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Abstract
Background
Several reports have discussed the risk factors for acute kidney injury (AKI) after thoracic aortic surgery and aortic dissection and the increased mortality in patients with AKI. However, there are few reports on the risk factors for AKI with combined medical and surgical treatment and the influence on mortality. The aim of this study was to clarify the risk factors and long-term effects of AKI on mortality and kidney function after acute aortic dissection in a cohort at our hospital.

Methods
We retrospectively investigated 96 patients with initial acute aortic dissection between April 2012 and January 2015. We divided the subjects into two groups: 65 with AKI and 31 without AKI using RIFLE criteria. The outcomes were all-cause mortality and the decrease in kidney function after 6 and 12 months. We extracted the risk factors for AKI by multivariate logistic regression using clinical parameters.

Results
A history of hypertension, type A aortic dissection, and low platelet levels were statistically significant factors to predict AKI after aortic dissection (odds ratio [OR] 9.1, 95 % confidence interval [CI] 1.42–58.5, p = 0.02; OR 25.2, 95 % CI 3.1–205.0, p = 0.003; OR 0.82, 95 % CI 0.68-0.98, p = 0.033, respectively). Three patients with AKI died and 1 patient recovered from AKI. The kidney function in survivors was similar in those with and without AKI. Although there were no significant differences in long-term kidney function between groups, long-term mortality was worse in the AKI group (p = 0.017).

Conclusions
Hypertension, type A aortic dissection, and low platelet levels were risk factors for AKI after aortic dissection, and AKI increased the 1-year all-cause mortality. A large-scale study is needed to verify our results.


Keywords
AKIAortic dissectionRenal function
Abbreviations
AKIacute kidney injury


CTcomputed tomography


eGFRestimated glomerular filtration rate


GFRglomerular filtration rate


LDL-Clow-density lipoprotein cholesterol


RRTrenal replacement therapy


sCrserum creatinine


SDstandard deviation




Background
Aortic dissection is life-threatening. Stanford type A aortic dissection requires emergency surgery, because it can lead to a poor outcome. Stanford type B aortic dissection has a better outcome than type A and is often treated medically, even when presenting as complicated type B, which ultimately requires surgical treatment [1, 2]. Several risk factors for in-hospital and long-term mortality have been reported [2–8]. Acute kidney injury (AKI) after acute aortic dissection and cardiothoracic surgery are predictive factors for mortality [9–13]. Several mechanisms for AKI after aortic dissection and surgery have been reported. Reduction in the renal artery lumen due to aortic dissection at the renal artery bifurcation and sepsis after surgery are possible mechanisms [14]. Other reports suggest that cardiac and cerebral malperfusion are both risk factors for in-hospital mortality; the order of importance of malperfusion is as follows: cardiac, cerebral, ileofemoral, renal, mesenteric, innominate, and spine [15]. Emergency surgery for type A aortic dissection using circulatory arrest influences AKI [9], and the mortality increases with severity of AKI [13, 16, 17]. Systemic mild-to-moderate hypothermia adapted to the duration of circulatory arrest is an effective method of organ protection in cardiovascular surgery [18], but deep hypothermia is associated with a greater risk of postoperative low cardiac output syndrome [19]. Preventing AKI is extremely important, so we examined the risk factors and possible methods of preventing AKI through postoperative care.
Several reports have discussed AKI after thoracic aortic surgery and aortic dissection, but there are few reports on conservative treatment. To prevent AKI, it is important to discuss the risk factors of AKI after aortic dissection using data obtained from medical records on admission, because most patients with dissection are transported by ambulance.
The aim of this study was to identify the risk factors for AKI after aortic dissection, including both medical and surgical treatment, and the impact of AKI on long-term mortality and renal function.

Methods
Study population and data collection
Between April 2012 and January 2015, 104 patients with initial aortic dissection within 48 h of onset were admitted to the Japanese Red Cross Nagoya Daini Hospital. Three patients who were on renal replacement therapy (RRT) and 1 who had a kidney transplant before admission were excluded because of the difficulty in measuring the progression of renal dysfunction. Four patients who died within 48 h after admission were also excluded because the data were inappropriate for evaluating renal dysfunction. Finally, 96 patients were included in this analysis. We also investigated the long-term mortality and renal function in 75 patients, excluding 15 who were transferred to another hospital or who were discharged against medical advice, and 6 who were followed up for less than 1 year. Patients were divided into two groups according to the presence or absence of AKI based on the RIFLE criteria. We defined the minimum serum creatinine (sCr) level from 6 months before admission to 7 days after admission as the baseline sCr level and compared this with the maximum sCr level within 7 days of admission. In this study, we defined an increase in the sCr level to ≧1.5 times the baseline level as AKI. We did not include glomerular filtration rate (GFR) or urine output.
We collected data including age, sex, blood pressure, and medical history of hypertension, hyperlipidemia, diabetes, cardiovascular disease, and stroke, in addition to laboratory data, Stanford classification, and medication, by chart review.
This study was approved by the Japanese Red Cross Nagoya Daini Hospital ethics committee for clinical study and was conducted according to the ethical guidelines for clinical study published by the Ministry of Health and the Helsinki Declaration. The approval number is 1081. The information about this study can be seen at the site of the Japanese Red Cross Nagoya Daini Hospital.

Outcome
The primary outcome was AKI after aortic dissection. The secondary outcome was the effect of AKI after aortic dissection on long-term mortality and renal function. The long-term mortality was evaluated by all-cause mortality for 1 year after aortic dissection, and renal function was assessed by comparing the sCr levels of patients with AKI to those without AKI at 6 and 12 months after onset.

Statistical analysis
Categorical data were presented as frequencies and percentages and continuous data were represented as median ± standard deviation (SD). For comparison between groups, Fisher’s exact test was performed for categorical data and the Mann-Whitney U test for continuous data. Significance was defined as probability p value <0.05. Stepwise multivariate logistic regression analysis was performed for age, sex, hypertension, diabetes, hemoglobin, albumin, estimated GFR (eGFR), platelets, fibrinogen, low-density lipoprotein cholesterol (LDL-C), and Stanford classification. Kaplan Meier curves and the log-rank test were used to demonstrate long-term mortality. Easy R was used for analysis.


Results
Study population features
There were 65 (68 %) patients with AKI; Table 1 shows the number of AKI patients classified according to the RIFLE criteria. The patient characteristics are presented in Table 2. A total of 96 patients were included after the exclusion of 8 patients. The median age was 69 years (range, 28 to 93 years), and 49 patients (51 %) were men. Type A aortic dissection was seen in 58 patients (60 %); 45 patients (47 %) who underwent emergency surgery all had type A aortic dissection.Table 1The number of patients classified according to RIFLE criteria


	 	Number (%)

	Risk
	30 (46 %)

	Injury
	25 (38 %)

	Failure
	10 (15 %)


We defined an increase in the sCr level to >1.5 times the baseline level as risk, to >2 times the baseline levels as injury, and to >3 times the baseline levels or sCr ≧4 mg/dl as failure



                           Table 2Baseline characteristics


	 	No AKI group (N = 31)
	AKI group (N = 65)
	
                                            p value

	Age (years old)
	68.0 ± 13.0
	70.0 ± 14.0
	0.466

	Gender (male)
	15 (50 %)
	34 (52 %)
	0.999

	Body mass index (kg/m2)
	23.4 ± 3.7
	22.3 ± 4.3
	0.107

	Comorbidity

	 Diabetes
	3 (10 %)
	5 (8 %)
	0.704

	 Hypertension
	16 (53 %)
	42 (71 %)
	0.106

	 Hyperlipidemia
	15 (50 %)
	15 (24 %)
	0.018

	 eGFR < 60 (ml/min/1.73 m2)
	13 (43 %)
	39 (60 %)
	0.183

	 Coronary artery disease
	3 (10 %)
	6 (10 %)
	0.999

	 Stroke
	6 (20 %)
	6 (10 %)
	0.200

	Medication

	 Anticoagulant
	1 (3 %)
	1 (2 %)
	0.999

	 Antiplatelet
	3 (10 %)
	6 (9 %)
	0.999

	 Ca blocker
	5 (17 %)
	15 (27 %)
	0.423

	 RAS inhibitor
	4 (13 %)
	16 (29 %)
	0.179

	 Statin
	6 (20 %)
	8 (14 %)
	0.542

	Clinical presentation

	 Systolic BP (mmHg)
	149 ± 37
	133 ± 45
	0.053

	 Diastolic BP (mmHg)
	82 ± 19
	72 ± 26
	0.026

	 Stanford A
	8 (26 %)
	50 (77 %)
	<0.001

	 CTR (%)
	57.8 ± 4.9
	59.7 ± 5.7
	0.105

	 Mediastinal extension
	9 (29 %)
	42 (65 %)
	0.002

	 Dissection of renal artery branch
	13 (42 %)
	41 (63 %)
	0.080

	 Operation
	3 (9.3 %)
	43 (66.2 %)
	<0.001

	 Operation time (min)
	310.0 ± 66.5
	423.0 ± 141.7
	0.106

	 Cardiopulmonary bypass time (min)
	177.5 ± 56.2
	209.4 ± 77.9
	0.533

	 Intraoperative blood loss (ml)
	1073.8 ± 432.2
	2950.2 ± 2522.3
	0.059

	 Perioperative blood transfusion unit
	3.3 ± 7.7
	23.0 ± 27.0
	<0.001

	 Hospital stay (day)
	21.8 ± 8.5
	33.7 ± 23.2
	0.002

	Admission laboratory date

	 WBC (×103/mm3)
	10.7 ± 3.2
	11.8 ± 5.3
	0.586

	 Hemoglobin (g/dl)
	13.8 ± 1.6
	13.2 ± 1.9
	0.173

	 Platelet (×104/mm3)
	20.0 ± 8.0
	16.0 ± 5.0
	0.013

	 D dimer (μg/ml)
	9.8 ± 15.0
	47.3 ± 63
	<0.001

	 Fibrinogen (mg/dl)
	397 ± 188
	260 ± 127
	<0.001

	 FDP (μg/ml)
	36.6 ± 48.9
	167 ± 203
	0.016

	 Albumin (g/dl)
	4.01 ± 0.47
	3.64 ± 0.51
	0.070

	 LDH (IU/L)
	223 ± 59
	320 ± 253
	<0.001

	 CK (IU/L)
	97 ± 59
	115 ± 89
	0.552

	 BUN (mg/dl)
	17.4 ± 8.6
	20.3 ± 8.1
	0.022

	 Creatinine (mg/dl)
	0.91 ± 0.47
	1.01 ± 0.42
	0.100

	 eGFR (ml/min/1.73 m2)
	62.5 ± 16.1
	56.2 ± 18.1
	0.044

	 UA (mg/dl)
	5.73 ± 2.06
	5.87 ± 1.38
	0.740

	 CRP (mg/dl)
	2.3 ± 3.7
	1.3 ± 2.8
	0.257

	 TG (mg/dl)
	119 ± 65.0
	87.5 ± 51.1
	0.013

	 T-CHO (mg/dl)
	203 ± 42.2
	172 ± 38.5
	0.101

	 LDL-C (mg/dl)
	121 ± 41.2
	98.5 ± 28.0
	0.016

	 HDL-C (mg/dl)
	44.5 ± 8.19
	50.8 ± 14.8
	0.091

	 HbA1c (NGSP %)
	5.94 ± 0.61
	5.76 ± 0.61
	0.172


Date presented as n (%) or median ± SD

                                    RAS renin angiotensin system, BP blood pressure, CTR cardio thoracic ratio



                        

Primary outcome
In the univariate analysis, there were significant differences between patients with and without AKI according to history of hyperlipidemia, laboratory data (congealing fibrinogenolysis system, albumin, lactate dehydrogenase, eGFR, blood urea nitrogen, triglyceride, and LDL-C), diastolic blood pressure on admission, Stanford type A aortic dissection, widened mediastinum, surgery, perioperative blood units transfused, and hospital stay (Table 3). Fluid resuscitation before diagnostic computed tomography (CT) with contrast medium was not examined in this study. The dose of contrast medium was usually twice the volume by body weight or 100 ml. In 65 patients (68 %) with AKI, 4 (4 %) required blood purification therapy. Subsequently, 3 patients (3 %) died, and 1 patient (1 %) recovered from AKI. In order to clarify the risk factors for AKI after aortic dissection, we examined the differences between the 2 groups with multivariate analysis (Table 4). When we adjusted the background between the 2 groups for age, sex, hypertension, diabetes, eGFR, platelets, fibrinogen, LDL-C, and Stanford criteria, we found that more patients had a history of hypertension, type A aortic dissection, and low platelet levels in the AKI group (odds ratio [OR] 9.1, 95 % confidence interval [CI] 1.42–58.5, p = 0.02; OR 25.2, 95 % CI 3.1–205.0, p = 0.003; OR 0.82, 95 % CI 0.68–0.98, p = 0.033, respectively). Figure 1 shows that there were significant differences between patients with and without AKI and patients with AKI in terms of according to history of hypertension, low platelet count, and Stanford type A aortic dissection.Table 3Univariate analysis of risk factor for acute kidney injury


	 	Odds ratio
	95 % CI
	
                                            p value

	Age (years old)
	1.01
	0.978–1.040
	0.559

	Gender (male)
	0.91
	0.384–2.170
	0.834

	Body mass index (kg/m2)
	0.94
	0.845–1.040
	0.227

	Comorbidity

	 Diabetes
	0.75
	0.166–3.360
	0.704

	 Hypertension
	2.16
	0.868–5.380
	0.098

	 Hyperlipidemia
	0.32
	0.127–0.802
	0.015

	 eGFR < 60 (ml/min/1.73 m2)
	0.98
	0.953–1.000
	0.100

	 Coronary artery disease
	1.04
	0.241–4.460
	0.961

	 Stroke
	1
	0.999–1.000
	0.419

	Medication

	 Anticoagulant
	0.51
	0.031–8.430
	0.637

	 Antiplatelet
	1.04
	0.241–4.480
	0.960

	 Ca blocker
	1.76
	0.567–5.440
	0.329

	 RAS inhibitor
	2.50
	0.750–8.340
	0.136

	 Statin
	0.64
	0.200–2.050
	0.453

	Clinical presentation

	 Systolic BP (mmHg)
	0.98
	0.965–1.000
	0.057

	 Diastolic BP (mmHg)
	0.99
	0.981–1.000
	0.086

	 Stanford A
	22.34
	2.700–203.000
	<0.001

	 CTR (%)
	1.07
	0.982–1.160
	0.130

	 Mediastinal extension
	4.26
	1.680–10.800
	0.002

	 Dissection of renal artery branch
	2.23
	0.926–5.390
	0.074

	 Operation
	16.40
	4.490–60.100
	<0.001

	 Operation time (min)
	1.01
	0.996–1.020
	0.161

	 Cardiopulmonary bypass time (min)
	1.02
	0.988–1.040
	0.273

	 Intraoperative blood loss (ml)
	1.00
	1.000–1.000
	0.171

	 Hospital stay (day)
	1.07
	1.020–1.120
	0.007

	 Perioperative blood transfusion unit
	1.110
	1.010–1.160
	<0.001

	Admission laboratory date

	 WBC (×103/mm3)
	1.06
	0.958–1.170
	0.287

	 Hemoglobin (g/dl)
	0.83
	0.645–1.070
	0.145

	 Platelet (×104/mm3)
	0.88
	0.811–0.964
	0.005

	 D dimer (μg/ml)
	1.04
	1.010–1.080
	0.013

	 Fibrinogen (mg/dl)
	0.99
	0.991–0.998
	<0.001

	 FDP (μg/ml)
	1.01
	0.999–1.020
	0.068

	 Albumin (g/dl)
	0.19
	0.065–0.575
	0.003

	 LDH (IU/L)
	1.01
	1.000–1.020
	0.005

	 CK (IU/L)
	1.00
	0.997–1.010
	0.330

	 BUN (mg/dl)
	1.05
	0.986–1.120
	0.129

	 Creatinine (mg/dl)
	1.84
	0.550–6.130
	0.324

	 eGFR (ml/min/1.73 m2)
	0.98
	0.953–1.000
	0.100

	 UA (mg/dl)
	1.06
	0.662–1.690
	0.809

	 CRP (mg/dl)
	0.94
	0.882–1.070
	0.360

	 TG (mg/dl)
	0.99
	0.981–1.000
	0.048

	 T-CHO (mg/dl)
	0.98
	0.961–1.000
	0.059

	 LDL-C (mg/dl)
	0.98
	0.962–0.997
	0.026

	 HDL-C (mg/dl)
	1.04
	0.997–1.090
	0.066

	 HbA1c (NGSP %)
	0.61
	0.230–1.600
	0.313



                                    CI confidence interval



                           Table 4Multivariate analysis of risk factor for acute kidney injury


	 	Odds ratio
	95 % CI
	
                                            p value

	Hypertension
	9.10
	1.420–58.500
	0.020

	Stanford A
	25.20
	3.100–205.00
	0.003

	Platelet (×104/mm3)
	0.82
	0.683–0.984
	0.033


Adjusted for age, sex, hypertension, diabetes, hemoglobin level, albumin level, eGFR, platelet level, fibrinogen level, LDL-C level, and Stanford A criteria

                                    CI confidence interval
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Fig. 1Adjusted for age, sex, hypertension, diabetes, hemoglobin level, albumin, eGFR, platelet level, fibrinogen level, LDL-C level, and Stanford A criteria. There were significant differences between patients with and without AKI for history of hypertension, low platelet count, and Stanford type A aortic dissection




                        

Secondary outcome
Next, we plotted the Cr levels after aortic dissection in patients with or without AKI according to baseline Cr (on admission), peak Cr (at any time after onset), and after 6 and 12 months. Figure 2 shows that there was a significant difference between groups at peak Cr (p < 0.001), but there were no significant differences between groups in terms of in sCr levels at 6 and 12 months after admission. This indicates that kidney function in survivors was similar in those with and without AKI. Finally, we examined all-cause mortality after aortic dissection in patients with or without AKI. Figure 3 showed a significant difference in 5 all-cause mortality between the 2 groups (p < 0.05).[image: A41100_2016_61_Fig2_HTML.gif]
Fig. 2sCr levels at 6 and 12 months after admission. a There was no significant difference between groups. b There was a significant difference between the baseline sCr and peak sCr in the AKI group. There was also a significant difference between groups in the peak sCr




                           [image: A41100_2016_61_Fig3_HTML.gif]
Fig. 3Mortality after admission. There was a significant difference between groups. No patients died among those without AKI




                        


Discussion
Almost all patients were transported to the hospital urgently, as acute aortic dissection is a life-threatening. We usually receive consultations for patients with known AKI, but preventing AKI is important. If we can predict the risk factors for AKI from the medical history, laboratory data on admission, and the clinical presentation of aortic dissection, consultation with a nephrologists can be ordered before dropping renal function declines. We cooperate to participate in volume fluid and medical control management at an early stage after admission and perhaps we can also prevent AKI. Patients with medical A history of hypertension, low platelet count, and Stanford type A were the risk factors for AKI, and we had better require intervention and medical management. This is was a small number of retrospective observational study, and a small number of patients were separated into 2 groups in this study. We therefore need more patients to investigate the risk factors for AKI and mortality.
A retrospective study regarding the incidence and risk factors for AKI after thoracic aortic surgery for aortic dissection determined that preoperative sCr level and cardiopulmonary bypass duration longer than 180 min were independent risk factors for AKI [8]. In another study, extracorporeal circulation time, body mass index, perioperative peak serum C-reactive protein concentration, renal malperfusion, and perioperative sepsis were risk factors for AKI in patients with Stanford type A aortic dissection who underwent surgery [12]. Another study about on the incidence and risk factors of for AKI after DeBakey type III aortic dissection determined that a history of hypertension, electrocardiographic ST-T changes, DeBakey type IIIb, and sCr level on admission were risk factors for AKI [20]. Several risk factors were reported in the previous study, and the risk factors were differentiated depending on the patient background and perioperative care. In previous studies, the RIFLE criteria were used to determine the presence or absence of AKI; no studies considered urinary volume. In this study, we also used the RIFLE criteria to determine the presence or absence of AKI, because we investigated the transition change in sCr within 7 days of admission. In the previous studies, the preoperative sCr level or the sCr level on admission was defined as the baseline, but the sCr level several months before the acute aortic dissection was not measured in almost all of the patients included in the studies. In this study, renal function 6 months before admission was measured only in 9 patients, because almost all of the patients in this study came to our hospital for the first time. We defined the baseline sCr as the lowest level in 7 days after admission; therefore, the sCr level on admission was probably higher, and the sCr level after admission was lower than the baseline level.
A history of hypertension was probably related to Stanford type A or extensive aortic dissection, and led to disseminated intravascular coagulation, which in turn led to the abnormality in the congealing fibrinogenolysis system and a low platelet count. Aortic dissection or surgery may decrease the platelet count, but the baseline used in this study was collected on admission and also before surgery. Therefore, abnormality of the congealing fibrinogenolysis system and a low platelet count were caused not only by surgery but also by aortic dissection itself. Other than these two abnormalities, there were no significant bleeding disorders in groups with and without AKI.
We showed that AKI after aortic dissection was a predictor of 1-year mortality, but renal function was not damaged but significantly affected. A retrospective study of the incidence and risk factors for AKI after thoracic aortic surgery for Stanford type A dissection reported that AKI worsened the in-hospital, 30-day, and 1-year mortality [8, 12]. Another study on the incidence and risk factors for AKI after DeBakey type III aortic dissection also reported that AKI worsened mortality, because in-hospital complications were higher in patients with AKI [20]. In this study, the median age was higher, and the percentage of Stanford type A was the same as in previous studies. All surgeries were emergency, and all patients who underwent surgery had Stanford type A aortic dissection. Emergency surgery and perioperative complications are more likely to predispose to higher mortality than Stanford type B.
There are few studies on long-term mortality. In this study, renal function at 6 and 12 months after admission was relatively preserved, and there were no statistically significant differences between groups. Although renal function was relatively preserved, patients with AKI had a longer hospital stay required transfer for rehabilitation. Impaired activities of daily living may contribute to higher mortality.
This study had some limitations. First, this was a single-center study. There are differences in surgical technique and treatment between hospitals, so the risk factors for AKI and mortality may vary. Because risk factors and mortality vary among racial groups, multicenter studies are needed worldwide. Second, very few of the patients visited the hospital regularly before they were admitted; we therefore did not know their baseline renal functions. We defined the lowest sCr level in the hospital 7 days after admission as the baseline. Third, there were more patients with Stanford type A aortic dissection who were not followed up than patients with Stanford type B, because many with Stanford type A transferred for rehabilitation. Finally, a multicenter, large-scale study on the unsolved issues described in this study is needed in the future.

Conclusions
A history of hypertension, low platelet count, and Stanford type A aortic dissection on admission could be risk factors for AKI after initial aortic dissection, and the all-cause mortality was higher in patients with AKI than in patients without AKI.
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