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Purpose: The present study aimed to investigate the incidence and predictors of post-
operative delirium (POD) in patients with complicated type B aortic dissection (TBAD)
undergoing TEVAR with/without concomitant procedures and to assess the association of
POD with early and follow-up outcomes.

Methods: A retrospective single-center cross-sectional analysis was conducted using
a prospectively maintained database from 2010 to 2017. Outcomes were postoperative
clinical outcomes, early and follow-up survival.

Results: A total of 517 complicated TBAD patients were enrolled. POD was observed in
13.3% (69/517) patients and was associated with increased hospital length of stay (LOS)
and hospital costs (P< 0.001 for both). Besides, POD was found to be an independent
risk factor for prolonged ICU stay (odds ratio [OR] 4.39, 95% confidence interval [CI]
2.40-8.01, P< 0.001) and early death (OR 4.42, 95% CI 1.26-15.54, P= 0.020).
Predictors of POD were hybrid procedure (OR 2.17, 95% CI 1.20-3.92, P= 0.010), the
use of benzodiazepine (OR 1.86, 95% CI 1.07-3.23, P= 0.027) or quinolone (OR 2.35,
95% CI 1.26-4.38, P= 0.007), creatinine >2 mg/dL (OR 3.25, 95% CI 1.57-6.72, P=
0.001) and preoperative blood transfusion (OR 3.31, 95% CI 1.76-6.21, P< 0.001). After
a median follow-up of 73.6 months, POD remained as an independent indicator for
follow-up mortality (hazard ratio [HR] 2.40, 95% CI 1.31-4.38, P= 0.005) after adjusting
potential confounders.

Conclusion: POD after TEVAR has an incidence of around 13% and could profoundly
increase the in-hospital LOS, hospital costs, as well as the early and follow-up mortality.
A series of risk factors, including hybrid procedure, the use of benzodiazepine or quinolone,
creatinine >2 mg/dL and preoperative blood transfusion, were identified as independent risk
factors for POD. Effective risk-stratification and patient-tailored management strategy should
be developed to reduce the incidence of POD.

Keywords: type B aortic dissection, thoracic endovascular aortic repair, hybrid procedure,
postoperative delirium, predictors, outcomes

Introduction

Type B aortic dissection (TBAD) is a devastating vascular emergency with high
morbidity and mortality rates." When it is complicated, thoracic endovascular aortic
repair (TEVAR) has been suggested as the first-line strategy.' Hybrid or chimney
technique is recommended for thoracic aortic pathologies that involve the aortic
arch, and could significantly improve the outcomes.” However, the incidence of
postoperative complications remain relatively high, diminishing the quality of life
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and conferring a poor prognosis.® Early identification and
prevention of risk factors of these complications are of
critical importance.

Postoperative delirium (POD) is a neuropsychiatric
disorder with features of an acute onset and fluctuating
course of inattention and confusion, and is one of the
most common postoperative complications in vascular
surgery procedures with an incidence ranging from
4.8% to 39%.%*° Predisposing factors, such as increas-
ing age, multiple comorbidities, prior cognitive impair-
ment, alcohol or drug abuse, could make patients more
prone to develop delirium postoperatively. Besides,
perioperative factors, such as blood transfusion, glyce-
mic control and medication expose, could also
extremely influence the incidence of POD.” It is well-
established that POD could result in longer hospital
length of stay (LOS),

resources and higher mortality in cardiac procedure,

increased use of medical

abdominal aortic aneurysm repair and critical limb
surgery.”® Patients with aortic surgery or amputation
surgery are frequently deemed to be in a frail condition
and more prone to POD compared to other vascular
surgical procedures.'® However, studies that report the
incidence and impact of POD after endovascular treat-
ment for TBAD are lacking.

Obtaining more information on the risk factors for
POD could assist clinicians in preventing and early
recognizing POD, thus improving the decision-making
process and diminishing morbidity and mortality.
Therefore, the objectives of the present study were to
investigate the incidence, predictors, and outcomes of
POD in patients with complicated TBAD undergoing
TEVAR.

Patients and Methods

Study Population

From January 2010 to December 2017, 576 consecutive
patients with acute or subacute complicated TBAD
received TEVAR with/without concomitant procedures at
out center. The diagnosis of TBAD was confirmed by
enhanced computed tomography angiography (CTA). The
exclusion criteria were as follows: (1) blunt traumatic
thoracic aortic injury, (2) malignant tumor, (3) connective
tissue disease, (4) previous aortic intervention, (5) preex-
isting dementia or cognitive impairment, (6) missing base-
line or operative information. The remaining 517 patients
were included for the final analysis (Figure 1).

Patients with complicated TBAD undergoing TEVAR (n=576)

Exclude (n=59)
A history of malignancy (n=12)
Connective tissue disease (n=9)
Previous aortic intervention (n=4)
Trauma injury (n=4)
Preexisting dementia or cognitive
impairment (n=9)
Missing baseline or operative
information (n=21)

\4
With adequate data for analysis (n=517)

Figure | Study flow-chart.
Abbreviations: TBAD, type B aortic dissection; TEVAR, thoracic endovascular
aortic repair.

Ethics

The present study was a single-center, retrospective
observational design using the prospectively maintained
database at Guangdong Provincial People’s Hospital
(Guangdong, China). The Health Informatics Center
anonymize all related data and oversee the study proto-
col. In the process of the study, researchers covering all
data confidentiality and compliance with the Declaration
of Helsinki. Therefore, patient consent to review their
medical records was not required in this retrospective
study. The Ethics
Provincial People’s
(No. 201807).

Committee of the Guangdong

Hospital approved this study

Definitions and Data Collection

Acute TBAD was defined as a type B aortic dissection
occurring less than 14 days after the onset of symptoms,
whereas subacute TBAD was defined by an elapsed time
between 15 and 90 days.! Complicated TBAD was
described as persistent or recurrent pain, uncontrolled
hypertension despite full medication, early aortic expan-
sion, malperfusion, and signs of rupture (haemothorax,
increasing periaortic and mediastinal haematoma).! The
POD was assessed per routine for 14 days after the
operation by nurses who were trained to use the
Confusion Assessment Method-Intensive Care Unit
(CAM-ICU) tool: (1) an acute change in mental status
or fluctuation in the level of consciousness over the prior
24 h, (2) inattention, (3) disorganized thinking, and (4)
The CAM-ICU
defines delirium if at least two features are present

an altered level of consciousness.'!
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(Feature 1 and 2 OR 3 and 4). If delirium was present or
suspected, two independent clinicians were responsible
for the final diagnostic validation.

Demographics, comorbidities, laboratory and ima-
ging findings, and preoperative medications use were
recorded by two researchers. Abnormal serum electro-
lyte was considered present when serum potassium
levels were less than 3.0 mmol/L or greater than 6
mmol/L, serum sodium was less than 130 mmol/L or
greater than 150 mmol/L, or blood glucose values were
less than 60 mg/dL or greater than 300 mg/dL.'* All
patients underwent preoperative CTA of the entire aorta.
The maximum outer-to-outer diameter of the aorta, the
extent of the dissection and false lumen status were
evaluated using commercial software (Terarecon, San
Mateo, CA, USA).

Procedure

TEVAR for complicated TBAD patients was aligned with
the European Society of Cardiology (ESC) 2014
guidelines.' The details of the procedures at our center
have been previously described.'? Briefly, the procedures
were performed with suitable anatomy in a cardiac cathe-
terization room under local anaesthesia. The diameters of
aortic stent-grafts were generally oversized by 5% to 15%
according to the aortic morphology. All stent-grafts were
deployed retrogradely via percutaneous femoral artery
access to obliterate the proximal entry tear. The left sub-
clavian arteries (LSA) and left common carotid artery
(LCCA) were covered when necessary to obtain at least
a 2-cm proximal landing zone. The technique of recon-
struction of the arch vessels (chimney or hybrid [TEVAR
concomitant with supra-arch bypass]) was at the discretion
of the operating surgeon according to the characteristics of
aortic pathologies. Notably, the hybrid procedure was con-
ducted in a staged fashion and required general anaesthesia
in our center. The majority of patients were treated with
a single stent graft, and additional pieces were placed only
when the initial graft did not produce the desired result of
coverage of the entry tear and expansion of the true lumen
as determined by angiography.

Outcomes

The primary outcomes were the incidence of POD and
follow-up all-cause mortality. Early outcomes occurring in-
hospital or 30 days after TEVAR, including death and pro-
longed ICU stay, were considered as the secondary

outcomes. Prolonged ICU stay was defined as a treatment
in ICU longer than 72 hours after the procedure.

Follow-Up Protocol

All in-hospital survival patients underwent clinical, and
imaging follow-up at 1, 3, 6, 12 months, and annually
thereafter. Each patient was suggested to return to the
hospital for a review at corresponding intervals. Data
including symptoms, medication, imaging findings and
other relevant conditions were collected during follow-
up. Assessment of patients’ condition was mainly com-
pleted by an outpatient clinic visit or telephone interview.

Statistical Analysis

Categorical variables were analyzed using the Chi-square
test or Fisher exact test and presented as numbers and
percentages. Continuous variables were tested using the
Student’s #-test or Mann—Whitney U-test according to the
distribution and presented as mean + standard deviation or
median and interquartile range (IQR). The D-dimer level
was log-transformed to account for the skewed
distribution.

The cumulative rate of follow-up mortality was pre-
sented as Kaplan-Meier curves and compared using the
Log rank test. Factors associated with POD were analyzed
with multivariable logistic regression. Receiver operating
characteristic (ROC) curves were plotted, and the area
under the ROC curve (AUC) values were calculated to
describe the model’s prediction accuracy for the incidence
of POD. Logistic and Cox regression analyses were car-
ried out to investigate the association between POD and
outcomes. Variables with a P < (.10 in the univariate
analysis were included in the multivariable model to iden-
tify independent predictors using a forward stepwise selec-
tion procedure. Proportional hazards (PH) assumption was
evaluated by calculating weighted Schoenfeld residuals,
and no violations of the PH assumptions were found.
A 2-tailed P < 0.05 was considered significant in all
tests. All statistical analyses were performed using

R software (version 3.5.1).

Results

Clinical Characteristics

A total of 517 acute or subacute complicated TBAD
patients (453 males, 87.6%) with an average age of 53.2
+ 10.9 years were enrolled in the current study.
Hypertension was confirmed in 445 (86.1%) patients and
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was the most common comorbidity. One hundred-twenty
(23.2%) patients underwent hybrid procedures, 82 (15.9%)
patients underwent TEVAR concomitant with chimney
procedure. POD was confirmed in 69 (13.3%) patients.
Detailed baseline characteristics were summarized in
Table 1.

Predictors of POD

In the univariate logistic analysis, age, hybrid procedure, the
use of benzodiazepine or quinolone, albumin <30 g/L, creati-
nine >2 mg/dL, maximum aortic diameter >40 mm, preopera-
tive blood transfusion, abnormal serum electrolyte, and
insertion of >2 aortic stents were significant predictors for
POD (P< 0.05 for each, Supplementary table S1). After
adjusting for confounding factors, hybrid procedure (odds
ratio [OR] 2.17, 95% confidence interval [CI] 1.20-3.92, P=
0.010), the use of benzodiazepine (OR 1.86, 95% CI 1.07—
3.23, P=0.027) or quinolone (OR 2.35, 95% CI 1.26-4.38,
P =0.007), creatinine >2 mg/dL (OR 3.25, 95% CI 1.57-6.72,
P=0.001) and preoperative blood transfusion (OR 3.31, 95%
CI 1.76-6.21, P< 0.001) remained as the independent risk
factors for POD (Supplementary table S1 and Figure 2A). The
Receiver operating characteristic curve analysis revealed that

the final model had a moderate predictive value for POD
(AUC 0.75, 95% CI 0.68-0.81, Supplementary figure 1).

POD and Early Outcomes

As presented in Table 2, patients with POD had signifi-
cantly higher rates of prolonged ICU stay, 30-day death,
stroke, spinal cord ischemia and re-intervention, as well as
higher hospital cost (P< 0.05 for each), but had the similar
rates of postoperative acute kidney injury (AKI) and limb
ischemia compared with those without POD (P> 0.05 for
both). Multivariable logistic analysis showed that POD
was an independent predictor for prolonged ICU stay
(OR 4.39, 95% CI 2.40-8.01, P< 0.001) and 30-day
death (OR 4.42, 95% CI 1.26-15.54, P= 0.020) (Table 3).

POD and Follow-Up Survival

The median duration of follow-up was 73.6 months (IQR,
47.7-92.3 months). In this period, 58 (11.6%) patients died
after the procedure, with 19 (30.2%) and 39 (8.9%)
patients for delirium and non-delirium group (P< 0.001),
respectively (Table 2). The cumulative survival rate at 1, 3,
and 5 years was 92.1%, 78.6%, and 58.5% in patients with
delirium and 99.3%, 98.6%, and 97.6% in those without
delirium. Compared with patients without POD, the cumu-
lative follow-up mortality was much prominent in those

with POD (log-rank=19.38; P< 0.001) (Figure 3).
Additionally, the incidence of stroke, re-intervention and
re-admission rates were similar between patients with/
without delirium.

In univariate Cox regression analysis, delirium was
significantly related to

follow-up mortality

(Supplementary table S2). Other significant parameters

included age, BMI, the use of analgesics, coronary artery
disease, albumin <30 g/L, creatinine >2 mg/dL and max-
imum aortic diameter >40 mm. In the multivariable ana-
lysis, delirium (HR 2.40, 95% CI 1.31-4.38, P=0.005),
BMI (HR, 0.89; 95% CI 0.81-0.97; P= 0.010), hybrid
procedure (HR 1.93, 95% CI 1.06-3.54, P= 0.033), the
use of analgesics (HR 0.57, 95% CI 0.33-0.98, P=0.042),
albumin <30 g/L (HR 2.10, 95% CI 1.24-3.57, P= 0.006),
creatinine >2 mg/dL. (HR 3.14, 95% CI 1.66-5.97, P<
0.001) and maximum aortic diameter >40 mm (HR 1.92,
95% CI 1.12-3.29, P= 0.018) remained as the independent
indicators for follow-up mortality (Supplementary table
S2; Figure 2B).

Discussion

In the present study, we found that the incidence rate of
POD was approximately 13.3% in patients with acute or
subacute complicated TBAD who underwent TEVAR.
POD could result in significant prolongation of hospital
LOS and ICU stay, as well as increased use of hospital
resources. Furthermore, POD could profoundly affect the
early and follow-up survival among these patients. The
hybrid procedure, the use of benzodiazepine or quinolone,
creatinine >2 mg/dL and preoperative blood transfusion
were independent predictors of POD.

Data on the incidence of POD in TBAD patients are
lacking. A meta-analysis reported that the incidence of
POD in vascular surgery ranged from 4.8%-39%.° which
was in line with the 13.3% in our result. Nevertheless, the
rate was lower than 24.25% which was reported by Cai
et al in patients with type A aortic dissection.'* This
discrepancy might attribute to more arch vessels involve-
ment and more severe ischemic brain injury in type
A aortic dissection. Despite the frequency of delirium in
this postoperative setting, POD is often considered a less
serious event than other major postoperative complica-
tions. Gottesman et al pointed out that the impact of
POD on both in-hospital and long-term outcomes might
be underestimated, and demonstrated that POD after car-
diac surgery was a strong independent indicator of mor-
tality up to 10 years postoperatively.” This relationship
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Table | Baseline and Operative Characteristics of Patients with and without Delirium
Variables Delirium (n=69) No Delirium (n=448) P
Age, years 555+ 11.0 52.8 + 10.9 0.048
Age 260 years 27 (39.1) 131 (29.2) 0.097
Male 390 (87.1) 63 (91.3) 0.318
BMI, kg/m? 245 + 34 247 £ 3.9 0.723
Obesity (BMI 230 kg/m?) 41 (9.2) 2 (29) 0.080
Phases of aortic dissection 0.217
Acute 66 (95.7) 409 (91.3)
Subacute 3 (43) 39 (87)
Hypertension 62 (89.9) 383 (85.5) 0.330
Coronary artery disease 12 (17.4) 61 (13.6) 0.402
Diabetes mellitus 5(7.2) 25 (5.6) 0.579
Hyperlipidemia 8 (11.6) 52 (11.6) 0.998
Anemia 36 (52.2) 205 (45.8) 0.320
Stroke 3 (43) 8 (1.8) 0.171
Current smoker 35 (50.7) 228 (50.9) 0.979
Maximum aortic diameter;, mm 39.0 (35.044.1) 37.0 (34.041.6) 0.012
Maximum aortic diameter 240 mm 32 (46.4) 147 (32.8) 0.027
Extent of the dissection 0.419
Confined in thoracic aorta 12 (17.4) 97 (21.7)
Extended to abdominal aorta 57 (82.6) 351 (78.3)
False lumen status 0.564
Patent 46 (66.7) 301 (67.2)
Partially thrombosed 22 (31.9) 128 (28.6)
Completely thrombosed 1 (1.4) 19 (4.2)
Pleural effusion 37 (53.6) 211 (47.1) 0.313
Pericardial effusion 5(7.2) 19 (4.2) 0.349
Hemoglobin, g/L 129.0 (116.2-135.5) 131.5 (119.3-141.2) 0.059
Platelets, 10°/L 188.4 (156.0-253.3) 198.2 (160.0-253.2) 0.554
Ig (D-dimer) 3.3 0.6 33+05 0.820
Creatinine, mg/dL 1.2 (0.9-2.0) 1.0 (0.8-1.3) 0.001
Creatinine >2 mg/dL 17 (24.6) 37 (8.3) <0.001
Albumin, g/L 31.3+49 328 + 46 0.016
Albumin < 30 g/L 27 (39.1) 121 (27.0) 0.038
Blood glucose, mg/dL 122.2 (101.0-157.5) 113.4 (96.5-137.6) 0.101
Serum sodium, mmol/L 136.6 (135.5-139.9) 137.0 (134.6-138.8) 0.241
Serum potassium, mmol/L 3.8 (3.54.1) 3.7 3.54.0) 0.165
(Continued)
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Table | (Continued).

Variables Delirium (n=69) No Delirium (n=448) P
Abnormal serum electrolyte® 10 (14.5) 31 (6.9) 0.030
Operative procedure
TEVAR 38 (55.1) 281 (62.7) 0.224
Hybrid (TEVAR + aortic arch bypass) 25 (36.2) 95 (21.2) 0.006
Chimney 7 (10.1) 75 (16.7) 0.163
Insertion of 22 aortic stents 10 (14.5) 31 (6.9) 0.030
Perioperative blood transfusion 24 (34.8) 47 (10.5) <0.001
Preoperative medication use
Antiplatelet drugs 7 (10.1) 61 (13.6) 0.427
Angiotensin system inhibitors 50 (72.5) 312 (69.6) 0.634
Beta-blockers 69 (100.0) 442 (98.7) >0.999
Calcium channel blockers 69 (100.0) 431 (96.2) 0.147
Diuretics 38 (55.1) 255 (56.9) 0.773
Statins 39 (56.5) 247 (55.1) 0.829
Analgesics® 42 (60.9) 262 (58.5) 0.708
Benzodiazepines 34 (49.3) 138 (30.8) 0.002
Zolpidem 2(29) 10 (2.2) 0.667
Histamine-receptor antagonists 6 (8.7) 17 (3.8) 0.106
Quinolone 22 (31.9) 63 (14.1) <0.001

Notes: *Abnormal serum electrolyte indicates abnormal levels of sodium, potassium, or glucose. “Analgesics indicate use of morphine, tramadol and fentanyl.

Abbreviations: BMI, body mass index; TEVAR, thoracic endovascular aortic repair.

was also observed in other non-cardiac operations includ-

ing transcatheter aortic valve implantation, abdominal aor-

tic aneurysm repair,

and

critical

limb ischemia

surgery.*'*!> Our results based on relatively large sample

size and long follow-up duration further corroborated this

conclusion and enriched the literature.

Consistent with previous studies,>'® patients with POD

were older and a greater comorbidities burden in the

A

Variables

Hybrid technique
Benzodiazepines

Quinolone

Creatinine >2 mg/dL
Pre—operative blood transfusion

Insertion of =2 aortic stents

OR (95%CI)
2.17 (1.20-3.92)
1.86 (1.07-3.23)
235 (1.26-4.38)
325 (1.57-6.72)
331 (1.76-6.21)
221 (0.95-5.16)

0.

P Value
—a— 0.01
—— 0.027
—— 0.007
—— 0.001
—a— <0.001
—a— 0.066

S S
50 10 20 40 80
The estimates

present study. These might partly explain the high mortal-
ity in patients who developed POD. Rather than being
causally associated with poor outcomes, POD may reflect
a vulnerable status with diminished reserve capacity.'>'¢
However, considering increasing evidence confirmed the
association between POD and poor prognosis and 30% to

40% of POD might be prevented,'” it seems imperative to

develop effective management strategies to identify
Variables HR (95%CI) P Value
Delirium 240 (1.31-4.38) —a— 0.005
Age 1.02 (0.99—-1.05) u 0.197
BMI 0.89 (0.81-0.97) L] 0.01
Hybrid technique 1.93 (1.06-3.54) —a— 0.033
Analgesics 0.57 (0.33—0.98) &— 0.042
Coronary artery disease 1.68 (0.87-3.25) —— 0.12
Albumin <30 g/L 2.10(1.24-3.57) —a— 0.006
Creatinine >2 mg/dL 3.14 (1.66-5.97) —a— <0.001
Maximum aortic diameter>40 mm 1.92 (1.12-3.29) —— 0.018
——

050 1 80

0 20 4
‘The estimates

Figure 2 Forest plot of POD predictors (A), and multivariable analysis results of follow-up mortality (B).
Abbreviations: POD, postoperative delirium; BMI, body mass index.
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Table 2 Post-Operative Outcomes of Patients with and without Delirium

Variables Delirium (n=69) No Delirium (n=448) P

Early outcomes
Hospital stay, days 19.0 (14.0-26.5) 13.0 (9.0-18.0) <0.001
ICU stay, hours 144.0 (71.5-236.0) 5.5 (0-96.0) <0.001
Prolonged ICU stay * 49 (71.0) 139 (31.0) <0.001
Hospital costs, thousand dollars 26.8 (20.3-34.6) 20.8 (15.0-24.0) <0.001
Death 6 (8.7) 9 (2.0) 0.009
Acute kidney injury 21 (30.4) 113 (25.2) 0.358
Stroke Il (15.9) 6 (1.3) <0.001
Limb ischemia 2 (2.9) 7 (1.6) 0.343
Spinal cord ischemia 5(7.2) 2 (0.4) 0.001
Re-intervention 3 (43) 3(0.7) 0.034

Follow-up outcomes
All-cause mortality 19 (30.2) 39 (8.9) <0.001
Stroke 2 (3.2) 13 (3.0) 0.926
Re-intervention 2 (3.2) 24 (5.5) 0.759
Re-admission 8 (12.7) 60 (13.7) 0.834

Note: *Prolonged ICU stay was defined as intensive care unit stay greater than 72 hours.

Abbreviation: ICU, intensive care unit.

Table 3 Results of Multivariate Regression Analysis for Early

Outcomes
Variables | Prolonged ICU Stay* Death
OR (95% ClI) P OR (95% CI) P
Delirium 4.39 (2.40-8.01) | <0.001 | 4.42 (1.26-15.54) | 0.020

Note: *Prolonged ICU stay was defined as intensive care unit stay greater than 72
hours.
Abbreviations: OR, odds ratio; Cl, confidence interval; ICU, intensive care unit.

patients at high risk for POD and prevent this entity
arising.

The risk of developing POD could be considered as the
result of predisposing and precipitating factors. Advanced
age, malnutrition (eg lower BMI or albumin level) and
a high burden of coexisting conditions are common pre-
disposing risk factors.™'” However, we did not find any
association between older age and POD in our study. This
might be attributable to the relatively young mean age
(53.2 £ 10.9 years) in our sample. It might be the same
reason that the difference between patients with/without
POD was not significant (P=0.723). Although the univari-
ate analysis showed hypoalbuminemia (albumin <30 g/L)
was a significant risk factor for POD (HR 1.74, P= 0.040,
Supplementary table S1), the statistical significance disap-

peared after adjusting for other confounders. Nonetheless,
there should be little doubt that nutritional assistance and
physical training are important and useful to reduce the

incidence of post-operative complications including the
POD.’

In our analysis, the hybrid procedure, consisting of
supra-arch bypass and endovascular treatment, was identi-
fied as an independent risk factor for POD in our data.
A distinguishing feature of patients undergoing hybrid
procedure is the extensive aortic arch involvement, which

might induce severe brain ischemia.'® Additionally, hybrid
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Figure 3 The Kaplan-Meier survival curve of the association between postopera-
tive delirium and follow-up survival.
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technique involves a strong noxious stimulus, due to the
requirement for general anesthesia, prolonged ICU stay,
severe postoperative pain and subsequent use of pain
medication, and the disorienting effect of the frequent
change of environment, thus being more prone to develop
POD. Preventive strategies, such as the proactive geriatric
consultation, effective pain management, early mobiliza-
tion and orienting communication, have displayed positive
effect on reducing POD, ideally when implemented before
and continued after intervention. Notably, total endovas-
cular aortic arch repair using branch stent-graft or fenes-
tration techniques have been developed as less invasive
alternatives to hybrid technique, which could avoid gen-
eral anesthesia, minimize the ICU stay and diminish inci-
sion-related pain, thus has the potential to significantly
reduce the incidence of POD.? Improvement on stent-
graft design and material, and operation technology,
might facilitate the implementation of these novel
techniques.

All remaining indicators found in the present study,

including the use of benzodiazepine or quinolone,'®*’

preoperative blood transfusion®'*?

and creatinine >2 mg/
dL,'*'” have been previously associated with POD. Blood
transfusion administration and benzodiazepine use were
described as the only two modifiable factors for POD
with
A hypothesis is that blood transfusion could activate the

strong  evidence by clinical guidelines.?
release of cytokines and amplify the systemic inflamma-
tory reaction caused by disease or operation, which could
permeate through the blood-brain barrier and trigger
delirium.** However, the protective role of avoiding
blood transfusion especially in patients with low level of
hemoglobin is still inconclusive.”* It seems advisable to
transfuse with proper indications and control transfusion
complications like volume overload by identifying high-
risk patients, slowing down the infusion speed, and care-
of POD-related

medications (eg, benzodiazepine, quinolone) were effec-

fully monitoring.>*  Minimization
tive and recommended by current consensus to decrease
the incidence of POD.> For those receiving hybrid proce-
dures, either propofol or dexmedetomidine over benzodia-
zepines for sedation might be more appropriate especially
in critically ill, mechanically ventilated patients.”® Besides,
given that patients with renal dysfunction had higher risk
of developing POD, it were preferable to minimize the use
of nephrotoxic drugs (eg opioid) and conduct adequate
preoperative and intraoperative fluid hydration.*

Limitations

There are several limitations that deserved to be pointed out.
First, it was a retrospective, observational single-center
design, although we enrolled all TBAD patients undergoing
TEVAR continually to minimize the selection bias. Second,
the incidence of POD might be underestimated as symptoms
could be subtle and unrecognized. The retrospective nature
of the study might have also contributed to the underestima-
tion of the prevalence of POD. Third, complete data con-
cerning known risk factors for POD (eg quantification of
preoperative cognitive impairment) were not available in our
data set. Given this, the variables chosen for the final model
are limited, and residual confounding could not be excluded.

Conclusions

POD was one of the most frequent postoperative complica-
tions and occurred in 13.3% of patients with TBAD who
underwent TEVAR with/without concomitant procedures. It
could profoundly increase the in-hospital LOS, ICU stay and
hospital costs, as well as the early and follow-up mortality.
Besides hybrid procedure, the use of benzodiazepine or
quinolone, creatinine >2 mg/dL and preoperative blood trans-
fusion were identified as independent risk factors for POD.
More attention should be drawn to identify high-risk patients
and development of patient-tailored management strategies
to reduce the incidence of POD and improve the prognosis.
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