB time (min), Me (Q1–Q3)

	
50.0 (42.0–60.0)

	
52.0 (45.0–66.0)

	
0.198




	
Aortic cross-clamping time, Me (Q1–Q3)

	
30.0 (24.0–36.0)

	
30.0 (26.0–37.5)

	
0.394




	
Number of grafts, Me (Q1–Q3)

	
3.0 (2.0–4.0)

	
3.00 (2.0–3.0)

	
0.553




	
Hemofiltration on CPB, n (%)

	
37 (16.97)

	
18 (27.69)

	
0.055




	
Hemofiltration (mL), Me (Q1–Q3)

	
1500.0 (1300.0–1800.0)

	
1850.0 (1500.0–2000.0)

	
0.123




	
Intubation time (min), Me (Q1–Q3)

	
645.0 (490.0–850.0)

	
775.0 (585.0–1050.0)

	
0.007




	
Re-intubation, n (%)

	
10 (4.59)

	
9 (13.85)

	
0.019




	
Re-intubation time (min), Me (Q1–Q3)

	
49.0 (5.0–60.0)

	
88.00 (36.0–100.0)

	
0.307




	
Postoperative data




	
CKMB (µg/L), Me (Q1–Q3)

	
42.0 (34.0–57.0)

	
48.0 (36.0–100.0)

	
0.053




	
Max CKMB > 120

	
4 (1.83)

	
3 (4.62)

	
0.205




	
Acute myocardial infarction, n (%)

	
4 (1.83)

	
2 (3.08)

	
0.542




	
Low Output syndrome

	
4 (1.83)

	
3 (4.62)

	
0.205




	
Intensive Care Unit length of stay (days), Me (Q1–Q3)

	
2.0 (2.0–2.0)

	
2.0 (2.0–2.0)

	
0.946




	
Hemofiltration in the ICU, n (%)

	
19 (8.72)

	
9 (13.85)

	
0.221




	
RBC (units), Me (Q1–Q3)

	
2.0 (2.0–2.0)

	
2.0 (2.0–4.0)

	
0.094




	
RBC (n, %)

	
70 (32.11)

	
33 (50.77)

	
0.006




	
Plasma (units), Me (Q1–Q3)

	
3.0 (3.0–3.0)

	
3.0 (3.0–3.0)

	
0.845




	
Plasma (n, %)

	
35 (16.06)

	
12 (18.46)

	
0.647




	
PLR (mL), Me (Q1–Q3)

	
300.0 (250.0–500.0)

	
300.0 (250.0–600.0)

	
0.869




	
PLR (n, %)

	
42 (19.27)

	
16 (24.62)

	
0.446




	
Drainage (mL), Me (Q1–Q3)

	
400.0 (262.5–540.0)

	
420.0 (285.0–625.0)

	
0.426




	
CRP after surgery (mg/L), Me (Q1–Q3)

	
Day 1

	
74.2 (44.1–94.6)

	
67.0 (51.1–72.0)

	
0.497




	
Day 2

	
242.0 (166.0–305.0)

	
254.0 (219.0–288.0)

	
0.538




	
Day 3

	
141.5 (94.5–235.5)

	
226.5 (212.5–278.0)

	
0.009




	
Day 4

	
111.0 (66.0–158.0)

	
156.0 (88.0–180.0)

	
0.102




	
Day 5

	
106.0 (85.5–122.0)

	
120.0 (82.5–176.5)

	
0.431




	
Highest Creatinine (mg/dL), Me (Q1–Q3)

	
1.1 (0.9–1.4)

	
1.26 (0.9–1.7)

	
0.182




	
Lowest GFR (mL/min/1.73m2), Me (Q1–Q3)

	
66.5 (43.0–86.0)

	
51.0 (34.0–78.0)

	
0.144




	
Pneumonia, n (%)

	
131 (3.83)

	
86 (11.73)

	
<0.001




	
Hospital mortality, n (%)

	
12 (5.50)

	
10 (15.38)

	
0.009




	
Length of hospital stay (LOS), Me (Q1–Q3)

	
8.0 (7.0–9.0)

	
7.0 (6.0–9.0)

	
0.219








Abbreviations: CPB—cardiopulmonary bypass; CKMB—creatine kinase myocardial band; RBC—Red-blood-cell concentrate; PLR—platelets, leukocytes reduced; CRP—C-reactive protein; TIA—transient ischemic attack; EPI—epilepsy; ICA—internal carotid artery; AF—atrial fibrillation; HbA1c—glycated hemoglobin; GFR—glomerular-filtration rate; LOS—length of hospital stay; n—number of patients; Me—median; Q1—first quartile; Q3—third quartile; p—statistical significance.
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