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Abstract: 
Objective: This study aimed to determine the risk factors predisposing to postoperative acute kidney injury (AKI) after 

type A aortic dissection repair; regarding patient-related, surgery-related and anesthesia-related factors.

Material and Methods: A retrospective cohort study was conducted in patients who underwent type A aortic dissection 

repair under cardiopulmonary bypass (CPB), during the periods from January 2008 and December 2019. Patient-related, 

surgery-related and anesthesia-related factors were evaluated for association with AKI. AKI was defined by the Kidney 

Disease: Improving Global Outcomes criteria. The outcomes and mortality of AKI were also investigated. 

Results: Included were 95 patients, and the incidence of AKI was 65.3%. The 30-day mortality resulted only in the 

AKI group (14.9%). From multivariate logistic regression analysis, receiving intraoperative cryoprecipitate (odd ratio; OR 

14.18; 95% confidence interval (CI), 3.27-61.5) and PRC transfusion (OR 1.001; 95% CI, 1.0005-1.002) in ICU were the 

risk factors for AKI. The protective factors were: higher preoperative serum bicarbonate levels (OR 0.83; 95% CI, 0.70-

0.99), higher volume of urine output during CPB (OR 0.71; 95% CI, 0.55-0.91) and higher immediate postoperative mean 

arterial pressure (OR 0.95; 95% CI, 0.92-0.98). Thirty-day mortality was significantly higher in the AKI group (14.5% vs 
0%; p-value=0.025), and 15.0% of patients required renal replacement therapy. 

Conclusion: The higher level of three factors including preoperative serum bicarbonate levels (>23 mmol/l), volume of 

urine output during CPB and immediate postoperative mean arterial pressure (>81 mmHg) are likely to be the protective 
factors of AKI. 
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Introduction
 Acute kidney injury (AKI) is a major and morbid 

complication after type A aortic dissection surgery. It 

increases mortality, progression of chronic kidney disease 

(CKD), renal replacement therapy (RRT) and cost.1,2 

Incidence of AKI after type A aortic dissection surgery 

has been reported to be higher than any other cardiac 

surgery. Numerous pathophysiologies of AKI in cardiac 

settings; including, complexity of diseases,  hemodynamic 

changes during the procedure and surgical correction 

of type A aortic dissection in a high-risk operation are 

mentioned. The mechanisms of cardiac surgery related to 

AKI include perioperative renal ischemia, reperfusion injury, 

cardiopulmonary bypass induced hemolysis, oxidative stress 

and inflammation.3 Atheroemboli to the kidney can occur 

after aortic cannulation and cross clamping, that further 

potentiate ischemia and inflammation.4,5 

 A number of previous studies have evaluated risk 

factors associated with postoperative AKI; in aspects of 

patient-related and surgical-related factors.4,6–8 However, 

few studies have paid attention to anesthetic-related 

factors.9–11 Hence, this study is dedicated to examine the risk 

factors predisposing to postoperative acute kidney injury; 

regarding patient-related, surgery-related and anesthesia-

related factors in type A aortic dissection repair.

Material and Methods
 The study was approved by the Human Research 

Ethic Committee of the faculty of Medicine, Prince of Songkla 

University. A retrospective cohort study was conducted and 

reviewed patients who underwent type A aortic dissection 

repair; between 2008 and 2019, at Songklanagarind Hospital, 

a tertiary care hospital in southern Thailand. Patients who 

had preexisting end stage renal disease (glomerular filtration 

rate <15 mL/min/1.73 m2), preoperative dialysis or died 

in the operating room were excluded. AKI was defined 

by Kidney Disease: Improving Global Outcomes (KDIGO) 

classification was proven to be a more predictive tool with 

excellent prognostic abilities, than Risk Injury Failure Loss 

of kidney function and End-stage kidney disease (RIFLE) 

criteria.12 KDIGO classification can be classified into 3 

categories: stage 1 happens when an increase of serum 

creatinine (sCr) goes beyond its baseline level by 1.5 times. 

Once it becomes 2 times higher than baseline, it reaches 

stage 2. Stage 3 can be detected if sCr increases by 3 

times over baseline, or upon initiation of RRT. The variables 

collected were categorized into patient-related, surgical-

related and anesthesia-related risk factors. The patient-

related risk factors; including, demographic characteristics, 

co-existing disease, medications, preoperative laboratory 

results, preoperative hemodynamic data and aortic 

dissection related complications were obtained. Types of 

operation and surgical techniques were reviewed from 

representative surgeons. The cardiopulmonary bypass 

(CPB) time and aortic cross clamp time were collected from 

the perfusionist recorded data. Anesthetic details, consisting 

of: American Society of Anesthesiologist (ASA) classification, 

colloids, blood components, urine output, blood sugar, 

hemodynamic data and medication for hemodynamic 

support, were reviewed. Intraoperatively, blood transfusion 

protocols are decided by the anesthesiologist with the blood 

product being in a 1:1:1 ratio of PRC:FFP:Platelets are 

administered. If the surgical site still continues bleeding or 

oozing after administering the blood transfusion protocol, 

cryoprecipitate will be administered. Postoperative outcomes 

and complication data were taken from the intensive care 

unit (ICU) admissions and progress notes. Immediate 

postoperative mean arterial pressure was defined as: the 

mean arterial pressure being initially recorded within 15 

minutes after the patient was transferred to the intensive 

care unit. Outcome of interest was acute kidney injury 

defined by KDIGO and the factors affecting AKI were divided 

into patient-related, surgical-related and anesthesia-related 

factors.
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 The sample size was calculated using binary data 
Formula of Cohort study. A probability of outcome occurring 
in the AKI group was 0.1 and the non-AKI group was 
0.3613. A total of 108 patients were required. After patients 
were separated into AKI group and non-AKI groups, by 
KDIGO criteria, preoperative and intraoperative factors were 
analyzed to determine their relevance to the possible factors 
for AKI. Continuous values were numerically presented as 
mean (standard deviation), or median (interquartile range). 
Categorical values were demonstrated as percentage of 
frequency. Univariate analysis, with chi-squared test or 
Fisher’s exact test for categorical variables along with 
Kruskal-Wallis test for continuous variables was applied in 
order to compare the baseline characteristics of the patients 

among the study sites. Only those variables for which the 
p-value<0.050 were considered for potential factors. After 
which, multivariate stepwise logistic regression analysis was 
used to identify independent risk factors of AKI; presented 
by odds ratio (OR) and 95% confidence interval (CI). The 
outcomes and mortality of AKI were also investigated. R 
statistics version 3.6.2 was used for all statistical analysis.

Results
 A total of 95 patients were included, after exclusion 
criteria were applied, as Figure 1. AKI developed in 62 of 
the 95 patients. Among those with AKI, 32 patients (51.6%) 
were in stage 1, 14 (22.6%) in stage 2 and 16 (25.8%) in 
stage 3. 

ESRD=end stage renal desease

Figure 1 Flow of the study and participate enrollment

Patient undergoing aortic dissection type A repair between 2008-2019 
(n=108)

 Excluded (n=13)
 -Not meeting inclusion criteria
 -Death on table (n=9)
 -ESRD (n=3)
 -Misdiagnosis (n=1)

Enrollment (n=95)

Grade 1
(n=32)

Acute kidney injury (n=62) No acute kidney injury (n=33)

Grade 2
(n=14)

Grade 3
(n=16)
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 Demographic data and clinical characteristics data 

are demonstrated in Table 1. From univariate analysis, 

the AKI group had slightly higher preoperative blood urea 

nitrogen (BUN) and serum creatinine (sCr) levels in addition 

tolower levels of serum bicarbonate than patients without 

AKI. There were no significant differences between the two 

groups in terms of demographic characteristics, co-existing 

diseases, medications and disease-related complications. 

Diastolic blood pressure (DBP) tended to be higher in the 

AKI group; p-value=0.035. In addition, partial time (PT) and 

international normalized ratio (INR) were also higher in the 

AKI group (p-value=0.003, p-value=0.002, respectively).

 The surgery and CPB related factors are shown 

in Table 2. The volume of urine output during CPB was 

significantly higher in the non-AKI group (p-value=0.001). 

The lowest hematocrit during CPB was higher in the non- 

AKI group (p-value=0.029). In the intensive care unit, 

total blood loss in the AKI group was greater than in the 

non-AKI group (p-value=0.039), and the requirement of 

blood component transfusion; including, PRC (pack red 

Table 1 Demographic data and clinical characteristics among postoperative patients with and without acute kidney injury

  

Factors AKI (n=62) No AKI (n=33) p-value

Demographics
Age (years), mean (S.D.) 54.9 (12.8) 51.6 (12.3) 0.231
Gender
   Male 45 (72.6) 18 (54.5) 0.123
   Female 17 (27.4) 15 (45.5)
BMI, kg/m2    

   <30 55 (90.2) 32 (97.0) 0.415
   ≥30 6 (9.8) 1 (3.0)
Co-existing disease
   Diabetes mellitus 5 (8.1) 3 (9.1) 1.000
   Hypertension 36 (58.1) 19 (57.6) 1.000
   Chronic kidney disease 10 (16.1) 2 (6.1) 0.206
   Peripheral arterial disease 2 (3.2) 1 (3.0) 1.000
   Cerebrovascular accident 3 (4.8) 1 (3.0) 1.000
   Chronic heart failure 2 (3.2) 0 (0.0) 0.542
   Chronic obstructive pulmonary disease 3 (4.8) 0 (0.0) 0.549
   Anemia 26 (41.9) 16 (48.5) 0.693
   Smoking 13 (21.0) 4 (12.1) 0.430
Current medications
   Aspirin 23 (37.1) 9 (27.3) 0.461
   Metformin 0 (0.0) 1 (3.0) 0.347
   ACEI/ARBs 12 (19.7) 9 (27.3) 0.531
   Diuretics 4 (6.5) 4 (12.1) 0.443
   Statins 9 (14.5) 5 (15.2) 1.000
Laboratory data at admission
   BUN (mg%), mean (S.D.) 19.1 (7.4) 15.6 (5.9) 0.019
   Creatinine (mg%), median (IQR) 1.2 (0.9, 1.7) 1.0 (0.8, 1.2) 0.031
   Sodium (mmol/l), mean (S.D.) 138.4 (4.1) 137.6 (4.7) 0.402
   Potassium (mmol/l), median (IQR) 4.0 (3.7, 4.4) 3.8 (3.5, 4.2) 0.161
   HCO

3 (mmol/l), median (IQR) 21.0 (18.0, 23.0) 23.0 (21.0, 25.0) 0.040
   Albumin (g%), mean (S.D.) 3.8 (0.5) 3.7 (0.5) 0.354
   Platelet (*109/l), median (IQR) 204.5 (150.7, 258.5) 206.0 (161.0, 255.0) 0.702
   Prothrombin time (seconds), median (IQR) 13.6 (12.2, 14.7) 12.3 (11.9, 13.5) 0.003
   Partial thromboplastin time (seconds), median (IQR) 28.0 (25.7, 30.9) 26.8 (25.7, 28.9) 0.320
   INR, median (IQR) 1.2 (1.1, 1.3) 1.1 (1.0, 1.1) 0.002
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Table 2 Surgery-related factors and cardiopulmonary bypass-related factors among postoperative patients with and 
 without acute kidney injury  

Factors AKI (n=62) No AKI (n=33)  p-value

Operation 
   Ascending aortic replacement 50 (80.6) 27 (81.8) 0.677
   Aortic arch replacement 10 (16.1) 4 (12.1)
   Ascending + aortic arch replacement 2 (3.2) 2 (6.1)
Additional operation
   Valve replacement 9 (14.5) 9 (27.3) 0.217
   Coronary artery bypass graft 2 (3.2) 2 (6.1) 0.608
Cardiopulmonary bypass time (min), median (IQR) 240.5 (187.5, 303.8) 239.0 (215.0, 267.0) 0.659
Aortic cross clamp time (min), median (IQR) 98.0 (73.0, 144.0) 101.0 (63.0, 135.0) 0.680
   Technique
      Moderate hypothermia circulatory arrest (min), median (IQR)  41.0 (30.5, 55.2) 57.0 (51.0, 72.5) 0.194
      Deep circulatory arrest time (min), median (IQR) 44.5 (40.0, 53.2) 48.0 (38.8, 56.5) 0.383
During Cardiopulmonary bypass
   Volume of urine output (ml/kg/hr), median (IQR) 1.5 (0.7, 2.4) 2.7 (1.6, 3.8) 0.001
      <0.5 9 (14.5) 0 (0.0) 0.025
      ≥0.5 53 (85.5) 33 (100)
   Lowest Hematocrit, mean (S.D.) 22.4 (3.7) 24.3 (4.3) 0.029
   Lowest Mean arterial pressure (mmHg), median (IQR) 40.0 (40.0, 50.0) 40.0 (40.0, 50.0) 0.756
Blood component in ICU, median (IQR)
   PRC (ml) 1,542 (936.0, 2,219.0) 736 (542.0, 1,365.0) <0.001
   FFP (ml) 1,045 (541.5, 1,718.0) 543 (0.0, 1,054.0) 0.001
   Platelet concentration (ml) 410 (289.5, 727.5) 0 (0.0, 388.0) 0.001
   Cryoprecipitate (ml) 0 (0.0, 50.0) 0 (0.0, 0.0) <0.001
   Total blood loss in ICU (ml) 1,915 (1,042.5, 3,152.5) 1,400 (850.0, 2,500.0) 0.039

Data are presented as number (%), unless indicated otherwise 
IQR=interquartile range, S.D.=standard deviation, PRC=pack red cell, FFP=fresh frozen plasma, AKI=acute kidney injury

Table 1 (continued)  

Factors AKI (n=62) No AKI (n=33) p-value

Preoperative hemodynamic data
   Systolic blood pressure (mmHg), mean (S.D.) 126.8 (26.2) 127.5 (18.3) 0.905
   Diastolic blood pressure (mmHg), mean (S.D.) 71.5 (16.6) 64.4 (13.4) 0.035
   Mean arterial pressure (mmHg), mean (S.D.)    90.0 (17.3) 85.4 (12.6) 0.183
   Heart rate (bpm), mean (S.D.) 87.8 (19.6) 81.5 (17.8) 0.125
   Use of inotropic drug 11 (17.7) 4 (12.1) 0.675
   Use of vasodilator 9 (14.5) 3 (9.1) 0.533
   Use of calcium channel blocker 32 (51.6) 19 (57.6) 0.735
 Disease-related complication
   Renal involvement
      Unilateral involvement 17 (73.9) 9 (100) 0.150
      Bilateral involvement 6 (26.1) 0 (0.0)
   AKI malperfusion syndrome 25 (73.5) 5 (55.6) 0.417
   Cardiac tamponade 8 (12.9) 1 (3.0) 0.156
   Coronary dissection 3 (4.8) 2 (6.1) 1.000
   Aortic regurgitation 15 (24.2) 11 (33.3) 0.478

Data are presented as number (%), unless indicated otherwise 
IQR=interquartile range, S.D.=standard deviation, BMI=body mass index, ACEI=angiotensin-converting enzyme inhibitors, ARBs=angiotensin II 
receptor blockers, BUN=blood urea nitrogen, HCO3=bicarbonate, AST=aspartate aminotransferase, ALT=Alanine aminotransferase, ALP=alkaline 
phosphatase, s=second, INR=international normalized ratio, bpm=beats per minute, AKI=acute kidney injury
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cell), fresh frozen plasma (FFP), platelet concentration 

and cryoprecipitate in the AKI group was higher than 

in the non-AKI group (p-value<0.001, p-value=0.001, 

p-value=0.001, p-value<0.0001, respectively). There was 

no significant different between the two groups in terms of 

types of operation, techniques, CPB time and aortic cross 

clamp time.

 Anesthesia-related and intraoperative factors are 

shown in Table 3. Higher volumes of FFP were administered 

in the AKI group (p-value=0.007). The use of cryoprecipitate 

was also significantly higher in the AKI group (p-value= 

0.004). Systolic blood pressure (SBP), DBP and immediate 

mean arterial pressure (MAP) at the ICU were significantly 

higher in patients without AKI (SBP 109.9 (22.4) mmHg 

versus 123.4 (23.0) mmHg, p-value=0.007, DBP 57.9 (10.7) 

mmHg versus 65.3 (11.3) mmHg, p-value=0.002, MAP 75 

(13.3) mmHg versus 84.2 (14.6) mmHg p-value=0.002). 

There were no significant differences between the two 

groups regarding; ASA classification, fresh gas flow, colloid 

and medication for hemodynamic support.

Table 3 Anesthesia-related and intraoperative-related factors among postoperative patients with and without acute 

 kidney injury 

Factors AKI (n=62) No AKI (n=33) p-value

ASA classification
   3E 20 (32.2) 12 (36.4) 0.922
   4E 38 (61.3) 19 (57.6)
   5E 4 (6.5) 2 (6.1)
Dexamethasone 59 (95.2) 32 (100) 0.549
Fresh gas flow during use sevoflurane
   <2 LPM 43 (69.4) 23 (69.7) 1.000
   ≥2 LPM 19 (30.6) 10 (30.3)
During cardiopulmonary bypass
Mean blood sugar (mg/dl), median (IQR)  191.0 (155.0, 267.0) 220.0 (200.5, 271.5) 0.238
Vasopressor infusion during CPB 28 (45.2) 15 (45.5) 1.000
Colloid
   Use of gelofusine 6 (9.7) 1 (3.0) 0.415
   Use of voluven 7 (11.3) 2 (6.1) 0.489
Blood component
   PRC (ml), median (IQR)  829.0 (583.0, 1,293.0) 1,000.0 (710.5, 1,341.5) 0.514
   FFP (ml), median (IQR)  1,080.0 (1,015.0, 1,680.0) 1,020.0 (850.0, 1,073.0) 0.007
   Platelet concentration (ml), median (IQR)  518.0 (351.2, 613.8) 383.0 (344.8, 605.0) 0.416
   Use of cryoprecipitate 27 (43.5) 4 (12.1) 0.004
Medication for hemodynamic support after separation CPB
   Use of inotrope 45 (72.6) 25 (75.8) 0.928
   Use of vasodilator 15 (24.2) 7 (21.2) 0.942
   Use of calcium channel blocker 5 (8.1) 5 (15.2) 0.309
Hemodynamic data after transfer to ICU, mean (S.D.)
   Systolic blood pressure (mmHg) 109.9 (22.4) 123.4 (23) 0.007
   Diastolic blood pressure (mmHg) 57.9 (10.7) 65.3 (11.3) 0.002
   Mean arterial pressure (mmHg) 75.0 (13.3) 84.2 (14.6) 0.002
   Heart rate (beat per minute) 96.7 (22.3) 90.9 (18.2) 0.204

Data are presented as number (%), unless indicated otherwise 
IQR=interquartile range, S.D.=standard deviation, ASA=American Society of Anesthesiologist, LPM=liter per minute, PRC=pack red cell, 
FFP=fresh frozen plasma, CPB=cardiopulmonary bypass



Journal of Health Science and Medical Research                                                   J Health Sci Med Res 2022;40(4):379-390385

Chanchayanon T, et al.Factors Related Acute Kidney Injury after Type A Aortic Dissection

 Univariate analysis was used first to identify possible 

risk factors for AKI, as above, and then the multivariate 

model was used to include variables that were significant 

in univariate analysis. The results of multivariate logistic 

analysis of significant risk factors are shown in Table 4. 

Preoperative elevated serum bicarbonate levels (OR 0.83; 

95% CI, 0.70, 0.99), higher volume of urine output during 

CPB (OR 0.71; 95% CI, 0.55, 0.91) and higher postoperative 

MAP (OR 0.95; 95% CI, 0.92, 0.98) were likely to be 

protective factors of AKI. In contrast, administration of 

intraoperative cryoprecipitate (OR 14.18; 95% CI, 3.27, 61.5) 

and receiving PRC transfusion in the ICU (OR 1.001; 95% 

CI, 1.0005, 1.002) tended to be a risk factor for AKI. The 

final model is illustrated in Figure 2. The area under the 

receiver operating characteristic (ROC) curves was 0.88, 

sensitivity 80.7% (95% CI, 68.6-89.6%), specificity 84.9% 

(95% CI, 68.1-94.9%); confirming the power of the best 

model for predictor risk factors of AKI.

 The 30-day mortality occurred only in the AKI 

group (14.5% vs 0, p-value=0.025). Renal replacement 

therapy was required in 9 (14.5%) AKI patients. There was 

a significantly higher duration of intensive care unit stay (7 

days [4, 10] versus 4 days [2, 6], p-value=0.003) in the 

AKI group. Postoperative outcomes are shown in Table 5.

Discussion
 This retrospective study examined the risk factors 

and outcomes of AKI, following type A aortic dissection 

regarding patient-related, surgical-related and anesthetic- 

related factors. AKI was diagnosed by the KDIGO criteria12, 

which is a more predictive tool for mortality, and has a 

higher incidence of AKI diagnosed than RIFLE criteria. 

Incidence of AKI in our study was 65.3% (62/95), which 

was higher than previous reports using RIFLE criteria6,13–15 

and 15.0% of patients required RRT. The 30-day mortality 

rate was 14.5% in the AKI group. There was a significant 

Table 4 Multivariate analysis of risk factors and protective factors for acute kidney injury

Factors Odds ratio [OR] (95%CI) p-value

Preoperative serum bicarbonate level 0.83 (0.70, 0.99) 0.037
Volume of urine output during CPB 0.71 (0.55, 0.91) 0.044
Use of Cryoprecipitate 14.18 (3.27, 61.50) <0.001
MAP after transfer to ICU 0.95 (0.92, 0.98) 0.047
PRC transfused in ICU 1.001 (1.0005, 1.002) <0.001

CPB=cardiopulmonary bypass, MAP=mean arterial pressure, PRC=pack red cell, ICU=intensive care unit

Table 5 Postoperative outcomes and complication

Outcomes AKI (n=62) No AKI (n=33) p-value

30 days mortality 9 (14.5) 0 0.025
ICU stay (days), median (IQR)  7 (4.0, 10.0) 4 (2.0, 6.0) 0.003
Renal replacement therapy 9 (14.5) 0 0.025
CKD progression 4 (6.5) 0 0.365

Data are presented as number (%), unless indicated otherwise 
IQR=interquartile range, ICU=intensive care unit, CKD=chronic kidney disease.



Chanchayanon T, et al.Factors Related Acute Kidney Injury after Type A Aortic Dissection

Journal of Health Science and Medical Research                                                    J Health Sci Med Res 2022;40(4):379-390386

AUC=0.88, sensitivity 80.7% (95% CI, 68.6-89.6%), specificity 84.9% (95% CI, 68.1-94.9%)

Figure 2 Receiver operating characteristic curves of the final model for predictor acute kidney injury

trend toward 30-day mortality along with the severity of AKI 

(stage 1, 9.0%; 2, 14.0%, 3; 25.0%), which was comparable 

to previous studies.14–16 

 To date, many studies have documented risk 

factors of AKI in type A aortic dissection surgery; such as, 

hypertension, preoperative elevated serum creatinine13,15,17, 

prolonged CPB time and red blood cell transfusion.2,18 

Several risk factors have also been differentiated, 

depending on patient characteristics and perioperative 

care. In our multivariate logistic regression analysis results, 

administration intraoperative cryoprecipitate after CPB 

separation and received PRC transfusion in the intensive 

care unit, tended to be a risk factor for AKI. Generally, 

aortic dissection is associated with an intense activation of 

coagulation, the fibrinolytic system and platelets18; resulting 

in high rates of reoperation for postoperative bleeding 

that require a lot of blood component transfusions in 

the postoperative period. Moreover, the outcomes found 

in the study agree with the findings that receiving PRC 

transfusions are considered as a risk factor of AKI stage 

3.19 The situation is probably explained by the effect of a 

great deal of RBC transfusions; such as, impaired oxygen 

delivery, and lowered red blood cell deformability.  

 A recent study has also reported that type A aortic 

dissection is at high risk for perioperative coagulopathy.18 

Therefore, clotting factors and fibrinogen concentration 

should be further increased to mitigate consumption 

coagulopathy. Thus, the rapid and sufficient supplementation 

of clotting factors and fibrinogen, after hypothermic 

circulatory arrest, should be considered.20 According 

to the Tomita et al. study, patients administered with 

cryoprecipitate, plus FFP experienced significantly less 

blood loss, and required significantly fewer units of FFP 

than FFP alone.21 Cryoprecipitate contains fibrinogen and 

other coagulation factors; particularly factor VIII, fibrinogen, 

Von Willebrand factor along with high concentrations of 

platelet microparticles. Additionally, it effectively stops 

bleeding and promotes wound healing. The potential 
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mechanism for cryoprecipitate transfusion causing AKI is 

still unknown. Some evidences show immune factors might 

also play an important role in the increased risk of AKI with 

cryoprecipitate.22 Platelet and leukocyte interactions appear 

to be a critical step in inflammation.23 Additionally, local and 

systemic inflammation plays a significant part in the initiation 

and extension phases of AKI.24 Platelet microparticles make 

up one component in cryoprecipitate, having 50- to 100-fold 

higher specific procoagulant activity than activated platelets, 

and are strongly immunogenic.25 Thus, cryoprecipitate might 

have a potentially strong ability of promoting thrombosis. 

Liu et al. study demonstrated the incidence of AKI in 

patients with cryoprecipitate transfusions was significantly 

higher than in patients without cryoprecipitate transfusions 

(15.9 vs. 7.8%; p-value=0.012), after orthotopic liver 

transplants.26 Currently, there have been very few studies 

on the efficacy and complications of cryoprecipitate in the 

cardiac perioperative settings, because most centers are 

less likely to administer perioperative cryoprecipitate than 

red blood cells, FFP and platelet transfusions in open 

cardiac surgery; including type A aortic dissection surgery.27 

Thus, the administration of cryoprecipitate should be guided 

by viscoelastic monitoring, or clinical settings when the 

complications and efficacy of cryoprecipitate are still not 

delineated. Further investigation on possible mechanisms  

for the development of AKI following cryoprecipitate is 

required. 

 The common protective factors of AKI were elevated 

preoperative serum bicarbonate level, higher volume of  

urine output during CPB, and higher MAP.

 Our results demonstrated a higher preoperative 

serum bicarbonate (HCO3) level was likely to be a protective 

factor for AKI. However, it is in a normal range. In our 

study, we further analyzed what the optimal cut-off point 

of preoperative serum HCO3 level contributing to AKI 

should be. We found that a preoperative serum HCO3 

level lower than 23 mmol/L was associated with AKI. Our 

results support that a below normal levels of serum HCO3 

(<23 mmol/L) was associated with higher incidence of 

AKI, and a prolonged ICU stay.28 Furthermore, a higher 

serum HCO3 level is associated with a lower risk of CKD 

progression, and may be effective for prevention.29 However, 

a multicenter double-blinded randomized controlled trial has 

demonstrated prophylactic perioperative sodium bicarbonate 

is not recommended for postoperative AKI prevention 

following cardiac surgery, and possibly increases mortality.30 

However, preoperative serum HCO3 levels may be used as 

a predictor for the early detection of postoperative AKI.

 Another protective factor for AKI, in our study, 

was a higher volume of urine output during CPB. Urine 

output usually represents renal function, and is used as 

part of the KDIGO criteria for AKI diagnosis. There are 

several mechanisms that alter renal homeostasis during 

CPB; including hypothermia and hemodilution. Evidences 

related to urine flow during CPB associated with AKI are 

still controversial. Some studies, investigating the predictors 

of AKI, have reported urine output as insignificance.31,32 

In our multivariate analysis, higher urine output was 

associated with AKI as being one of the protective factors. 

This is in accord with a previous study that reported the 

possible relevance of urine output during CPB to the risk 

of postoperative AKI.33 An amount of urine output lower 

than 1.7 ml/kg/hour during CPB was associated with AKI. 

Although, some studies demonstrated that urine output is 

not associated with AKI, assessment of urine volume during 

CPB is important as guidance for CPB management, so 

as to ensure renal perfusion. Additionally, it is currently the 

only available test for kidney function during this period, 

also it is a simple and the fastest tool. 

 Higher MAP was also inclined to be a protective factor 

for AKI. Evidence related to blood pressure targets, before 

and after CPB during cardiac surgery, is still lacking and 

controversial.34 Some practitioners use the considerations for 

non-cardiac surgery as a reference. From previous studies, 
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maintaining MAP within 70-100 mmHg, were still within a 

wide range.35–37 Some studies report that the incidence 

of AKI was not significantly different between different 

MAP (75-85 versus 50-60 mmHg) during normothermic 

CPB, based on different, randomized controlled trials.36 

Kidney perfusion is regularly autoregulated. For example, 

glomerular filtration is maintained until the mean arterial 

blood pressure falls below 80 mmHg. However, mean 

arterial blood pressure during cardiac surgery is often below 

the limits of autoregulation. Moreover, cardiac surgery 

patients have impaired autoregulation, due to existing 

comorbidities or a proinflammatory, ischemia-reperfusion 

injury and endotoxemia.38,39 Interestingly, the lower limit of 

renal autoregulation is in accordance with our results. Our 

study showed a MAP lower than 81 mmHg was associated 

with postoperative AKI. Hence, it might be reasonable to 

maintain higher MAP in cardiac settings. Although, a MAP 

higher than 81 mmHg was likely to be a protective factor of 

AKI in our study, high blood pressure-related postoperative 

bleeding is one of the surgeons’ concerns. Therefore, both 

anesthesiologists and surgeons need to discuss what level 

of acceptable blood pressure should be maintained. The 

determination of blood pressure targets in perioperative care 

should consider the patient’s baseline, types of surgery, risk 

of hypotension-related organ ischemia and hypertension-

related bleeding.34 So, organ ischemia monitoring should 

be measured for the optimal blood flow to vital organs. 

 The strengths of this study were that the use of 

multivariate logistic regression analysis takes into account 

the adjustment for potential independent predictors, and 

using the ROC curve, which has a high prediction ability 

(area under the curve=0.88). 

 The limitations of this study are as follows. In addition 

to this being a retrospective cohort study; there were only a 

small number of patients to investigate for other factors each 

year. There were also differences in surgical techniques 

and blood transfusion protocols each year. The protective 

factors should be considered altogether, rather than as 

single factors; because individual AUC was not relatively 

high. Future prospective studies are required to control 

confounding factors, and identify the potential risk factors 

for AKI, following type A aortic dissection surgery.

Conclusion
 In summary, our study found that administration 

intraoperative cryoprecipitate was associated with 

postoperative AKI, following type A aortic dissection repair 

under CPB. Avoidance of this risk factor may prevent AKI, 

and reduce mortality in this high-risk open-heart surgery. 

Higher preoperative serum bicarbonate levels, higher 

volume of urine output during CPB and higher immediate 

postoperative mean arterial pressure were likely to be 

protective factors of AKI.
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