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ABSTRACT

Background: The aim of this study was to analyse the dif-
ferences in renal function among various types of renal artery 
involvement in acute Debakey Type I aortic dissection.

Methods: From January 2016 to January 2018, 304 con-
secutive patients with acute Debakey type I aortic dissection 
with renal artery involvement were included. According to 
computed tomography angiography (CTA) findings, renal 
artery involvement on one side can be classified into four 
types: type A, in which a large intimal tear is near the renal 
artery orifice; type B, the orifice of the renal artery originates 
entirely from the false lumen; type C, the orifice of the renal 
artery originates entirely from the true lumen; and type D, 
a renal artery dissection is observed. All patients underwent 
aortic repair.

Results: The average age was 46.98±10.64 years. The 
types of bilateral renal artery involvement were as follows: AB 
type, four patients (1.32%); AC type, 38 patients (12.50%); 
AD type, three patients (0.99%); BB type, 13 patients (4.28%); 
BC type, 140 patients (46.05%); BD type, four patients 
(1.32%); CC type, 76 patients (25.00%); and CD type, 26 
patients (8.55%). One-way ANOVA showed that there was 
no significant difference in serum creatinine (P = .57) and cre-
atinine clearance rate (P = .08) between the groups. A statisti-
cally significant difference in age, gender, body mass index, 
hypertension history and aortic dissection onset time also 
was not observed (P > .05). The overall incidence of KDIGO 
acute kidney injury (AKI) was 49.67%. There was no signifi-
cant difference in AKI incidence between different types of 
renal artery involvement after aortic surgery (P = .39). For 
patients needing renal replacement therapy, CTA showed 
that enhancement of renal cortex in the arterial phase was 
low and the boundary between the cortex and medulla was 
unclear in bilateral kidneys.

Conclusion: The types of renal artery involvement did 
not affect renal function in the acute phase.

INTRODUCTION

Debakey type I aortic dissection often involves the renal 
arteries. However, no study has reported the proportion 
of different types of renal artery involvement or explored 
whether different types of renal artery involvement can affect 
serum creatinine levels. The main purpose of this study was 
to establish the classification of renal artery involvement in 
Debakey type I aortic dissection patients by using aortic com-
puted tomography angiography (CTA) as an imaging tool and 
to analyse the differences in renal function among various 
types of renal artery involvement.

PATIENTS AND METHODS

Patient data: Between January 2016 to January 2018, 
data from 304 consecutive patients diagnosed with Debakey 
type I aortic dissection retrospectively were collected from  
Beijing Anzhen Hospital. Patients who suffered chronic renal 
insufficiency were excluded. All the patients underwent aortic 
repair. The Ethics Committee of Beijing Anzhen Hospital 
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Figure 1. Classification of renal artery involvement. A, Right renal artery 
involvement, type A; B, Right renal artery involvement, type B; C, Left 
renal artery involvement, type C; D, Left renal artery involvement, type 
D. Arrow indicates the orifice of the renal artery. Square indicates the
false lumen. Asterisk indicates the true lumen.
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approved this retrospective study and waived the need for 
consent from individual patients.

Classification of renal artery involvement: According to 
CTA results, renal artery involvement on one side can be 
classified into four types: type A, in which a large intimal 
tear is near the renal artery orifice, it is difficult to distin-
guish whether the renal artery originates from a true or false 
lumen (Figure 1A); type B, the orifice of the renal artery 
originates entirely from the false lumen (Figure 1B); type 
C, the orifice of the renal artery originates entirely from 
the true lumen (Figure 1C); and type D, a renal artery dis-
section is observed, and renal artery intima can be observed  
(Figure 1D).

CT image acquisition: All studies were performed on 
a 128-slice dual-source computed tomography system 
(SOMATOM Definition Flash, Siemens Healthcare, 
Forchheim, Germany). Contrast-enhanced scans were per-
formed from the thoracic inlet to the pubic symphysis. All 
CT imaging data were acquired while the patient held his 
or her breath in deep inspiration to eliminate respiratory 
motion artefacts. The scanning parameters were as follows: 
slice collimation of 128×0.6 mm with a z-flying focal spot, 
gantry rotation time of 280 ms, pitch of 3.2, and tube volt-
age of 120 kV. Contrast medium (CM) was injected with 
an 18-gauge needle through the right antecubital vein by 
a dual-syringe power injector. Regions of interest (ROIs) 
were placed within the descending aorta to trigger the scan. 
The total volume of injected CM was adjusted, accord-
ing to body mass index (1 mL of CM per kg body weight) 
followed by 30 mL of saline solution. The injection rate 
for CM and saline solution was 4-5 mL/s for all subjects. 
Transverse images were reconstructed with a slice thick-
ness of 1 mm in 1-mm increments. The datasets were trans-
ferred to an external workstation (Syngo Multi-Modality 
Work Place, CT 2011A, Siemens Healthcare) for further 
image analysis. Using the axial data, one cardiac radiolo-
gist reconstructed and analysed the images with the volume 
rendering technique, maximum intensity projection, and  
multiplanar reconstruction.

Statistical analysis: All tests were two-sided and signifi-
cant if the P-value was <.05. The variables were analyzed 
using one-way ANOVA between different types of renal 
artery involvement.

Repeated measures ANOVA was used to analyze the time 
trend changes in renal function between different groups. 
Data were analyzed using SPSS software, version 22.0  
(SPSS Inc).

RESULTS

The average age was 46.98±10.64 years. A total of 243 
patients (79.93%) were male. The distribution of renal artery 
involvement was 45 arteries with type A (7.40%), 174 arteries 
with type B (28.62%), 356 arteries with type C (58.55%), and 
33 arteries with type D (5.43%). The distribution of types of 
left and right renal artery involvement is shown in Table 1. 
(Table 1) The types of bilateral renal artery involvement were 
as follows: AB type, four patients (1.32%) with a serum creati-
nine (sCr) level of 65.25±21.84 µmol/L and creatinine clear-
ance rate (Ccr) level of 150.95 ± 99.39 ml/min; AC type, 38 
patients (1.50%) with a sCr level of 79.20±20.21 µmol/L and 
Ccr level of 121.25 ± 33.69 ml/min; AD type, three patients 
(0.99%) with a sCr level of 77.70±23.49 µmol/L and Ccr level 
of 98.77±36.07 ml/min; BC type, 140 patients (46.05%) with 
a sCr level of 84.70±30.65 µmol/L and Ccr level of 113.53 ± 
37.74 ml/min; BD type, four patients (1.32%) with a sCr level 
of 87.78 ± 21.86 µmol/L and Ccr level of 110.00±45.12ml/
min; CC type, 76 patients (25.00%) with a sCr level of 87.94 
± 33.45 µmol/L and Ccr level of 105.78±36.69 ml/min; and 
CD type, 26 patients (8.55%) with sCr level of 93.51 ± 41.57 
µmol/L and Ccr level of 97.72 ± 32.38 ml/min.

One-way ANOVA showed that there was no significant dif-
ference in sCr (P = .57) and Ccr (P = .08) between the groups. 
A statistically significant difference in age, gender, body mass 
index, hypertension history and aortic dissection onset time 
also was not observed (P > .05) (Table 2). The overall inci-
dence of KDIGO acute kidney injury (AKI) after aortic sur-
gery was 49.67%. There was no significant difference in AKI 
incidence between the groups (P = .39). We collected sCr and 
Ccr at four time points (pre-operation, 12 hours after surgery, 
36 hours after surgery, and 60 hours after surgery). Repeated 
Measures ANOVA also showed that there was no significant 
difference in sCr and Ccr between eight groups (between-
subject) (P = .47). However, a statistically significant differ-
ence was observed in time trends of sCr and Ccr at four time 
points (within-subject) (P > .05) (Figure 2).

A total of 151 patients (49.67%) suffered AKI. Most AKI 
occurred within 12 hours after aortic repair (151 patients, 

Figure 2. Time trends of sCr before and after aortic repair

Table 1. Renal artery involvement of right and left renal artery

Type Right renal artery (N = 304) Left renal artery (N = 304)

A 34(11.18%) 11(3.62%)

B 65(21.38%) 109(35.86%)

C 195(64.14%) 61(52.96%)

D 10(3.29%) 23(7.57%)
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70.20%). Forty patients (26.49%) occurred between 12-36 
hours, three patients (1.99%) between 36-60 hours, and two 
patients (1.32%) 60 hours later. There was no significant dif-
ference between eight of the groups (P = .49) (Table 3).

A total of 35 patients needed renal replacement therapy 
(RRT) after aortic repair. Of these 35 patients, seven patients 
died in the hospital. Nineteen patients stopped RRT within 
two weeks after surgery. Other patients stopped RRT within 
three months after surgery. We reexamined CTA in nine 
patients, who needed RRT before being discharged from the 
hospital. For these nine patients, the left and right renal artery 
were shown clearly (Figure 3B). However, the enhancement 
of renal cortex in the arterial phase was low, and the boundary 
between the cortex and medulla was unclear in bilateral kid-
neys. This phenomenon was not related to the types of clas-
sification of renal artery involvement. For other patients who 
did not need RRT, we routinely reexamined aortic CTA and 
did not find a similar phenomenon, including KDIGO stage 
3 patients without RRT. Three months later after surgery, of 
these nine patients who needed RRT and also received CTA 
scan before being discharged from the hospital, five patients 
had completely normal CTA scan and CTA performance 
(Figure 3C).

DISCUSSION

Acute Debakey type I aortic dissection is a catastrophic 
disease that often requires emergency surgery to save 
lives. In the past 10 years, with the advancement of sur-
gical technology, the surgery mortality rate greatly has 
been reduced. However, the incidence of complications, 
especially AKI, has remained high, ranging from 18% 
to 77% [Ko 2015; Zhou 2018; Englberger 2011]. Renal 
malperfusion before the operation also has been reported 

as a strong risk factor for mortality [Ma 2014; Zindovic 
2019; Hoogmoed 2019]. These patients have high medical 
expenses, stay in the hospital for a long time, and have a 
poor prognosis.

Unlike the celiac artery and superior mesenteric artery, the 
renal artery has two main branches: the left and right renal 
arteries, and an accessory renal artery is not uncommon. This 
characteristic undoubtedly increases the difficulty of preoper-
ative evaluation of renal malperfusion. At present, aortic CTA 
is mainly used to evaluate the range and extent of renal artery 
involvement. The advantages of aortic CTA are objective and 
can provide good image quality. However, the disadvantages 
of aortic CTA are that it can reflect only static renal artery 
involvement and cannot reflect the dynamic perfusion of the 
renal artery. In theory, the dynamic motion of the intimal flap 
may have a significant impact on renal perfusion. Based on 
the above considerations, our team tried to determine the 
renal resistance index (RRI) by renal artery ultrasound, with 
the goal of evaluating renal malperfusion by RRI [Wu 2017].

However, renal ultrasonography had the following limita-
tions: In addition to the influence of mean arterial pressure 
and PaCO2 on the RRI, breathing and body position also 
markedly influence the results [Wu 2017; Bossard 2011]. The 
duration to complete renal artery ultrasound examination is 
long, which might increase the risk of rupture of the aortic 
dissection. Based on the above shortcomings of renal ultraso-
nography, we still prefer aortic CTA as the main imaging tool 
for the evaluation of renal malperfusion.

Chan et al reported that renal artery malperfusion is clas-
sified into three types [Chan 2012]. He concluded that type 3 
perfusion, which was defined as a renal artery perfused exclu-
sively from the false lumen, is most frequently detected in 
the left renal artery and that such perfusion was significantly 
related to the development of renal atrophy [Chan 2012]. 
The limitation of this classification is that it did not include 

Table 2. Main clinical characteristics stratified by bilateral renal artery involvement

Variable AB (N = 4) AC (N = 38) AD (N = 3) BB (N = 13) BC (N = 140) BD (N = 4) CC (N = 76) CD (N = 26) P

Age (years)* 45.75±12.04 45.74±10.43 46.33±8.39 45.00±13.08 46.14±10.58 40.50±11.90 49.08±10.51 49.42±10.04 .36

Male gender 2(50.00%) 33(86.84%) 2(66.67%) 11(84.62%) 117(83.57%) 2(50.00%) 59(77.63%) 17(65.38%) .09

Hypertension 2(50.00%) 29(76.32%) 1(33.33%) 8(61.54%) 99(70.71%) 3(75.00%) 64(84.21%) 22(84.62%) .08

DM 0(0.00%) 2(5.26%) 1(33.33%) 0(0.00%) 6(4.29%) 0(0.00%) 3(3.95%) 2(7.69%) .46

BMI* 26.80±2.43 27.07±4.24 22.39±4.47 26.40±2.55 26.60±5.83 25.55±3.33 26.73±4.01 26.54±3.21 .90

LVEF(%)* 62.25±5.80 60.58±6.40 63.33±2.89 62.75±6.72 61.14±4.78 57.50±2.08 62.22±5.50 61.58±4.74 .31

Onset time (h)†
36 

(18.75,66)
24 

(15.75,48.00)
24

20.00 
(14.00,36.00)

24.00 
(12.00,48.00)

12.50 
(5.50,22.50)

24.00 
(18.00,66.00)

24(20,48) .30

CPB time* 197.75±38.27 215.21±54.88 197.67±25.32 199.50±30.56 200.72±41.84 221.00±39.97 213.17±49.02 203.96±48.18 .51

Scr (µmol/L)* 65.25±21.84 79.20±20.21 77.70±23.49 84.97±26.94 84.70±30.65 87.78±21.86 87.94±33.45 93.51±41.60 .57

Ccr (ml/min)* 150.95±99.39 121.25±33.69 98.77±36.07 116.25±41.18 113.53±37.74 110.00±45.12 105.78±36.69 97.71±32.38 .08

AKI 3(75.00%) 20(52.63%) 1(33.33%) 9(69.23%) 60(42.86%) 2(50.00%) 41(53.95%) 15(57.69%) .39

Values in parentheses are percentages. *Values are the mean±SD. †Value is Median (P25,P75). DM, diabetes mellitus; BMI, body mass index; LVEF, left ventricu-
lar ejection fraction; CPB, cardiopulmonary bypass; sCr, serum creatinine; Ccr, creatinine clearance rate
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patients with large intimal tears near the orifice of the renal 
artery, which was defined as type A perfusion by our team. 
The proportion of type A perfusion was as high as 8.28%, and 
thus, it is reasonable to separately classify this type.

To our knowledge, this is first report that described 
aortic CTA characteristics of patients needing RRT after 
aortic surgery. It is interesting that for these patients need-
ing RRT, the left and right renal arteries were clearly 
shown, but enhancement of the renal cortex in the arte-
rial phase was low and the boundary between the cortex 
and medulla was unclear in the bilateral kidneys. This 
phenomenon was not related to the types of classifica-
tion of renal artery involvement. This might suggest that 
classification of renal artery involvement might not be 
a potential risk factor that leads to AKI. At present, the 
mechanism of AKI is not clear. According to the imaging 
characteristics of CTA, renal microcirculatory dysfunc-
tion may be the reason for AKI. It is believed that CPB 
can lead to the formation of circulating microaggregates of 
adhesions among leukocytes, activated platelets, and endo-
thelial cells and is an important risk factor of AKI [Kumar 
2012; Rosner 2006; Kumar 2011; Park 2017; Bruins 1997; 
Garg 2014]. Most recently, more researchers have found 
that blood transfusion could be another risk factor of AKI  
[Karkouti 2012; Kilic 2014; Kindzelski 2018]. Blood trans-
fusion leads to increased levels of free hemoglobin, cyto-
kines, and iron that further damage the glomerular filtra-
tion apparatus [Kindzelski 2018; Ho 2009; Vercaemst 2008; 
Khan 2014]. Renal microcirculatory dysfunction might be 
the pathway of damage of CPB and other risk factors. This 
hypothesis should be tested in future studies.

Currently, the use of sCr and urine volume to assess 
renal function is controversial [Wasung 2015; Haase 2015;  
Redahan 2017]. Elevated sCr levels often are observed at 
48-72 hours after renal injury, with low sensitivity and speci-
ficity. After the glomerular filtration rate has decreased by 
more than 50%, the sCr level subsequently increases by a 
significant amount. Therefore, the level of sCr cannot accu-
rately reflect renal malperfusion at an early stage. In addi-
tion, the increase in sCr level is influenced by other factors, 

such as age, nutritional status, and chronic renal failure. 
Therefore, it is reasonable that there is no significant dif-
ference in sCr level among the four types of renal malperfu-
sion observed in this study. Interestingly, Wang et al. fol-
lowed the patients with renal malperfusion caused by aortic 
dissection and found that the degree of renal atrophy was 
not correlated with the change in the glomerular filtration 
rate; in addition, γ2 was only 0.04 [Wang 2018]. This find-
ing indicates that the existing laboratory indicators of renal 
function have significant limitations in evaluating malperfu-
sion caused by aortic dissection. Although many studies have 
explored neutrophil gelatinase-associated lipocalin (NGAL), 
cystatin C, and kidney injury molecule-1 (KIM-1) as new 
biomarkers for renal injury [Klein 2018], these new acute 
kidney injury biomarkers have not yet been evaluated in the 
field of aortic dissection.

LIMITATIONS 

First, the sample size is small, and the research lacks data 
of long-term follow up. Second, only a few patients needing 
RRT received a CTA scan. Finally, we lack basic research, 
which can explain that interesting imaging phenomenon.

CONCLUSIONS

The three most common types of bilateral renal artery 
involvement were BC type, CC type, and AC type. The types 
of renal artery involvement did not affect renal function in 
the acute phase.
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Table 3. AKI occurrence in different time after aortic repair 
for different renal artery involvement types

Types 0-12h  
(N = 106)

12-36h  
(N = 40)

36-60h  
(N = 3)

60h later  
(N = 2)

AB 3 0 0 0

AC 15 5 0 0

AD 1 0 0 0

BB 5 4 0 0

BC 44 13 2 1

BD 2 0 0 0

CC 25 16 0 0

CD 11 2 1 1

Figure 3. CTA preoperative, postoperative and follow up. A, Preopera-
tive CTA. Renal function was normal. Enhancement of renal cortex was 
high. The boundary between cortex and medulla was clear. B, Postop-
erative CTA. The patient suffered from AKI and needed RRT. The left 
and right renal artery were shown clearly, but enhancement of renal 
cortex in arterial phase was low and the boundary between cortex 
and medulla was unclear in bilateral kidneys. C, Follow-up CTA. Three 
months later. Renal function recovered. Enhancement of renal cortex 
was high. The boundary between cortex and medulla was clear.
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