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Abstract

Introduction: Postoperative acute kidney injury (AKI) occurs
in 20-40% of acute type A aortic dissection (ATAAD) patients
undergoing cardiac surgery. A predictive model could be de-
veloped to assess the probability of AKlin patients with ATA-
AD before and after cardiac surgery in a timely manner.
Methods: This retrospective study enrolled a total of 224 pa-
tients with ATAAD. Patients were subjected to total arch re-
placement using a tetrafurcate graft with stented elephant
trunk implantation according to Sun’s procedure. Statistical
comparison for the collected data was done with Student’s t
test or Mann-Whitney U test (continuous variables) and x?
test (categorical variables). The independent predictors
were screened by multivariate logistic regression analysis
and then incorporated into a nomogram. The reliability of
cardiac surgery-associated AKI (CSA-AKI) models was evalu-
ated using the area under the receiver operating character-
istic curve (AUC). Results: This study enrolled 224 ATAAD pa-
tients, including 53 patients with AKl and 171 patients with-

out AKI. The incidence of ATAAD-induced AKl in the cohort
was 23.66%. The screened predictors for AKl include iliac ar-
tery involvement, creatinine, D-dimer, autotransfusion,
platelet-rich plasmareinfusion, nasal temperature, red blood
cells, fresh frozen plasma, drainage, and mechanical ventila-
tion. The calculated AUC values for model 1, model 2, model
3, and model 4 were 0.710, 0.777, 0.827, and 0.848, respec-
tively. Model 4 was optimum for AKI risk scoring compared
with model 1, model 2, and model 3. Conclusions: AKI pre-
diction models were established for ATAAD patients using
preoperative, intraoperative, and postoperative informa-
tion. Particularly, model 4 shows superiority in risk predic-

tion for CSA-AKI. ©2022 The Author(s).

Published by S. Karger AG, Basel

Introduction
Acute kidney injury (AKI) is a common perioperative
complication in patients undergoing cardiac surgery.
AKI complicates the course of 20-40% of patients admit-

ted to cardiac surgery [1-5]. According to the cardiorenal
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syndrome (CRS) classification reported in 2019, cardiac
surgery-associated AKI (CSA-AKI) is classified as the
type 1 form of CRS [6]. CSA-AKI is defined as a bidirec-
tional situation characterized by pathophysiologic disor-
ders occurring in the heart and kidneys [6, 7]. Type 1 CRS
reflects a sudden deterioration of cardiac function that
leads to AKI [6, 7]. Based on the timing of AKI occur-
rence, CSA-AKI can be divided into two phases, the early
and the late phase [6, 7]. CSA-AKI exhibits as AKI occur-
ring before or after cardiac surgery, as well as presents as
acute and chronic CSA-AKI [6, 7]. Normal patients show
rapid overall recovery with a transient increase in serum
creatinine levels, which can then be quickly reduced to
normal levels [8]. For severe CSA-AKI patients, the AKI
condition can last for weeks or even months [8]. Severe
CSA-AKI correspondingly elevates the cost of care and
prolongs the length of stay in the intensive care unit.

Acute type A aortic dissection (ATAAD) is generally
defined as a dissection diagnosed within 14 days after the
onset of symptoms [9]. ATAAD is the most lethal of dis-
sections involving the ascending aorta [10]. The inci-
dence of ATAAD is 4-6 cases in 100,000 patients per year
in emergency departments [11], and its totally in-hospital
case-fatality rate was estimated to be 73% [12]. Prompt
surgical repair is necessary. Cardiac surgery, especially
aortic root replacement, is the first choice for patients
with ATAAD [13, 14]. Sun et al. [15] proposed a surgical
approach and named it the Sun’s procedure that inte-
grates total arch replacement using a tetrafurcated graft
with the implantation of a special stented graft in the de-
scending aorta [15, 16]. However, postoperative compli-
cations are common following ATAAD repair, like major
bleeding, stroke, pneumonia, and AKI, as reported in the
Nordic consortium for ATAAD registry [17]. Many re-
ports have shown the incidence of AKI in patients with
ATAAD after undergoing aortic root replacement [18-
20]. AKIT elevates the morbidity of postoperative patients
with ATAAD, and the morbidity due to AKI was 70-90%
[21, 22]. Postoperative continued renal replacement ther-
apy was required for 27.49% AKI patients with ATAAD
[18]. Consequently, it is necessary to evaluate the risk of
CSA-AKI for ATAAD patients and the need to continue
renal replacement therapy during the perioperative pe-
riod.

Before cardiac surgery, the diagnosis of AKI is based
upon a serum creatinine level that has been obtained
within a 3-month period preceding cardiac surgery, ac-
cording to the Kidney Disease: Improving Global Out-
comes (KDIGO) Clinical Practice Guideline for AKI [23].
Whereas risk factors for CSA-AKI come from preopera-
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tive, intraoperative, and postoperative phases, which af-
fect the outcomes of ATAAD patients after cardiac sur-
gery [18,20-22, 24]. Analysis of risk factors for CSA-AKI
via perioperative hospitalization information enables the
early identification of ATAAD patients with a high risk
of AKI before or after cardiac surgery [24, 25]. Thereafter,
clinicians can develop preventive and therapeutic strate-
gies to manage CSA-AKI patients and minimize the post-
operative complications after cardiac surgeries.

Several risk prediction models for AKI have been de-
veloped in retrospective cohort studies [26, 27]. Demo-
graphic characteristics, clinical condition, preoperative
biochemistry results, preoperative medical data, and in-
traoperative variables were included in the machine
learning for construction of the CSA-AKI risk prediction
model [26]. The nomogram model using independent
predictive factors accurately estimates the risk of AKI for
an individual patient receiving cardiac surgery [27]. The
Doppler renal resistive index and semiquantitative color
Doppler grade have been used to evaluate postoperative
persistent AKI after surgery in acute standard type A aor-
tic dissection patients, and its efficiency has been proved
[25]. However, there is a lack of comparative studies of
predictive models based on preoperative, intraoperative,
and postoperative factors for ATAAD patients. Our study
aimed to establish a nomogram model based on demo-
graphic characteristics, preoperative laboratory data, im-
aging examination, intraoperative monitoring results,
and postoperative records to predict AKI risk for ATAAD
patients after cardiac surgeries.

Patients and Methods

Study Population

After obtaining the approval from the Research Ethics Com-
mittee of Tianjin Chest Hospital, we performed this retrospective
study on ATAAD patients who had undergone cardiac surgery
from 1 January 2017 to 1 January 2020. In this study, we enrolled
a total of 224 patients with ATAAD demonstrated by computed
tomography angiography and color Doppler ultrasound. Patients
were subjected to total arch replacement using a tetrafurcate graft
with stented elephant trunk implantation according to Sun’s pro-
cedure [28]. The exclusion criteria were a previous history of trau-
matic and iatrogenic aortic dissection, aortic aneurysm, Marfan’s
syndrome, complication of blood system disease, and patients un-
dergoing any of the following conditions: dialysis treatment, brain
infarction, emerging cerebral infarction and hemorrhage, acute
myocardial infarction with unstable hemodynamics (>6 h), and
the time from onset to operation more than 14 days. The flow chart
of the inclusion and exclusion in this study is shown in Figure 1.
The diagnosis of AKI was based on the 2012 KDIGO AKI defini-
tion [29]. According to the 2012 KDIGO AKI definition, AKI is
defined as any of the following: an increase in serum creatinine by
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Initial cohort
ATADD patients (n = 248)

v

Excluded
Traumatic or iatrogenic dissection (n = 2)
Aneurysm and aortic dissection (n = 6)
Preoperative coma (n = 6)
Preoperative acute myocardial infarction (n = 5)
Leukemia receiving chemotherapy (n = 2)
Spontaneous disease more than 14 days (n = 3)

y

Included
ATADD patients (n = 224)

17

Fig. 1. Flow chart suggesting the inclusion
and exclusion criteria in the study cohort.

ATADD patients with AKI
ATADD patients with a diagnosis of
AKI within 1 week after cardiac
surgery (n = 53)

ATADD patients without AKI
Aortic dissection patients without a
diagnosis of AKI after cardiac
surgery (n = 171)

AKI, acute kidney injury; ATAAD, acute
type A aortic dissection.

>0.3 mg/dL (=26.5 pmol/L) within 48 h; or an increase in serum to
>1.5 times baseline, which is known or presumed to have occurred
within the prior 7 days; or urine volume <0.5 mL/kg/h for 6 h. In
this study, patients with a rise in serum creatinine to more than 3
times the preoperative basal value were diagnosed with AKI. AKI
patients were diagnosed within 1 week after cardiac surgery.

Data Collection

The clinical characteristics were extracted and collected from
the cardiac surgery database in our hospital. The collected data in-
cluded demographic characteristics, comorbidities, preoperative
laboratory values, preoperative radiologic characteristics, and op-
erative and postoperative outcomes.

Statistical Analysis

All data were processed using IBM SPSS Statistics software
(Version 26; IBM SPSS, Chicago, IL, USA) and R software (Ver-
sion 4.03; https://www.r-project.org). Continuous variables were
presented as mean + standard deviation or median (interquartile
range). Student’s f test or Mann-Whitney U test were done for sta-
tistical comparisons of the continuous variables. In terms of cate-
gorical variables, the data were suggested as frequency (percent-
age), and x* test was performed for statistical comparison.

The variables with p values <0.1 were selected as the indepen-
dent factors and incorporated into a multivariate logistic regres-
sion analysis. A forward-elimination model selection procedure
was done on the basis of the Wald test to screen the final subset of
variables. The Akaike information criterion and Bayesian infor-
mation criterion were used to demonstrate the favorable model fits
statistics. The detected factors including demographic character-
istics and comorbidities, preoperative laboratory values, preopera-
tive radiologic characteristics, operative data, and postoperative
outcomes were used to establish a risk scoring model. In detail,

Sun’s Procedure-Induced AKI in ATAAD
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model 1 was constructed based on preoperative indexes including
clinical characteristics, laboratory values, and radiologic features;
model 2 on preoperative and operative characteristics; model 3 on
preoperative, operative, and postoperative features; and model 4
on operative and postoperative indicators. The area under the re-
ceiver operating characteristic curve (AUC) and the receiver oper-
ating curve were used to assess the reliability of the risk scoring
model of AKI for ATAAD before and after Sun’s procedure. The
risk scoring model was visualized as nomograms. A calibration
curve was plotted to evaluate the reliability of the risk scoring mod-
el for AKI associated with ATAAD.

Results

Patients’ Characteristics and Risk Factor Analysis for

CSA-AKI

In this study, we enrolled 224 patients to construct the
risk scoring model for CSA-AKI. The incidence of CSA-
AKI in the cohort was 23.66%. The enrolled patients have
received total arch replacement using a four-branched
graft with the implantation of a stented elephant trunk
according to Sun’s procedure. Demographical and clini-
cal variables were analyzed to screen predictors for risk
prediction model construction.

For demographics, CSA-AKI was associated with ad-
vanced age (f = —1.833, p = 0.068), hypertension (x*=
2.776, p =0.096), and hospital length of stay before surgery
(Z=-3.049, p=0.002) (Table 1). Several preoperative lab-
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Table 1. Demographic characteristics and comorbidities of ATAAD patients before receiving Sun’s procedure

Demographics and comorbidities AKl (n =53) Non-AKl (n=171) Significance test
Age, years 55.23+£12.25 51.88+11.40 t=-1.833,p=0.068
Male, n (%) 38(71.7) 134 (78.4) x>=1.008,p=0.315
BMI 26.98+3.39 26.78+4.19 t=-0.324,p=0.746
Smoker, n (%) 29 (54.7) 79 (46.2) x>=1.176,p=0.278
Alcohol drinker, n (%) 13 (24.5) 39(22.8) x%>=0.067, p=0.795
Hypertension, n (%) 42 (79.2) 115 (67.3) )(2 =2.776,p=0.096
Diabetes mellitus, n (%) 0(0.0) 5(2.9) p=0.594

Stroke, n (%) 4(7.5) 11(6.4) p=0.758

Peripheral tamponade, n (%) 42(79.2) 116 (67.8) X>=2.534,p=0.111
Previous aortic operation, n (%) 1(1.9) 4(2.3) p=1.000
Hypotension, n (%) 40 (75.5) 116 (67.8) X>=1.116,p =0.291

Hospital length of stay before surgery

13.0(8.0,18.5)

18.0(10.0, 32.0)

Z=-3.049, p=0.002

BMI, body mass index; AKI, acute kidney injury. Values are counts (%), mean + standard deviation, or time range

(day). Statistical analysis was done with T test, x? test, or U test.

Table 2. Preoperative laboratory values of ATAAD patients receiving Sun’s procedure

Laboratory values AKI (n =53) Non-AKI (n=171) Significance test
WBC, x10°%/L 12.54+3.83 11.37+3.62 t=-2.032,p=0.043
Neutrophil, x10°%/L 10.84+3.75 10.36+7.93 t=-0.429, p = 0.669
Lymphocyte, x10°/L 0.98+0.66 1.03+0.66 t=0.444,p =0.657
NLR 15.51+£11.59 13.14+9.69 t=-1.482,p=0.140
RBC, x10°/L 4.09+0.50 4.26+0.61 t=1.860, p = 0.064
Hb, g/L 119.43+30.49 122.13+37.83 t=0.474,p=0.636
RDW, fL 42.85+3.22 42.47+3.50 t=-0.705,p=0.482
PLT, x10%/L 165.47+60.43 180.28+68.84 t=1.406,p=0.161
MPV, fL 10.44+0.93 10.46+1.08 t=0.303,p=0.923
hsCRP, mg/L 8.61(3.61,12.25) 10.20 (3.54, 22.10) Z=-1.018 p=0.309
CK, n (%) 16 (30.2) 35(20.5) X2 =2.174,p=0.140
CK-MB, n (%) 16 (30.2) 28 (16.4) x> =4.892, p=0.027
Creatinine, umol/L 132.57+£92.42 92.65+40.54 t=-3.054, p=0.003
Uric acid, pmol/L 377.28+118.78 342.56+116.11 t=-1.892, p=0.060
GGT, U/L 25.90(17.75, 37.35) 28.00 (16.60, 47.70) Z=-0.646,p=0.528
D-dimer, pg/L 12.20 (5.55, 20.00) 6.97 (3.30,12.77) Z=-2.858,p=0.004

NT-proBNP, pg/mL

459.80 (235.25, 826.65)

387.60 (182.10, 768.80)

Z=-0.803,p=0.422

Hs-cTnT, n (%) 26 (49.1) 83 (48.5) x> =0.004, p =0.947
ALT, U/L 19.60 (11.45, 38.15) 18.60 (11.70, 30.80) Z=-0.776,p =0.438
AST, n (%) 18 (34.0) 28(16.4) X?=7.670, p = 0.006
Triglyceride, mmol/L 3.67+0.58 4.00+1.03 t=2.963, p=0.004

Cholesterol, mmol/L
HDLC2, mmol/L
LDL2, mmol/L

1.32(1.12,1.91)
1.19(1.04, 1.46)
2.60(2.20,2.92)

1.26 (1.01, 1.73)
1.20(1.09, 1.45)
2.56 (2.15,3.09)

Z=-1.325,p=0.185
Z=-0.382,p=0.702
Z=-0.289,p=0.773

€202 1snbny z0 uo 1senb Aq ypd°L06%25000/G2E60LE/LL LIE/Z L /PA-8I0E/WI0/W0d" J8618Y MMM//:dRY WOl papeojumoq

WBC, white blood cells; NLR, neutrophil-to-lymphocyte ratio; RBC, red blood cell; Hb, hemoglobin; RDW, red cell
distribution width; PLT, platelets; MPV, mean platelet volume; hsCRP, high sensitivity C-reactive protein; CK, cre-
atine kinase; CK-MB, creatine kinase-isoenzyme; GGT, gamma glutamyltransferase; NT-proBNP, N-terminal pro-B-
type natriuretic peptide; Hs-cTnT, hypersensitive cardiac troponin T; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; HDLC2, high-density lipoprotein cholesterol 2; LDL2, low density lipoprotein 2; AKI, acute kidney
injury. Values are counts (%) and meanzstandard deviation. Statistical analysis was done with T test, x? test, or U
test.
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Table 3. Preoperative radiologic characteristics of ATAAD patients receiving Sun’s procedure

AKI (n=53) Non-AKI (n=171) Significance test

Coronary involvement, n (%) 18 (34.0) 43 (25.1) x*>=1.587,p=0.208
Innominate artery involvement, n (%) 26 (49.1) 68 (39.8) )(2 =1.434,p=0.231
Left common carotid artery involvement, n (%) 24 (45.3) 70 (40.9) x>=0.314,p=0.575
Left subclavian artery involvement, n (%) 33(62.3) 90 (52.6) Xx>=1.516,p=0.218
Coeliac trunk involvement, n (%) 13 (24.5) 35(20.5) X2 =0.396, p=0.529
Superior mesenteric artery involvement, n (%) 8(15.1) 31(18.1) )(2 =0.259,p=0.611
Renal artery involvement, n (%) 25 (47.2) 69 (40.4) X2 =0.782,p=0.379
lliac artery involvement, n (%) 27 (50.9) 51(29.8) x*>=7.951,p =0.005
AS,2n (%) 0(0.0) 1(0.6) p =1.000

Al2n (%) 25 (47.2) 54 (31.6) x?=4.038, p=0.038
MI,2n (%) 0(0.0) 4(2.3) p=0.575

MS,2n (%) 0(0.0) 1(0.6) p =1.000
Ascending aortic diameter,? mm 44.74+7.23 45.92+7.25 t=1.043,p=0.298
Aortic sinus diameter,® mm 45.11+6.20 44.22+6.23 t=0911,p=0.363
LAD,2 mm 36.82+5.00 36.73+£5.10 t=0.018,p=0.986
LVEDD,® mm 52.58+6.73 51.50+6.13 t=-1.102, p=0.271
LVEF,2 % 54.4746.52 55.89+5.06 t=1.665,p=0.097

MS, mitral stenosis; MI, mitral insufficiency; Al, aortic insufficiency; AS, aortic stenosis; UCG, ultrasonic cardio-
gram; LAD, left atrial diameter; LVEDD, left ventricular end-diastolic dimension; LVEF, left ventricular ejection frac-
tion; AKI, acute kidney injury. 2 Analysis by UCG. Values are counts (%), mean =+ standard deviation. Statistical anal-

ysis was done with T test or ¥ test.

Table 4. Intraoperative data of ATAAD patients receiving Sun'’s procedure

AKl (n=53) Non-AKl (n=171) Significance test

CPBT, min 177.76+63.37 166.02+34.90 t=-1.684, p=0.097
ACCT, min 100.14+25.95 96.04+22.53 t=-1.145p=0.254
DHCAT, min 9.00 (7.00, 12.00) 10.00 (7.00, 21.00) Z=-1.278,p=0.201
Nasal temperature, °C 25.81+1.69 25.34+1.82 t=-1.774,p=0.077
Anal temperature, °C 27.39+1.61 27.41+1.88 t=0.082, p=0.942

Amount of hemorrhage, mL 1,240 (945, 1,900) 1,200 (980, 1,400) Z=-1.188,p=0.235
Amount of PRP reinfusion, U 1.60+0.78 1.46+0.82 t=-1.206,p=0.229
Amount of autotransfusion, mL 990.0 (767.5,1,660.3)  900.0 (700.0,1,100.0) Z=-1.533,p=0.025
Amount of RBC, U 0.0 (0.0, 2.0) 0.0(0.0,2.0) Z=-2.566,p=0.010

FFP volume, mL

355.0 (0.0, 700.0)

580.0 (350.0, 752.5) Z=-2.920,p=0.003

CPBT, cardiopulmonary bypass time; ACCT, aortic cross-clamp time; DHCAT, deep hypothermic circulatory ar-
rest time; PRP, platelet-rich plasma; RBC, number of red blood cells transfused during cardiac surgery; FFP, fresh
frozen plasma; AKI, acute kidney injury. Values are mean + standard deviation or number range. Statistical analysis

was done with T test or U test.

oratory variables were closely correlated with a higher risk
of AKI in patients receiving cardiac surgery, including in-
creased white blood cells (# = -2.032, p = 0.043), creatinine
(t = -3.054, p = 0.003), uric acid (t = —1.892, p = 0.060),
and D-dimer (Z = -2.858, p = 0.004), as well as decreased
red blood cells (t = 1.860, p = 0.064) and triglyceride con-
tent (t=2.963, p =0.004). The results suggested a high risk

Sun’s Procedure-Induced AKI in ATAAD
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of CSA-AKI was associated with the positive detection of
aspartate aminotransferase (x*= 7.670, p = 0.006) and cre-
atine kinase-isoenzyme (x°= 4.892, p = 0.027) (Table 2).
According to the preoperative radiologic characteristics,
patients with iliac artery involvement (x*= 7.951, p =
0.005) and aortic insufficiency (x°= 4.038, p = 0.038) have
an increased risk of AKI (Table 3).
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Table 5. Postoperative outcomes of ATAAD patients receiving Sun’s procedure

AKI (n=53) Non-AKl (n=171) Significance test
Ventilator application (>48 h), n (%) 42 (82.4) 46 (27.7) x*>=36.011, p < 0.001
Off the ventilator, n (%) 34 (58.6) 156 (94.0) x> =41.731,p < 0.001

Time of mechanical ventilation, h
Cerebral perfusion, mL/kg-min
24-h postoperative drainage, mL
Hospital length of stay, days

92.5(39.9,177.8)

9.0 (7.00, 12.0)

870.0 (577.5,1,082.5)
16 (11, 24)

36.0 (14.0,77.3)
10.0 (7.0, 21.0)
700.0 (450.0, 960.0)
15(11, 20)

Z=-4792,p < 0.001
7=-1292,p=0.196
Z=-3.000, p = 0.003
7=-0.733,p=0.464

Values are counts (%) or number range. Statistical analysis was done with 2 test or U test. AKI, acute kidney injury.

0 10 20 30 40 50 60 70 80 90 100
Points Lo b b b b b b b b b |
1
lliac artery involvement | !
0
1
Creatinine !
0
D-dimer T T T T T T T T T T 1
0 2 4 6 8 0 12 14 16 18 20 22
Total POintS M T T T T[T T[T T[T T[T T T[T T T[T T[T T T[T T T[T T TTTT]
0 20 40 60 80 100 120 140 160 180 200 220 240
CSA-AKlrate ; ; ; ; !
a 0.1 0.2 0.3 0.4 0.5 0.6
1.0
> 08
=
. R 8 061
Fig. 2. Nomogram (a) and calibration o
curve (b) of risk prediction model 1 for Ti‘ 04 -
3 3
AKI of A"l;lAl;AD C{)atlents. The model (\iyas E ,,,,,,,,,, Apparent
constructed based on preoperative predic- 0.2 Bias-corrected
tors (iliac artery involvement, and serum e deal
creatinine, D-dimer). AUC value = 0.710. 0. : : : : :
AUC, area under the receiver operating 0 0.2 04 0.6 0.8 1.0
characteristic curve; AKI, acute kidney in- b bredicted probability (CSAAK] = 1
jury; ATAAD, acute type A aortic dissec- redicted probability (CSA-AKI = 1)
tion.

Intraoperative data indicated that patients with in-
creased cardiopulmonary bypass time (t = —-1.684, p =
0.097), elevated nasal temperature (t = —-1.774, p =
0.077), increased autotransfusion (Z = -1.533, p =
0.025), increased number of red blood cells transfused
during cardiac surgery (Z = —2.566, p = 0.010), and de-
creased fresh frozen plasma transfused during surgery
(Z =-2.920, p = 0.003) showed a potential in CSA-AKI
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(Table 4). For postoperative outcomes, the extended
time of ventilator application (x*= 36.011, p < 0.001),
mechanical ventilation (Z = —4.792, p < 0.001), reliance
on ventilator (x?=41.731, p < 0.001), increased drainage
(Z = -3.000, p = 0.003), and increased hospitalization
time (Z = —0.733, p = 0.464) indicated an elevated risk
of AKI in patients who have undergone Sun’s procedure
(Table 5).
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Fig. 3. Nomogram (a) and calibration curve (b) of risk prediction model 1 for AKI of ATAAD patients. The
model was constructed based on preoperative and intraoperative predictors (iliac artery involvement, serum cre-
atinine, D-dimer, autotransfusion, and platelet-rich plasma reinfusion). AUC value = 0.777. AUC, area under the
receiver operating characteristic curve; AKI, acute kidney injury; ATAAD, acute type A aortic dissection.

Next, we built risk scoring models according to differ-
ent classification of detecting indexes. The following
characteristics with p < 0.1 were accepted as potential risk
scoring factors for CSA-AKI: age, hypertension, hospital
length of stay before surgery, white blood cells, red blood
cells, creatine kinase-isoenzyme, creatinine, uric acid, D-
dimer, aspartate aminotransferase, triglyceride, iliac ar-
tery, aortic insufficiency, left ventricular ejection fraction,
ventilator application, mechanical ventilation, cardiopul-
monary bypass time, nose temperature, autotransfusion,

Sun’s Procedure-Induced AKI in ATAAD
Patients

number of red blood cells transfused during Sun’s proce-
dure, and fresh frozen plasma (Tables 1-5).

Risk Scoring Model Development

Thereafter, a multivariate logistic regression analysis
was performed to predict the preoperative (model 1), pre-
operative and intraoperative (model 2), intraoperative
and postoperative (model 3), as well as preoperative, in-
traoperative, and postoperative (model 4) risks of CSA-
AKI occurrence in ATAAD patients. The models incor-
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Fig. 4. Nomogram (a) and calibration curve (b) of risk prediction model 1 for AKI of ATAAD patients. The
model was constructed based on intraoperative and postoperative predictors (nasal temperature, red blood cells,
autotransfusion, fresh frozen plasma, drainage, and mechanical ventilation). AUC value = 0.827. AUC, area un-
der the receiver operating characteristic curve; AKI, acute kidney injury; ATAAD, acute type A aortic dissection.

porated iliac artery, aortic insufficiency, age, and hospital
length of stay before surgery into risk scoring for preop-
erative CSA-AKI. The detailed variables in the preopera-
tive model 1 included iliac artery involvement, creatinine,
and D-dimer. The corresponding nomogram is shown in
Figure 2a. The calibration curve for the preoperative
model revealed the consistency of the predicted CSA-AKI
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risk and the actual occurrence of CSA-AKI for ATAAD
patients (shown in Fig. 2b).

In terms of model 2, we used preoperative and intra-
operative risk factors containing iliac artery involvement,
creatinine, D-dimer, autotransfusion, and platelet-rich
plasma reinfusion, and a nomogram is shown in Figure
3a. The corresponding calibration curve is shown in Fig-
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ure 3b. Based on the
tors, a risk scoring model 3 was constructed. The relevant
parameters were nasal temperature, red blood cells, auto-
transfusion, fresh frozen plasma, drainage, and mechani-

Fig. 5. Nomogram (a) and calibration curve (b) of risk prediction model 1 for AKI of ATAAD patients. The
model was constructed based on intraoperative and postoperative predictors (iliac artery involvement, creatinine,
D-dimer, autotransfusion, platelet-rich plasma reinfusion, drainage, and mechanical ventilation). AUC value =
0.848. AUC, area under the receiver operating characteristic curve; AKI, acute kidney injury; ATAAD, acute type
A aortic dissection.

intraoperative and postoperative fac-  cal ventilation, which have been shown in the nomogram
(shown in Fig. 4a). The consistency of the predicted CSA-
AKI risk by model 3 and the actual occurrence of CSA-

AKI are shown in Figure 4b. Additionally, we constructed
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Table 6. Comparison of ATAAD-associated AKI risk scoring models based on AUC values

Test result variable, s AUC Std. error*  Asymptotic sig**  Asymptotic 95% confidence interval
lower bound upper bound

Model 1 0.710 0.041 0.000 0.629 0.792

Model 2 0.777 0.036 0.000 0.707 0.847

Model 3 0.818 0.032 0.000 0.795 0.888

Model 4 0.848 0.029 0.000 0.792 0.905

AUC, area under the curve. The test result variables (s): predicted probability has at least one tie between the
positive actual state group and the negative actual state group. Statistics may be biased. * Under the nonparamet-
ric assumption. ** Null hypothesis, true area = 0.5.

1.0 4
0.8
> 0.6
=
2
C
Q
wv 04 -
0.2 —— Model 1
Model 2
Model 3
0 — Model 4
T T T T T T
1.0 0.8 0.6 04 0.2 0
Specificity

Fig. 6. ROC curves for evaluating the risk scoring of AKI in ATA-
AD patients. ROC curves were generated based on the data from
preoperative (model 1, AUC value = 0.710), preoperative and in-
traoperative (model 2, AUC value = 0.777), intraoperative and
postoperative (model 3, AUC value = 0.818), as well as preopera-
tive, intraoperative, and postoperative (model 4, AUC value =
0.848) examination. AKI, acute kidney injury; ROC, receiver op-
erator characteristic curve; AUC, area under the receiver operating
characteristic curve; ATAAD, acute type A aortic dissection; ROC,
receiver operating curve.

a risk scoring model 4 for CSA-AKI using the variables
from preoperative, intraoperative, and postoperative ex-
amination. The parameters were suggested in the nomo-
gram including iliac artery involvement, creatinine, D-
dimer, autotransfusion, platelet-rich plasma reinfusion,
postoperative suction drainage, and hospital length of
stay (shown in Fig. 5a). Figure 5b shows the consistency
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of actual probability and predicted probability by the risk
scoring model 4.

Receiver operating curve curves showed the compari-
son of AUC among model 1, model 2, model 3, and mod-
el 4 for CSA-AKI risk scoring (shown in Fig. 6). The cal-
culated AUC values for the preoperative model 1, preop-
erative and intraoperative model 2, intraoperative and
postoperative model 3, as well as preoperative, intraop-
erative, and postoperative model 4 were 0.710 (SD =
0.041; 95% CI: 0.629-0.792), 0.777 (SD = 0.036; 95% CI:
0.707-0.847), 0.827 (SD = 0.795; 95% CI: 0.795-0.888),
and 0.848 (SD = 0.029; 95% CI: 0.792-0.905), respective-
ly (Table 6), which were all acceptable. Hence, model 4
was optimum for CSA-AKI risk scoring compared with
model 1, model 2, and model 3.

Discussion

Epidemiological and observational studies presented a
close correlation between AKI and cardiopathic patients
after receiving Sun’s procedure. Risk assessment for AKI
associated with ATAAD allows clinicians to identify peri-
operative risk levels. However, most constructed risk as-
sessment models fail to synthetically consider preopera-
tive, intraoperative, and postoperative variables [30-33].
In this study, we established four risk assessment models
of AKI associated with ATAAD, in which variables in-
clude demographic characteristics, preoperative labora-
tory values and radiologic characteristics, intraoperative
data, and postoperative outcomes. The risk prediction
model 4, developed with preoperative, intraoperative,
and postoperative variables, is optimum for the risk pre-
diction of AKI associated with ATAAD.

For ATAAD patients with a risk of AKI, studies have
identified elevated preoperative serum creatinine, preop-
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erative renal malperfusion, and postoperative 72-h drain-
age volume as the independent risk factors [24, 34]. Body
mass index, chronic kidney disease, chronic liver disease,
cardiopulmonary bypass duration, red blood cell transfu-
sion, and hypoproteinemia are associated with in-hospi-
tal mortality of ATAAD-induced AKI patients [22]. To
screen the independent predictors of AKI for ATAAD
patients before or after Sun’s procedure, we performed
multivariable logistic regression analysis and constructed
risk prediction models using the screened preoperative
demographic and clinical characteristics. These dynamic
predictors were successively visualized in a scoring no-
mogram for the risk prediction of AKI associated with
ATAAD from preoperative to early postoperative peri-
ods, which have also been reported in other studies [24,
35, 36].

Preoperative risk factors for the development of CSA-
AKI contained advanced age, hypertension, and shorter
hospital length of stay before surgery. The presence of
multiple comorbidities like chronic obstructive pulmo-
nary disease, congestive heart failure, renal disease, and
diabetes mellitus has also been considered as preoperative
risk factors for CSA-AKI in other studies [37-39]. Our
results suggested that an increased white blood cell count
was associated with an increased risk of AKI for ATAAD
patients. The counts of white blood cells and subtypes
(neutrophil, lymphocyte, eosinophil, leucopenia, and
leukocytosis) may be attributable to the predictive effi-
ciency in several clinical settings [40]. White blood cells
are related to inflammatory processes and involved in the
development of AKI [41, 42]. ATAAD patients with AKI
exhibited a significant reduction in red blood cell count,
which is an additive predictor of all-cause mortality in
patients with AKI receiving continuous renal replace-
ment therapy [43]. Creatine kinase-isoenzyme was posi-
tively detected in AKI patients with ATAAD after Sun’s
procedure. Creatine kinase-isoenzyme is an indicator of
myocardial injury, and myocardial ischemia/reperfu-
sion-induced injury causes AKI, illustrating the feasibil-
ity of creatine kinase-isoenzyme as an indicator [44].

Generally, risk factors for AKI are unmodifiable and
common for ATAAD patients, such as local or general-
ized malperfusion due to the dissection itself [45]. Hypo-
volemic shock and cardiac malperfusion that are com-
monly seen in conjunction with ATAAD may induce hy-
poperfusion to the kidneys, which contributes to kidney
function loss [46, 47]. In this study, ATAAD patients with
iliac artery involvement, aortic insufficiency, and left ven-
tricular end-diastolic dimension are susceptible to AKI.
Patients with distal malperfusion syndromes show an in-

Sun’s Procedure-Induced AKI in ATAAD
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creased incidence of perioperative morbidity, such as he-
modialysis [48]. Hemodynamic instability, hypoxia, and
inflammation contribute to postoperative AKI [49]. Re-
nal malperfusion is identified as the most important risk
factor for AKI [49]. There has been evidence that the dys-
function of the renal microvasculature results in sepsis-
associated AKI [50, 51].

Using preoperative parameters, a prediction nomo-
gram was constructed for AKI assessment, with an AUC
value of 0.710 (SD = 0.041, 95% CI: 0.629-0.792). Al-
though it is difficult to prevent renal malperfusion, ade-
quate risk evaluation for AKI may improve patient out-
comes. In the present study, intraoperative and postop-
erative risk factors were screened. The study
demonstrated that cardiopulmonary bypass time, nasal
temperature, autotransfusion volume, the number of red
blood cells transfused during Sun’s procedure, and de-
creased fresh frozen plasma have a marked impact on
AKI, which indicates that these factors can be used as
variables for the construction of a logistic regression
model of AKI prediction. A retrospective study revealed
that patients with increased postoperative mean platelet
volume had an increased odds of generating AKI, while
mortality was not significantly affected [1]. Besides, the
development of AKI is also affected by the type of cardiac
surgical procedure, such as valve replacement [52], valve
repair [53], and aortic arch surgery [54], which may affect
cardiopulmonary bypass time. Cardiopulmonary bypass
time extension causes nonpulsatile flow and activates in-
flammatory factors, increasing the risk of AKI [55]. Alter-
natively, AKI results from intraoperative and postopera-
tive insults evidenced by elevations of urinary biomarkers
[56], urinary hypoxia [57], and early postoperative serum
creatinine [58], as reported by recent research.

According to the risk factors discussed above, predic-
tive nomograms were constructed based on preoperative
and intraoperative parameters (AUC value = 0.777, SD =
0.036, 95% CI: 0.707-0.847), intraoperative and postop-
erative parameters (AUC value = 0.818, SD = 0.032, 95%
CI: 0.795-0.888), and preoperative, intraoperative, and
postoperative parameters (AUC value = 0.848, SD =
0.029, 95% CI: 0.792-0.905). Predictive nomograms en-
able early identification of ATAAD patients at high risk
of AKI, and prophylactic measurements may subsequent-
ly decrease the risk of perioperative AKI. An efficient as-
sessment model 4 facilitates a close monitor process and
makes it possible for clinicians to formulate preventive
and therapeutic strategies rapidly. Besides clinical risk
factors, the integration of circulating cell-free DNA into
prediction models promotes the early and efficient iden-
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tification of CSA patients at high risk of AKI [59]. Sev-
eral risk prediction models for CSA-AKI have been vali-
dated using the biomarkers like blood cytokine [60], and
renal damage biomarkers [61]. However, the perfor-
mances of multivariable logistic regression models estab-
lished with demographic characteristics and clinical fea-
tures are markedly superior to those constructed with the
indicators suggesting AKI had occurred.

Previous literature has reported that most renal func-
tions of patients with unilateral renal artery involvement
can be improved with a better prognosis after aortic dis-
section repair; generally speaking, further specific inter-
ventional treatment is unnecessary. In contrast, for cases
involving bilateral renal arteries, postoperative renal
function is often unsatisfactory; continued renal replace-
ment therapy or even further local renal artery interven-
tion is required to improve renal vascular blood supply
and renal function [62]. In this study, aortic dissection
involving the renal artery was not included as a risk factor
in the final AKI risk prediction model, which may be re-
lated to the composition of the type of preoperative renal
artery injury in patients. This study did not compare sub-
groups with respect to the subtypes of aortic dissection
involving the renal artery. This study could be followed
up with further analysis in this regard.

There are still some limitations like other retrospec-
tive studies. An external validation of our models is nec-
essary using independent data, which is required to pre-
cisely assess the feasibility of the variables. Besides, our
study excluded a majority of ATAAD patients with com-
plication such as blood system disease considering the
unfavorable outcomes after Sun’s procedure. Addition-
ally, the staging and criteria of AKI should be included in
risk evaluation because of the distinct therapies used in
different stages of AKI. However, the established model
was constructed based on preoperative, intraoperative,
and postoperative parameters that are easily collected
and analyzed. The regression model was concisely visual-
ized with this predictive nomogram, which shows an ad-
vantageous practicality.

Conclusions

Here, we established 4 risk prediction models of AKI
for ATAAD patients before or after Sun’s procedure. The
included variables were demographic characteristics,
preoperative laboratory values and radiologic character-
istics, intraoperative data, and postoperative outcomes.
The risk prediction model 4 is optimum for AKI risk pre-
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diction. However, the abovementioned models have not
been validated using the independent data. In the future,
this model will be used tentatively for risk prediction in
electronic medical records.

Statements of Ethics

This study was approved by the Research Ethics Committee of
Tianjin Chest Hospital. The data are anonymous, and the require-
ment for informed consent was therefore waived by the Ethics
Committee.

Conflict of Interest Statement

The authors declare that they have no competing interests.

Funding Sources

This work was supported by Tianjin Municipal Science and
Technology Commission (No. 18ZXDBSY00160) and Tianjin
Municipal Health Bureau (No. 18ZXDBSY00160 and No.
ZC20087).

Author Contributions

Qingliang Chen and Zhigang Guo designed the study. Tongyun
Chen and Nan Jiang contributed to clinical information collection
and literature search. Yuhui Zhang and Yongrong Lan performed
the data analysis and drafted the manuscript. All the authors re-
vised and approved the final manuscript.

Data Availability Statement

All data generated or analyzed during this study are included
in this. Further inquiries can be directed to the corresponding au-
thor.

References 1 Ramakrishnan A, Zheng C, Fontes ML, Lom-
bard FW, Woolard AA, Shi Y, et al. Mean
platelet volume and cardiac-surgery-associat-
ed acute kidney injury: a retrospective study.
Can ] Anaesth. 2020;67(12):1775-88.

2 Ortega-Loubon C, Fernandez-Molina M, Fi-
erro I, Jorge-Monjas P, Carrascal Y, Gomez-
Herreras JI, et al. Postoperative kidney oxy-
gen saturation as a novel marker for acute kid-
ney injury after adult cardiac surgery. ]
Thorac Cardiovasc Surg. 2019;157(6):2340-
51.e3.

Zhang/Lan/Chen/Chen/Guo/Jiang

€20z 1snbny 0 uo 3senb Aq ypd°L06+25000/GLE60.LE/LL LIE/Z L /PA-BI01IE/WID/WOD" JOBIBY MMM//:d}RY WOl papeojumoq


https://www.karger.com/Article/FullText/524907?ref=1#ref1
https://www.karger.com/Article/FullText/524907?ref=2#ref2
https://www.karger.com/Article/FullText/524907?ref=2#ref2

10

11

12

13

14

15

Li Y, XuJ, Wang Y, Zhang Y, Jiang W, Shen
B, et al. A novel machine learning algorithm,
Bayesian networks model, to predict the high-
risk patients with cardiac surgery-associated
acute kidney injury. Clin Cardiol. 2020;43(7):
752-61.

Xu]J, Jiang W, Li Y, Shen B, Shen Z, Wang Y,
et al. Volume-associated hemodynamic vari-
ables for prediction of cardiac surgery-associ-
ated acute kidney injury. Clin Exp Nephrol.
2020;24(9):798-805.

Menez S, Moledina DG, Garg AX, Thiessen-
Philbrook H, McArthur E, Jia Y, et al. Results
from the TRIBE-AKI Study found associa-
tions between post-operative blood biomark-
ers and risk of chronic kidney disease after
cardiac surgery. Kidney Int. 2021;99(3):716-
24.

Rangaswami ], Bhalla V, Blair JEA, Chang TI,
Costa S, Lentine KL, et al. Cardiorenal syn-
drome: classification, pathophysiology, diag-
nosis, and treatment strategies: a scientific
statement from the American Heart Associa-
tion. Circulation. 2019;139(16):e840-¢78.
Zannad F, Rossignol P. Cardiorenal syn-
drome revisited. Circulation. 2018;138(9):
929-44.

Vogt F, Zibert ], Bahovec A, Pollari F, Sirch J,
Fittkau M, et al. Improved creatinine-based
early detection of acute kidney injury after
cardiac surgery. Interact Cardiovasc Thorac
Surg. 2021;33(1):19-26.

Malaisrie SC, Szeto WY, Halas M, Girardi LN,
Coselli JS, Sundt TM, et al. 2021 The Ameri-
can association for thoracic surgery expert
consensus document: surgical treatment of
acute type A aortic dissection. ] Thorac Car-
diovasc Surg. 20212021;162(3):735-58.e2.
Elsayed RS, Cohen RG, Fleischman F,
Bowdish ME. Acute type A aortic dissection.
Cardiol Clin. 2017;35(3):331-45.

Wundram M, Falk V, Eulert-Grehn JJ, Herbst
H, Thurau J, Leidel BA, et al. Incidence of
acute type A aortic dissection in emergency
departments. Sci Rep. 2020;10(1):7434.
Howard DP, Banerjee A, Fairhead JF, Per-
kins J, Silver LE, Rothwell PM. Population-
based study of incidence and outcome of
acute aortic dissection and premorbid risk
factor control: 10-year results from the Ox-
ford Vascular Study. Circulation. 2013;
127(20):2031-7.

Yang B, Norton EL, Hobbs R, Farhat L, Wu X,
Hornsby WE, et al. Short- and long-term out-
comes of aortic root repair and replacement
in patients undergoing acute type A aortic
dissection repair: twenty-year experience. ]
Thorac Cardiovasc Surg. 2019;157(6):2125-
36.

Yang B, Malik A, Waidley V, Kleeman KC,
Wu X, Norton EL, et al. Short-term outcomes
of a simple and effective approach to aortic
rootand arch repair in acute type A aortic dis-
section. ] Thorac Cardiovasc Surg. 2018;
155(4):1360-el.

Ma WG, Zheng J, Liu YM, Zhu JM, Sun LZ.
Dr. Sun’s procedure for type A aortic dissec-

Sun’s Procedure-Induced AKI in ATAAD
Patients

16

17

18

19

20

21

22

23

24

25

26

27

tion: total arch replacement using tetrafurcate
graft with stented elephant trunk implanta-
tion. Aorta. 2013;1(1):59-64.

Ma WG, Zheng J, Dong SB, Lu W, Sun K, Qi
RD, et al. Sun’s procedure of total arch re-
placement using a tetrafurcated graft with
stented elephant trunk implantation: analysis
of early outcome in 398 patients with acute
type A aortic dissection. Ann Cardiothorac
Surg. 2013;2(5):621-8.

Gudbjartsson T, Ahlsson A, Geirsson A,
Gunn J, Hjortdal V, Jeppsson A, et al. Acute
type A aortic dissection: a review. Scand Car-
diovasc J. 2020;54(1):1-13.

Helgason D, Helgadottir S, Ahlsson A, Gunn
], Hjortdal V, Hansson EC, et al. Acute kidney
injury after acute repair of type A aortic dis-
section. Ann Thorac Surg. 2021;111(4):1292—
8.

Chen X, Bai M, Sun S, Chen X. Outcomes and
risk management in type B aortic dissection
patients with acute kidney injury: a concise
review. Ren Fail. 2021;43(1):585-96.
Hoogmoed RC, Patel HJ, Kim KM, Williams
DM, Deeb GM, Yang B. Acute kidney injury
in acute type B aortic dissection: outcomes
over 20 years. Ann Thorac Surg. 2019;107(2):
486-92.

ZhangK, ShangJ, Chen Y, Huo Y, Li B, Hu Z.
The prognosis and risk factors for acute kid-
ney injury in high-risk patients after surgery
for type A aortic dissection in the ICU. ] Tho-
rac Dis. 2021;13(7):4427-37.

LiL, ZhouJ, Hao X, Zhang W, Yu D, Xie Y, et
al. The incidence, risk factors and in-hospital
mortality of acute kidney injury in patients af-
ter surgery for acute type A aortic dissection:
a single-center retrospective analysis of 335
patients. Front Med. 2020;7:557044.

KDIGO (Kidney Disease: Improving Global
Outcomes) Acute Kidney Injury Work
Group. KDIGO clinical practice guideline for
acute kidney injury. Kidney Inter Suppl. 2012;
2:1-138.

Nishigawa K, Fukui T, Uemura K, Takanashi
S, Shimokawa T. Preoperative renal malper-
fusion is an independent predictor for acute
kidney injury and operative death but not as-
sociated with late mortality after surgery for
acute type A aortic dissection. Eur | Cardio-
thorac Surg. 2020;58(2):302-8.

Qin H, Li Y, Zhang N, Wang T, Fan Z. Predic-
tion efficiency of postoperative acute kidney
injury in acute stanford type A aortic dissec-
tion patients with renal resistive index and
semiquantitative color doppler. Cardiol Res
Pract. 2019;2019:4381052.

Tseng PY, Chen YT, Wang CH, Chiu KM,
Peng YS, Hsu SP, et al. Prediction of the de-
velopment of acute kidney injury following
cardiac surgery by machine learning. Crit
Care. 2020;24(1):478.

Guan C, Li C,Xu L, Zhen L, Zhang Y, Zhao L,
et al. Risk factors of cardiac surgery-associat-
ed acute kidney injury: development and val-
idation of a perioperative predictive nomo-
gram. ] Nephrol. 2019;32(6):937-45.

28

29

30

31

32

33

34

35

36

37

38

39

40

Liu ZG, Sun LZ, Chang Q, Zhu JM, Dong C,
Yu CT, et al. Should the “elephant trunk” be
skeletonized? Total arch replacement com-
bined with stented elephant trunk implanta-
tion for Stanford type A aortic dissection. |
Thorac Cardiovasc Surg. 2006;131(1):107-
13.

Kellum JA, Lameire N, Aspelin P, Barsoum
RS, Burdmann EA, Goldstein SL, et al. KDI-
GO clinical practice guideline for acute kid-
ney injury. Kidney Int Suppl. 2012;2(1):1-
138.

Merchant ML, Brier ME, Slaughter MS, Klein
JB, McLeish KR. Biomarker enhanced risk
prediction for development of AKI after car-
diac surgery. BMC Nephrol. 2018;19(1):102.
Rao SN, Shenoy MP, Gopalakrishnan M, Ki-
ran BA. Applicability of the Cleveland clinic
scoring system for the risk prediction of acute
kidney injury after cardiac surgery in a South
Asian cohort. Indian Heart ]. 2018;70(4):533—
7.

Che M, Wang X, Liu S, Xie B, Xue S, Yan Y, et
al. A clinical score to predict severe acute kid-
ney injury in Chinese patients after cardiac
surgery. Nephron. 2019;142(4):291-300.
Albert C, Haase M, Albert A, Kropf S, Bello-
mo R, Westphal S, et al. Urinary biomarkers
may complement the Cleveland score for pre-
diction of adverse kidney events after cardiac
surgery: a pilot study. Ann Lab Med. 2019;
40(2):131-41.

Zhao H, Pan X, Gong Z, Zheng J, Liu Y, Zhu
], et al. Risk factors for acute kidney injury in
overweight patients with acute type A aortic
dissection: a retrospective study. ] Thorac Dis.
2015;7(8):1385-90.

Wu HB, Qin H, Ma WG, Zhao HL, Zheng J,
Li JR, et al. Can renal resistive index predict
acute kidney injury after acute type A aortic
dissection repair? Ann Thorac Surg. 2017;
104(5):1583-9.

Dong N, Piao H, Du Y, Li B, Xu J, Wei §, et al.
Development of a practical prediction score
for acute renal injury after surgery for Stan-
ford type A aortic dissection. Interact Cardio-
vasc Thorac Surg. 2020;30(5):746-53.
Fuhrman DY, Kellum JA. Epidemiology and
pathophysiology of cardiac surgery-associat-
ed acute kidney injury. Curr Opin Anaesthe-
siol. 2017;30(1):60-5.

Mangano CM, Diamondstone LS, Ramsay ]G,
Aggarwal A, Herskowitz A, Mangano DT. Re-
nal dysfunction after myocardial revasculariza-
tion: risk factors, adverse outcomes, and hospi-
tal resource utilization. The Multicenter Study
of Perioperative Ischemia Research Group.
Ann Intern Med. 1998;128(3):194-203.
Thakar CV, Worley S, Arrigain S, Yared JP,
Paganini EP. Improved survival in acute kid-
ney injury after cardiac surgery. Am J Kidney
Dis. 2007;50(5):703-11.

Han SS, Ahn SY, Ryu J, Baek SH, Kim KI,
Chin HJ, et al. U-shape relationship of white
blood cells with acute kidney injury and mor-
tality in critically ill patients. Tohoku J Exp
Med. 2014;232(3):177-85.

Cardiorenal Med 2022;12:117-130
DOI: 10.1159/000524907

129

€202 1snbny z0 uo 1senb Aq ypd°L06%25000/G2E60LE/LL LIE/Z L /PA-8I0E/WI0/W0d" J8618Y MMM//:dRY WOl papeojumoq


https://www.karger.com/Article/FullText/524907?ref=3#ref3
https://www.karger.com/Article/FullText/524907?ref=4#ref4
https://www.karger.com/Article/FullText/524907?ref=5#ref5
https://www.karger.com/Article/FullText/524907?ref=6#ref6
https://www.karger.com/Article/FullText/524907?ref=7#ref7
https://www.karger.com/Article/FullText/524907?ref=8#ref8
https://www.karger.com/Article/FullText/524907?ref=8#ref8
https://www.karger.com/Article/FullText/524907?ref=9#ref9
https://www.karger.com/Article/FullText/524907?ref=9#ref9
https://www.karger.com/Article/FullText/524907?ref=10#ref10
https://www.karger.com/Article/FullText/524907?ref=11#ref11
https://www.karger.com/Article/FullText/524907?ref=12#ref12
https://www.karger.com/Article/FullText/524907?ref=13#ref13
https://www.karger.com/Article/FullText/524907?ref=13#ref13
https://www.karger.com/Article/FullText/524907?ref=14#ref14
https://www.karger.com/Article/FullText/524907?ref=15#ref15
https://www.karger.com/Article/FullText/524907?ref=16#ref16
https://www.karger.com/Article/FullText/524907?ref=16#ref16
https://www.karger.com/Article/FullText/524907?ref=17#ref17
https://www.karger.com/Article/FullText/524907?ref=17#ref17
https://www.karger.com/Article/FullText/524907?ref=18#ref18
https://www.karger.com/Article/FullText/524907?ref=19#ref19
https://www.karger.com/Article/FullText/524907?ref=20#ref20
https://www.karger.com/Article/FullText/524907?ref=21#ref21
https://www.karger.com/Article/FullText/524907?ref=21#ref21
https://www.karger.com/Article/FullText/524907?ref=22#ref22
https://www.karger.com/Article/FullText/524907?ref=23#ref23
https://www.karger.com/Article/FullText/524907?ref=24#ref24
https://www.karger.com/Article/FullText/524907?ref=24#ref24
https://www.karger.com/Article/FullText/524907?ref=25#ref25
https://www.karger.com/Article/FullText/524907?ref=25#ref25
https://www.karger.com/Article/FullText/524907?ref=26#ref26
https://www.karger.com/Article/FullText/524907?ref=26#ref26
https://www.karger.com/Article/FullText/524907?ref=27#ref27
https://www.karger.com/Article/FullText/524907?ref=28#ref28
https://www.karger.com/Article/FullText/524907?ref=28#ref28
https://www.karger.com/Article/FullText/524907?ref=29#ref29
https://www.karger.com/Article/FullText/524907?ref=30#ref30
https://www.karger.com/Article/FullText/524907?ref=31#ref31
https://www.karger.com/Article/FullText/524907?ref=32#ref32
https://www.karger.com/Article/FullText/524907?ref=33#ref33
https://www.karger.com/Article/FullText/524907?ref=34#ref34
https://www.karger.com/Article/FullText/524907?ref=35#ref35
https://www.karger.com/Article/FullText/524907?ref=36#ref36
https://www.karger.com/Article/FullText/524907?ref=36#ref36
https://www.karger.com/Article/FullText/524907?ref=37#ref37
https://www.karger.com/Article/FullText/524907?ref=37#ref37
https://www.karger.com/Article/FullText/524907?ref=38#ref38
https://www.karger.com/Article/FullText/524907?ref=39#ref39
https://www.karger.com/Article/FullText/524907?ref=39#ref39
https://www.karger.com/Article/FullText/524907?ref=40#ref40
https://www.karger.com/Article/FullText/524907?ref=40#ref40

41

42

43

44

45

46

47

Farhangi MA, Keshavarz SA, Eshraghian M,
Ostadrahimi A, Saboor-Yaraghi AA. White
blood cell count in women: relation to inflam-
matory biomarkers, haematological profiles,
visceral adiposity, and other cardiovascular
risk factors. ] Health Popul Nutr. 2013;31(1):
58-64.

Rabb H, Griffin MD, McKay DB, Swamina-
than S, Pickkers P, Rosner MH, et al. Inflam-
mation in AKI: current understanding, key
questions, and knowledge gaps. ] Am Soc
Nephrol. 2016;27(2):371-9.

Oh HJ, Park JT, Kim JK, Yoo DE, Kim SJ, Han
SH, et al. Red blood cell distribution width is
an independent predictor of mortality in
acute kidney injury patients treated with con-
tinuous renal replacement therapy. Nephrol
Dial Transplant. 2011;27(2):589-94.

Sun Q, Shen ZY, Duan WN, Meng QT, Xia
ZY. Mechanism of myocardial ischemia/re-
perfusion-induced acute kidney injury
through DJ-1/Nrf2 pathway in diabetic rats.
Exp Ther Med. 2017;14(5):4201-7.

Leballo G, Chakane PM. Cardiac surgery-as-
sociated acute kidney injury: pathophysiolo-
gy and diagnostic modalities and manage-
ment. Cardiovasc | Afr. 2020;31(4):205-12.
Ko T, Higashitani M, Sato A, Uemura Y,
Norimatsu T, Mahara K, et al. Impact of acute
kidney injury on early to long-term outcomes
in patients who underwent surgery for type A
acute aortic dissection. Am ] Cardiol. 2015;
116(3):463-8.

Roh GU, Lee JW, Nam SB, Lee J, Choi JR,
Shim YH. Incidence and risk factors of acute
kidney injury after thoracic aortic surgery for
acute dissection. Ann Thorac Surg. 2012;
94(3):766-71.

48

49

50

51

52

53

54

55

Chiu P, Tsou S, Goldstone AB, Louie M, Woo
YJ, Fischbein MP. Immediate operation for
acute type A aortic dissection complicated by
visceral or peripheral malperfusion. ] Thorac
Cardiovasc Surg. 2018;156(1):18-24.e3.
Zarjou A, Agarwal A. Sepsis and acute kidney
injury. ] Am Soc Nephrol. 2011;22(6):999-
1006.

Aksu U, Demirci C, Ince C. The pathogenesis
of acute kidney injury and the toxic triangle of
oxygen, reactive oxygen species and nitric ox-
ide. Contrib Nephrol. 2011;174:119-28.

Le Dorze M, Legrand M, Payen D, Ince C. The
role of the microcirculation in acute kidney
injury. Curr Opin Crit Care. 2009;15(6):503—
8.

Ram P, Mezue K, Pressman G, Rangaswami J.
Acute kidney injury post-transcatheter aortic
valve replacement. Clin Cardiol. 2017;40(12):
1357-62.

Spieker M, Hellhammer K, Katsianos S, Wio-
raJ, Zeus T, Horn P, et al. Effect of acute kid-
ney injury after percutaneous mitral valve re-
pair on outcome. Am | Cardiol. 2018;122(2):
316-22.

Ghincea CV, Reece TB, Eldeiry M, Roda GF,
Bronsert MR, Jarrett MJ, et al. Predictors of
acute kidney injury following aortic arch sur-
gery. ] Surg Res. 2019;242:40-6.

Kumar AB, Suneja M, Riou B. Cardiopulmo-
nary bypass-associated acute kidney injury.
Anesthesiology. 2011;114(4):964-70.

130

DOI: 10.1159/000524907

Cardiorenal Med 2022;12:117-130

56

57

58

59

60

61

62

Cummings JJ, Shaw AD, Shi J, Lopez MG,
O’Neal JB, Billings FT 4th. Intraoperative pre-
diction of cardiac surgery-associated acute
kidney injury using urinary biomarkers of cell
cycle arrest. ] Thorac Cardiovasc Surg. 2019;
157(4):1545-53.€5.

Zhu MZL, Martin A, Cochrane AD, Smith JA,
Thrift AG, Harrop GK, et al. Urinary hypoxia:
an intraoperative marker of risk of cardiac sur-
gery-associated acute kidney injury. Nephrol
Dial Transplant. 2018;33(12):2191-201.

Jin J, Chang SC, Xu S, Xu J, Jiang W, Shen B,
etal. Early postoperative serum creatinine ad-
justed for fluid balance precisely predicts sub-
sequent acute kidney injury after cardiac sur-
gery. ] Cardiothorac Vasc Anesth. 2019;
33(10):2695-702.

Merkle ], Daka A, Deppe AC, Wahlers T, Pau-
nel-Gorgiilii A. High levels of cell-free DNA
accurately predict late acute kidney injury in
patients after cardiac surgery. PLoS One.
2019;14(6):€0218548.

Chen Z, Chen L, Yao G, Yang W, Yang K,
Xiong C. Novel blood cytokine-based model
for predicting severe acute kidney injury and
poor outcomes after cardiac surgery. 2020;
9(22):e018004.

Mayer T, Bolliger D, Scholz M, Reuthebuch
O, Gregor M, Meier P, et al. Urine biomarkers
of tubular renal cell damage for the prediction
of acute kidney injury after cardiac surgery-A
Pilot Study. ] Cardiothorac Vasc Anesth.
2017;31(6):2072-9.

Czerny M, Schoenhoft F, Etz C, Englberger L,
Khaladj N, Zierer A, et al. The impact of pre-
operative malperfusion on outcome in acute
type A aortic dissection: results from the
GERAADA registry. ] Am Coll Cardiol. 2015;
65(24):2628-35.

Zhang/Lan/Chen/Chen/Guo/Jiang

€202 1snbny z0 uo 1senb Aq ypd°L06%25000/G2E60LE/LL LIE/Z L /PA-8I0E/WI0/W0d" J8618Y MMM//:dRY WOl papeojumoq


https://www.karger.com/Article/FullText/524907?ref=41#ref41
https://www.karger.com/Article/FullText/524907?ref=42#ref42
https://www.karger.com/Article/FullText/524907?ref=42#ref42
https://www.karger.com/Article/FullText/524907?ref=43#ref43
https://www.karger.com/Article/FullText/524907?ref=43#ref43
https://www.karger.com/Article/FullText/524907?ref=44#ref44
https://www.karger.com/Article/FullText/524907?ref=45#ref45
https://www.karger.com/Article/FullText/524907?ref=46#ref46
https://www.karger.com/Article/FullText/524907?ref=47#ref47
https://www.karger.com/Article/FullText/524907?ref=48#ref48
https://www.karger.com/Article/FullText/524907?ref=48#ref48
https://www.karger.com/Article/FullText/524907?ref=49#ref49
https://www.karger.com/Article/FullText/524907?ref=50#ref50
https://www.karger.com/Article/FullText/524907?ref=51#ref51
https://www.karger.com/Article/FullText/524907?ref=52#ref52
https://www.karger.com/Article/FullText/524907?ref=53#ref53
https://www.karger.com/Article/FullText/524907?ref=54#ref54
https://www.karger.com/Article/FullText/524907?ref=55#ref55
https://www.karger.com/Article/FullText/524907?ref=56#ref56
https://www.karger.com/Article/FullText/524907?ref=57#ref57
https://www.karger.com/Article/FullText/524907?ref=57#ref57
https://www.karger.com/Article/FullText/524907?ref=58#ref58
https://www.karger.com/Article/FullText/524907?ref=59#ref59
https://www.karger.com/Article/FullText/524907?ref=61#ref61
https://www.karger.com/Article/FullText/524907?ref=62#ref62

	startTableBody
	startTableBody
	startTableBody
	startTableBody
	startTableBody
	StartZeile
	Zwischenlinie
	startTableBody

