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Abstract
Background: Hyperuricemia is associated with aortic dissection and cardiovascular diseases. The
implication of high serum uric acid (UA) level after acute aortic dissection repair remains unknown. The
aim of this study is to explore the role of peri-operative serum UA level in predicting 30-days mortality with
acute type A aortic dissection (AAAD) patients, who underwent surgery.

Methods and Results: 209 consecutive AAAD patients were included, 14.3% (n=30) were dead within 30
days after surgery. By univariate analysis, we found AAAD repair patients with 30-days mortality had a
higher prevalence of cerebral malperfusion, lower pre-operative �brinogen, longer cardiopulmonary
bypass and aortic crossclamp time, and higher post-operative day 1 (POD1) creatinine and urea levels.
Both pre-operative (433.80±152.59 vs. 373.46±108.31mmol/L, P=0.038) and POD1 (559.78±162.23 vs.
391.29±145.19 mmol/L, P=0.000) UA level were higher in mortality group than in survival group. In
regression model, only cerebral malperfusion (OR, 7.937, 95% CI, 1.252-50.323; P=0.028) and POD1 UA
level (OR, 1.006; 95% CI, 1.003-1.009; P=0.000) were independent predictors of 30-days mortality in AAAD
repair patients. According to the ROC curve, the POD1 UA level provided positive value for 30-days
mortality in AAAD repair patients with 0.799 areas under the curve. The optimum cutoff value selected by
ROC curve was 500.15 mmol/L, with a sensitivity of 69.2% and a speci�city of 81.7%.

Conclusion: Pre- and post-operative hyperuricemia are potentially associated with worsened outcomes in
AAAD surgery patients. The POD1 UA level has a predictive role in 30-days mortality in AAAD repair
patients. 

Introduction
Acute type A aortic dissection (AAAD) is a life-threatening cardiovascular emergency.1,2 Despite improved
surgical techniques and perioperative care,3 the short-term mortality rate after aortic dissection (AD)
surgery ranges from 15–30% in recent years,4–6 especially the 30-days mortality of AAAD, which is 2–3
fold higher than other types of aortic disscetion.6 Thus, early peri-operative detection, risk of death
assessment and timely treatment are essential for improving survival and outcomes of AAAD repair
patients.

Hyperuricemia is common in China.7,8 Increasing evidence have reported that hyperuricemia is
associated with cardiovascular disease including hypertension, coronary artery disease as well as aortic
dissection.9–11 Serum uric acid (UA) is a relatively insoluble end-product of purine metabolism12 and was
found to be increased excreted after cardiac surgery, which may predict risk for cardiac complications
and acute renal failure.13 Although a series of biomarkers including matrix metalloproteinases, TGF-β,
creatine kinase, D-dimer, C-reactive protein and sST2 have been reported to serve as possible
perioperative prognostic factor for AAAD,14–16 the relation between UA and AAAD outcomes remains
con�icting,17,18 and its value for predicting risk and 30-days mortality AAAD repair patients is unreported.
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The aim of this study is to explore the role of peri-operative serum UA level in predicting 30-days mortality
of AAAD who underwent open repair surgery.

Patients And Methods
We retrospectively enrolled 209 consecutive patients with AAAD, who underwent surgery in our
department from January 2017 to October 2020. All patients were diagnosed with AAAD by contrast-
enhanced computed tomography and were assessed with transthoracic echocardiography for pericardial
effusion and other associated cardiopathy prior to surgery. Standard perioperative treatments were
performed immediately at ICU admission and patients were transferred to emergency surgery within 24
hours after admission. Based on the extent of the aortic pathology and experience of the surgeon, four
surgical strategies were performed including Sun’s procedure,19 Sun’s procedure with aortic root
replacement, ascending aortic replacement with or without hemiarch replacement and modi�ed Bentall
procedure. Individuals who died prior to surgery in hospital and patients who received endovascular
surgery or diagnosed as AD before were excluded.

Variables included in the study were pre-operative demographic and laboratory data, intra-operative data,
post-operative demographic and laboratory data. Medical history, physical and laboratory examinations
were acquired at ICU admission. We recorded aortic replacement procedures and time for
cardiopulmonary bypass and aortic crossclamp from intra-operative surgery data. Post-operative
laboratory examinations were measured within 24 hours after surgery.

The primary outcome was 30-days mortality, de�ned as all-cause death between 0 and 30 days after
surgery. The secondary outcome included 30-days complications morbidities, including spinal cord
ischemia, stroke, pneumonia, renal failure, delirium, prolonged mechanical ventilation (> 48 h) and
myocardial ischemia. These 30-days outcomes were collected from hospital database and follow-up
database obtained from surgical clinical nurse reviewers. The de�nition of all variables, as well as the
indication and performance of the surgical procedures are based on the guidelines published by the
Society of Thoracic Surgeons de�nitions.20 The institutional ethics committee approved the reporting of
information obtained from our retrospective study.

Categorical variables were summarized as numbers and frequency (%) and were compared using chi-
square test or Fisher Exact test, as appropriate. Continuous variables were summarized as mean ± 
standard deviation (SD) and compared using Student t test based on normal distribution test results. The
risk variables with P < 0.05 in the univariate analysis were included in the logistic regression model, and
stepwise elimination method based on binary logistic regression was constructed to identify independent
risk factors. Using receiver operating characteristic (ROC) curves, the reliability of the independent risk
factors was further evaluated in regards to the 30-days mortality predictor’s sensitivity, speci�city and
respective areas under the curves (AUCs) with 95% con�dence interval (CI). Its optimal cutoff value was
determined when sensitivity and speci�city reached the peak (The best Youden index). All statistical
analyses were performed by using SPSS V 25.0 (SPSS Inc., Chicago, IL).
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Results
Of the 209 AAAD repair patients included in the study, 14.3% (n = 30) were dead within 30 days after
surgery. Table 1 showed patients with 30-days mortality had higher prevalence of pre-operative cerebral
malperfusion (10%) compared to survival group (1.7%) (p = 0.009). No other signi�cant differences were
found in clinical demographics such as age, gender, hypertension, diabetes, valvular disease, Marfan
syndrome, cerebrovascular disease, ischemic heart disease and renal failure ,and there were no
signi�cant variances in peripheral and cardiac malperfusion (P 0.05).

Table 1
Pre-operative AAAD clinical pro�le and characteristics.

Pre-operative
Characteristics

30-days Mortality Group
(n = 30)

Survival Group
(n = 179)

X2 P value

Clinical data        

Age (y) 51.27 ± 1.94 49.71 ± 0.80   0.468

Male Gender 23 (76.7) 126 (70.4) 0.494 0.482

Hypertension 23 (76.6) 130 (72.6) 0.04 0.841

Diabetes 1 (3.3) 11 (6.1) 0.644 0.422

Valvular Disease 3 (10.0) 13 (7.3) 0.08 0.777

Marfan Syndrome 3 (10.0) 7 (3.9) 2.176 0.14

CVD 24 (80.0) 141 (78.8) 0.111 0.739

IHD 1 (3.3) 15 (8.4) 1.371 0.242

Renal Failure 0 4 (2.2) 0.67 0.412

Malperfusion 8 (26.7) 22 (12.3) 0.454 0.033

Peripheral 2 (6.7) 10 (5.6) 0.084 0.77

Cerebral 3 (10.0) 3 (1.7) 6.764 0.009*

Cardiac 4 (13.3) 9 (5.0) 3.327 0.068

Data are expressed as mean ± SD or n (%). CVD = cerebrovascular disease; IHD = ischemic heart
disease; *: P < 0.05 vs. Survival group.

By analyzing intra-operative data (Table 2), we found that aortic replacement procedures did not affect
30-days mortality of the patients (p 0.05). However, the cardiopulmonary bypass time (CPBT) (232.53 ± 
13.31 vs. 191.42 ± 3.97 min, p = 0.006) and aortic crossclamp time (ACCT) (124.77 ± 8.21 vs. 104.76 ± 
2.81 min, p = 0.009) were signi�cantly longer in 30-days mortality group than in survival group. For post-
operative complications morbidities, 30% (n = 9) patients had brain de�cits in 30-days mortality group
which is 17-folds higher than survival group (1.7%, n = 3). Similarly, serious complications of vital organs
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such as heart (36.7 vs. 6.1%, p = 0.000) and kidney (46.7 vs. 7.8%, p = 0.000) occurred more in the
mortality group. Apparently, patients who died within 30 days had shorter hospital stay (13.87 ± 2.10 vs.
19.18 ± 0.95 days, p = 0.032).

Table 2
Intra-operative and post-operative clinical data.

Variables 30-days Mortality Group
(n = 30)

Survival Group
(n = 179)

X2 P value

Replacement Procedure     2.256 0.521

Sun 19 111    

Sun + ARR 7 35    

AAR + HAR 2 22    

Modi�ed Bentall 0 8    

CPBT (min) 232.53 ± 13.31 191.42 ± 3.97   0.006*

ACCT (min) 124.77 ± 8.21 104.76 ± 2.81   0.009*

TCA (min) 28.33 ± 1.92 25.16 ± 0.61   0.063

Complications Morbidities        

Spinal Cord Ischemia 2 (6.7) 12 (6.7) 0 0.988

Stroke 9 (30.0) 3 (1.7) 38.864 0.000*

Pneumonia 2 (6.7) 27 (15.1) 1.462 0.227

Renal Failure 14 (46.7) 14 (7.8) 34.324 0.000*

Delirium 4 (13.3) 32 (17.9) 0.331 0.565

Prolonged Mechanical
Ventilation (> 48 h)

3 (10.0) 8 (4.5) 1.649 0.199

Myocardial Ischemia 11 (36.7) 11 (6.1) 26.085 0.000*

Hospital Stay (d) 13.87 ± 2.10 19.18 ± 0.95   0.032*

Data are expressed as mean ± SD or n (%). Sun = Sun’s procedure; ARR = aortic root replacement; AAR 
= ascending aortic replacement; HAR = hemiarch replacement; CPBT = cardiopulmonary bypass time;
ACCT = aortic crossclamp time; TCA = total circulatory arrest; *: P < 0.05 vs. Survival group.

Table 3 demonstrated pre-operative and post-operative day 1 (POD1) laboratory data from AAAD
patients. Non- 30-days mortality related pre-operative risk factors included blood WBC count, RBC count,
PLT count, Hb, albumin, DBIL, ALT, AST, urea, creatinine, glucose, PT, APTT, D-Dimer, FDP, CTnl and NT-pro
BNP. High level of pre-operative serum UA (433.80 ± 152.59 mmol/L, p = 0.038) and low level of FBG
(2.66 ± 1.41 g/L, p = 0.010) were highly associated to 30-days mortality. Additionally, the POD1 UA level in
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30-days mortality group was remarkably higher compared to survival group (559.78 ± 162.23 vs. 391.29 
± 145.19 mmol/L, p = 0.000). In addition to POD1 UA level, POD1 urea, creatinine and FBG level were all
signi�cant risk factors for 30-days mortality (p 0.05).
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Table 3
Pre-operative and post-operative day 1 laboratory variables for 30-days mortality of AAD patients.

Variables 30-days Mortality Group (n = 30) Survival Group (n = 179) P value

Pre-operative Data      

WBC Count (10^9 /L) 12.66 ± 4.27 11.83 ± 4.08 0.301

Neutrophil/

lymphocyte ratio

10.62 ± 6.37 11.00 ± 8.39 0.776

RBC Count (10^9 /L) 4.35 ± 0.56 6.83 ± 26.38 0.606

PLT (10^9 /L) 158.23 ± 65.93 172.30 ± 70.85 0.298

Hb (g/L) 129.80 ± 16.80 126.51 ± 20.45 0.390

Albumin (g/L) 39.58 ± 3.55 38.87 ± 4.96 0.432

DBIL (umol/L) 6.83 ± 3.27 7.03 ± 4.08 0.804

ALT (U/L) 147.88 ± 489.86 48.99 ± 124.74 0.281

AST (U/L) 241.18 ± 578.98 63.68 ± 193.05 0.107

Urea (mmol/L) 8.12 ± 2.65 7.34 ± 3.47 0.262

UA (µmol/L) 433.80 ± 152.59 373.46 ± 108.31 0.038*

Creatinine (µmol/L) 139.14 ± 61.42 119.15 ± 75.41 0.157

Glucose (mmol/L) 8.31 ± 2.63 7.77 ± 2.50 0.760

PT (s) 15.47 ± 2.49 14.82 ± 2.80 0.203

APTT (s) 36.07 ± 5.05 36.68 ± 17.32 0.933

D-Dimer (ug/L ) 2.42 ± 3.37 2.00 ± 2.81 0.473

FBG (g/L) 2.66 ± 1.41 3.45 ± 2.00 0.010*

FDP (g/L) 26.09 ± 24.27 17.13 ± 20.42 0.123

CTnI (µg/L) 5.95 ± 18.45 0.40 ± 2.79 0.195

NT-pro BNP (ng/L) 1131.14 ± 1145.93 1587.72 ± 3829.33 0.608

Post-operative Day 1 Data    

Urea (mmol/L) 17.89 ± 7.64 14.44 ± 5.29 0.033*

Data are expressed as mean ± SD. WBC = white blood cell; RBC = red blood cell; PLT = platelet; Hb = 
hemoglobin; DBIL = direct bilirubin; ALT = alanine aminotransferase

; AST = aspartate transaminase; UA = uric acid; PT = prothrombin time; APTT = partial prothrombin
time; FBG = �brinogen; FDP = �brin degradation products; *: P < 0.05 vs. Survival group.
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Variables 30-days Mortality Group (n = 30) Survival Group (n = 179) P value

Creatinine (µmol/L) 275.42 ± 104.23 175.06 ± 93.78 0.000*

UA (µmol/L) 559.78 ± 162.23 391.29 ± 145.19 0.000*

FBG (g/L) 2.50 ± 0.91 2.88 ± 1.24 0.134

Data are expressed as mean ± SD. WBC = white blood cell; RBC = red blood cell; PLT = platelet; Hb = 
hemoglobin; DBIL = direct bilirubin; ALT = alanine aminotransferase

; AST = aspartate transaminase; UA = uric acid; PT = prothrombin time; APTT = partial prothrombin
time; FBG = �brinogen; FDP = �brin degradation products; *: P < 0.05 vs. Survival group.

Since univariate analyses showed cerebral malperfusion, pre-operative UA and FBG, CPBT and ACCT,
POD1 creatinine, urea and UA were risk factors associated with 30-days mortality of AAAD repair.
Stepwise elimination method analysis on binary logistic regression were conducted, the results (Table 4)
only illustrated cerebral malperfusion and POD1 UA level as independent risk factors for 30-days
mortality of AAAD repair, with ORs, (95% CI) of 7.937 (1.252–50.323) and 1.006 (1.003–1.009),
respectively. Next, in order to test the predictive value, POD1 UA was subjected to receiver operating
characteristic (ROC) curve. As shown in Fig. 1, POD1 UA level provided a positive predictive value with an
area under the curve of 0.799. Its optimum cutoff value obtained by ROC curve was 500.15 µmol/L, with
a sensitivity of 64% and a speci�city of 86%.

Table 4
Logistic regression analysis of risk factors for 30-days mortality.

Variables Beta Coe�cient Standard Error Odds Ratios

(95% CI)

P value

Cerebral Malperfusion 2.072 0.942 7.937 (1.252–50.323) 0.028*

POD1 UA 0.006 0.001 1.006 (1.003–1.009) 0.000*

POD1 UA = post-operative day 1 uric acid; *: P < 0.05 in logistic regression analysis.

Apparently, the patients that developed post-operative complications were more likely to die within 30-
days. To evaluate the association of serum UA level with 30-days complications morbidities outcome, all
variables above were constructed into the univariate analysis model. The signi�cant risk variables were
listed in Table 5. Compared with the group without complications, the complications group had more IHD
and malperfusion manifestations, underwent more CPBT, longer prothrombin time and lower FBG.
Moreover, patients with post-operative complications had higher admission urea, creatinine, UA and POD1
urea, creatinine, UA level. However, in a multivariate model (Table 6), CPBT and POD1 creatinine not POD1
UA were independent risk factors 30-days complications morbidities, suggesting that the predictive role of
POD1 UA in 30-days mortality of AAAD repair patients is independent of the 30-days complications
morbidities.
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Table 5
The risk factors for post-operative 30-days complications morbidities of AAAD repair patients.

Variables 30-days Complications Group
(n = 116 )

Non- Complications
Group (n = 93)

X2 P value

Clinical data        

IHD 4(3.4) 12(12.9) 9.401 0.002

Malperfusion 22(19.0) 8(8.6) 4.472 0.034

Perioperative data        

CPBT(min) 208.33 ± 6.14 183.50 ± 4.35   0.009

Hospital Stay(d) 20.37 ± 1.38 16.00 ± 0.90   0.002

Pre-operative laboratory data      

Urea(mmol/L) 7.98 ± 0.35 6.79 ± 0.27   0.010

UA(µmol/L) 400.85 ± 11.72 358.60 ± 10.49   0.008

Creatinine(µmol/L) 134.32 ± 7.99 106.54 ± 5.30   0.008

PT(s) 15.35 ± 0.31 14.36 ± 0.16   0.006

FBG(g/L) 3.04 ± 0.17 3.71 ± 0.21   0.020

Post-operative day 1 laboratory data      

Urea(mmol/L) 16.35 ± 0.59 13.14 ± 0.49   0.000

UA(µmol/L) 455.59 ± 16.38 362.72 ± 12.84   0.000

Creatinine(µmol/L) 211.33 ± 10.89 148.59 ± 6.65   0.000

Data are expressed as mean ± SD or n (%). CVD = cerebrovascular disease; IHD = ischemic heart
disease; CPBT = cardiopulmonary bypass time; UA = uric acid; PT = prothrombin time; FBG = 
�brinogen; *: P < 0.05 vs. Survival group.

Table 6
Logistic regression analysis of risk factors for 30-days complications morbidities.

Variables Beta Coe�cient Standard Error Odds Ratios

(95% CI)

P value

CPBT 0.008 0.004 1.008 (1.000-1.016) 0.043*

POD1 Creatinine 0.014 0.003 1.014 (1.008–1.020) 0.000*

CPBT = cardiopulmonary bypass time; *: P < 0.05 in logistic regression analysis.

Discussion
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In this study, we �rstly revealed pre- and post-operative hyperuricemia as risk factors for worsened
outcomes in AAAD patients, who underwent surgery. And, it is also the very �rst-time regarding POD1 UA
level as a predictor for 30-days mortality of AAAD repair patients, which is independent of the 30-days
complications morbidities.

AAAD is a medical emergency that requires acute surgical repair. Despite many improvements in the care
of AAAD patients and advanced technical repair procedures, the 30- days mortality after surgery remains
very high,21,22 which makes early perioperative detecting and crucial treatment implementation become
imperative goals for improving AAAD repair short-term mortality. By screening and analyzing all
perioperative data from 209 AAAD repair patients, our study has uncovered pre-operative UA level is a risk
factor and POD1 UA level exceeding 500.15 mmol/L may independently predicts 30-days mortality. From
this point, we emphasize the importance of closely monitoring UA of AAAD patients after repair surgery to
detect early mortality risk and improve survival outcomes.

In comparison with Western countries, hyperuricemia is common in China7,8 and has been reported to be
related to many cardiovascular diseases.9–11 So far, serum UA level has been reported to be associated
with adverse outcomes including mortality within the cardiovascular disease population.23 However,
limited research has shown the relationship between UA and AD.24,25 One study from Li, X. et al.
suggested that increased level of UA found in AD patients might be an independent risk factor of AD.24

Since renal dysfunction is one of the most common and severe complications of AD,26,27 renal excretion
of serum-insoluble purine metabolite ,UA, may be interrupted or even worsen after repair surgery, leading
to a sharp rise in UA levels. Furthermore, the elevated level and deposition of UA produced from xanthine
oxidase activity represent ROS overproduction and proin�ammatory activities, which is an indispensable
part in endothelial dysfunction through decreasing nitric oxide production,28–30 Thus, the endothelial
dysfunction and systemic in�ammatory activation induced by hyperuricemia may be one explanation of
high short-term morality of AAAD repair patients. Here, our novel research revealed POD1 UA level could
independently predict 30-days mortality of AAAD patients after surgery, which was non-related 30-days
post-operative complications morbidity. This result suggests elevated POD1 UA may originate from
increased xanthine oxidoreductase activity more than renal underexcretion, which might account for
acute surgical attack and reperfusion injury after AAAD repair surgery. However, the underlying
mechanism needs to be experimentally investigated in the future.

Recent years, a series of biomarkers including matrix metalloproteinases, TGF-β, creatine kinase, D-dimer,
C-reactive protein and sST2 have been reported to serve as possible perioperative prognostic factors for
AAAD.14–16 Several studies reported biomarkers for 30-days mortality of AAAD patients were
in�ammatory related molecules such as elevated WBCs, neutrophil–to-lymphocyte ratio and CRP.31–33 In
addition, other laboratory variables including admission D-dimer, creatinine, PLT count, serum lactic acid
level 32,34,35 were also mentioned of this predictive value. Whereas in our study, no signi�cant differences
of WBC count, neutrophil–to-lymphocyte ratio, platelet count, D-dimer, creatinine were observed between
30-days morality group and survival group. The controversial results may differ based upon different
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clinical institutions and study population. Moreover, the risk factors displayed in our research for 30-days
mortality included cerebral malperfusion, CPBT, ACCT, complications of heart, kidney and brain, hospital
stay, admission serum UA and FBG level, POD1 urea and creatinine level. In addition to POD1 UA level,
cerebral malperfusion was another predictor of 30-days mortality in our patients. These results are in line
with other previous studies,26,27,36−39 implying our research as credible. Additionally, POD1 UA level as an
independent predictor raises the possibility that targeting therapy to reduce or prevent initial increase of
UA may improve short-term outcomes. Some researchers have explored the utility of allopurinol or
febuxostat as potential treatments for cardiac complications after sugery.40,41 It shed lights on the
possibility of utilizing antigout drugs such as allopurinol or febuxostat to reduce hyperuricemia and
prevent AAAD 30-days mortality in the future.

There are a few limitations of our study. Firstly, it is a single-center retrospective study with small
population. Our results may not be generalized to patients in other centers because patient volume and
experiences in perioperative treatment and surgical intervention of AAAD might be vary depending on
clinical centers. In spite of careful statistical design, a retrospective study with limited population is prone
to be partially offset. The predictive accuracy of POD1 UA should be validated in a large population, or
another cohort and different populations. Finally, the study was developed from data focused only on
AAAD patients with surgery. It is unknown whether this conclusion could apply to all types of AD patients
or other aorta replacement surgery. In the future, we plan to explore the predictive value of POD1 UA level
in a large clinical study containing type B AD patients and patients, who have undergone general aortic
surgery.

Conclusion
Pre- and post-operative hyperuricemia are potentially associated with worsened outcomes in AAAD
surgery patients. The POD1 UA level has a predictive role in 30-days mortality in AAAD repair patients.

Abbreviations
UA: uric acid; AAAD: acute type A aortic dissection; POD1: post-operative day 1; ROC: receiver operating
characteristic curves; AUC: areas under the curves; CI: con�dence interval; AD: aortic dissection; ICU:
intensive care unit; SD: standard deviation; CPBT: cardiopulmonary bypass time; ACCT: aortic crossclamp
time; WBC: white blood cell; RBC: red blood cell; PLT: platelet; Hb: hemoglobin; DBIL: direct bilirubin; ALT:
alanine aminotransferase; AST: aspartate transaminase; PT: prothrombin time; APTT: partial prothrombin
time; FDP: �brin degradation products; FBG: �brinogen; CTnl: cardiac troponin I; BNP: brain natriuretic
peptide; OR: odd ratio; IHD: ischemic heart disease; sST2: soluble ST2; CRP: C-reactive protein; TCA: total
circulatory arrest.

Declarations



Page 12/15

The ethics committee of Xiangya hospital, Central South University approved the reporting of information
obtained from our retrospective study. The authors declare that they have no competing interests. For
Authors' contributions: (I) Designed research/study: WJL; (II) Collected data: QHH, LJH, DKW and XLC; (III)
Administrative support: GQL and WJL; (IV) Data analysis and interpretation; Manuscript writing: QX and
SLM; The consent for publication and Acknowledgment are not applicable. No funding was support for
the study. The data that support the �ndings of this study are available from the Xiangya hospital, but
restrictions apply to the availability of these data, which were used under license for the current study,
and so are not publicly available. Data are however available from the authors upon reasonable request
and with permission of Xiangya hospital.

References
1. Elsayed RS, Cohen RG, Fleischman F, Bowdish ME. Acute Type A Aortic Dissection. Cardiol Clin.

2017;35(3):331–45.

2. Kosuge M, Kimura K, Uchida K, Masuda M, Tamura K. Clinical Implications of Electrocardiograms for
Patients With Type A Acute Aortic Dissection. Circ J. 2017;81(9):1254–60.

3. Gold�nger JZ, Halperin JL, Marin ML, Stewart AS, Eagle KA, Fuster V. Thoracic aortic aneurysm and
dissection. J Am Coll Cardiol. 2014;64(16):1725–39.

4. Wang W, Duan W, Xue Y, Wang L, Liu J, Yu S, Yi D. Clinical features of acute aortic dissection from
the Registry of Aortic Dissection in China. J Thorac Cardiovasc Surg. 2014;148(6):2995–3000.

5. Xia L, Li JH, Zhao K, Wu HY. Incidence and in-hospital mortality of acute aortic dissection in China:
analysis of China Health Insurance Research (CHIRA) Data 2011. J Geriatr Cardiol. 2015;12(5):502–
6.

�. Hagan PG, Nienaber CA, Isselbacher EM, Bruckman D, Karavite DJ, Russman PL, et al. The
International Registry of Acute Aortic Dissection (IRAD): new insights into an old disease. JAMA.
2000;283(7):897–903.

7. Liu R, Han C, Wu D, Xia X, Gu J, Guan H, et al. Prevalence of Hyperuricemia and Gout in Mainland
China from 2000 to 2014: A Systematic Review and Meta-Analysis. Biomed Res Int.
2015;2015:762820.

�. Kuo CF, Grainge MJ, Zhang W, Doherty M. Global epidemiology of gout: prevalence, incidence and
risk factors. Nat Rev Rheumatol. 2015;11(11):649–62.

9. Kanbay M, Segal M, Afsar B, Kang DH, Rodriguez-Iturbe B, Johnson RJ. The role of uric acid in the
pathogenesis of human cardiovascular disease. Heart. 2013;99(11):759–66.

10. Gagliardi AC, Miname MH, Santos RD. Uric acid: A marker of increased cardiovascular risk.
Atherosclerosis. 2009;202(1):11–7.

11. Ndrepepa G. Uric acid and cardiovascular disease. Clin Chim Acta. 2018;484:150–63.

12. Maiuolo J, Oppedisano F, Gratteri S, Muscoli C, Mollace V. Regulation of uric acid metabolism and
excretion. Int J Cardiol. 2016;213:8–14.



Page 13/15

13. Ejaz AA, Beaver TM, Shimada M, Sood P, Lingegowda V, Schold JD, et al. Uric acid: a novel risk factor
for acute kidney injury in high-risk cardiac surgery patients? Am J Nephrol. 2009;30(5):425–9.

14. Suzuki T, Distante A, Eagle K. Biomarker-assisted diagnosis of acute aortic dissection: how far we
have come and what to expect. Curr Opin Cardiol. 2010;25(6):541–5.

15. Suzuki T, Distante A, Eagle K. Biomarker-assisted diagnosis of acute aortic dissection: how far we
have come and what to expect. Curr Opin Cardiol. 2010;25(6):541–5.

1�. Giachino F, Loiacono M, Lucchiari M, et al. Rule out of acute aortic dissection with plasma matrix
metalloproteinase 8 in the emergency department. Crit Care. 2013;17(1):R33.

17. Chen XF, Tang LJ, Jiang JJ, Jiang J, Hu XY, Yu WF, et al. Increased levels of lipoprotein(a) in non-
smoking aortic dissection patients. Clin Exp Med. 2008;8(2):123–7.

1�. Takeuchi T, Adachi H, Ohuchida M, Nakamura T, Satoh A, Jacobs DR Jr, et al. A case-control study
found that low albumin and smoking were associated with aortic dissection. J Clin Epidemiol.
2004;57(4):386–91.

19. Ma WG, Zhu JM, Zheng J, Liu YM, Ziganshin BA, Elefteriades JA, et al. Sun's procedure for complex
aortic arch repair: total arch replacement using a tetrafurcate graft with stented elephant trunk
implantation. Ann Cardiothorac Surg. 2013;2(5):642–8.

20. D'Agostino RS, Jacobs JP, Badhwar V, Paone G, Rankin JS, Han JM, et al. The Society of Thoracic
Surgeons Adult Cardiac Surgery Database: 2017 Update on Outcomes and Quality [published
correction appears in Ann Thorac Surg. 2017 Mar;103(3):1041]. Ann Thorac Surg. 2017;103(1):18-24.

21. Pape LA, Awais M, Woznicki EM, Suzuki T, Trimarchi S, Evangelista A, et al. Presentation, Diagnosis,
and Outcomes of Acute Aortic Dissection: 17-Year Trends From the International Registry of Acute
Aortic Dissection. J Am Coll Cardiol. 2015;66(4):350–8.

22. Lu S, Yang S, Lai H, Zheng J, Hong T, Sun X, et al. Open aortic arch reconstruction for acute type a
aortic dissection: a single-center experience with 267 consecutive patients. J Cardiothorac Surg.
2016;11(1):111.

23. Culleton BF, Larson MG, Kannel WB, Levy D. Serum uric acid and risk for cardiovascular disease and
death: the Framingham Heart Study. Ann Intern Med. 1999;131(1):7–13.

24. Li X, Jiang S, He J, Li N, Fan Y, Zhao X, et al. Uric acid in aortic dissection: A meta-analysis. Clin Chim
Acta. 2018;484:253–7.

25. Zhang L, Zhou J, Jing Z. Serum uric acid might be associated with aortic dissection in Chinese men.
Int J Cardiol. 2016;203:420–1.

2�. Emmett M. Predicting death in patients with acute type a aortic dissection. Circulation.
2002;106(25):e224.

27. Schoenrath F, Laber R, Maralushaj M, Henzi D, Caliskan EI, Seifert B, et al. Survival, Neurologic Injury,
and Kidney Function after Surgery for Acute Type A Aortic Dissection. Thorac Cardiovasc Surg.
2016;64(2):100–7.



Page 14/15

2�. Strazzullo P, Puig JG. Uric acid and oxidative stress: relative impact on cardiovascular risk? Nutr
Metab Cardiovasc Dis. 2007;17(6):409–14.

29. Khosla UM, Zharikov S, Finch JL, Nakagawa T, Roncal C, Mu W, et al. Hyperuricemia induces
endothelial dysfunction. Kidney Int. 2005;67(5):1739–42.

30. McCord JM. Oxygen-derived free radicals in postischemic tissue injury. N Engl J Med.
1985;312(3):159–63.

31. Feng WZ, Zhou JQ, Yu GM, Zeng Y, Xu P. Association of serum cystatin C levels with mortality in
patients with acute type A aortic dissection. Oncotarget. 2017;8(60):101103–11.

32. Fan X, Huang B, Lu H, Zhao Z, Lu Z, Yang Y, et al. Impact of Admission White Blood Cell Count on
Short- and Long-term Mortality in Patients With Type A Acute Aortic Dissection: An Observational
Study. Medicine. 2015;94(42):e1761.

33. Onuk T, Güngör B, Karataş B, Ipek G, Akyüz S, Ozcan KS, et al. Increased Neutrophil to Lymphocyte
Ratio is Associated with In-Hospital Mortality in Patients with Aortic Dissection. Clin Lab.
2015;61(9):1275–82.

34. Bennett JM, Wise ES, Hocking KM, Brophy CM, Eagle SS. Hyperlactemia Predicts Surgical Mortality in
Patients Presenting With Acute Stanford Type-A Aortic Dissection. J Cardiothorac Vasc Anesth.
2017;31(1):54–60.

35. Bekkers JA, Raap GB, Takkenberg JJ, Bogers AJ. Acute type A aortic dissection: long-term results and
reoperations. Eur J Cardiothorac Surg. 2013;43(2):389–96.

3�. Chiappini B, Schepens M, Tan E, Dell' Amore A, Morshuis W, Dossche K, et al. Early and late outcomes
of acute type A aortic dissection: analysis of risk factors in 487 consecutive patients. Eur Heart J.
2005;26(2):180–6.

37. Bossone E, Rampoldi V, Nienaber CA, Trimarchi S, Ballotta A, Cooper JV, et al. Usefulness of pulse
de�cit to predict in-hospital complications and mortality in patients with acute type A aortic
dissection. Am J Cardiol. 2002;89(7):851–5.

3�. Sinatra R, Melina G, Pulitani I, Fiorani B, Ruvolo G, Marino B. Emergency operation for acute type A
aortic dissection: neurologic complications and early mortality. Ann Thorac Surg. 2001;71(1):33–8.

39. Yagdi T, Atay Y, Engin C, Mahmudov R, Tetik O, Iyem H, et al. Impact of organ malperfusion on
mortality and morbidity in acute type A aortic dissections. J Card Surg. 2006;21(4):363–9.

40. Sezai A, Soma M, Nakata K, Osaka S, Ishii Y, Yaoita H, et al. Comparison of febuxostat and
allopurinol for hyperuricemia in cardiac surgery patients with chronic kidney disease (NU-FLASH trial
for CKD). J Cardiol. 2015;66(4):298–303.

41. Castelli P, Condemi AM, Brambillasca C, Fundarò P, Botta M, Lemma M, et al. Improvement of cardiac
function by allopurinol in patients undergoing cardiac surgery. J Cardiovasc Pharmacol.
1995;25(1):119–25.

Figures



Page 15/15

Figure 1

Receiver operating characteristics curve assessing the predictive ability of post-operative day 1 uric acid
level in 30-days mortality of AAAD repair patients.


