Original Article

Risk factors for continuous renal replacement therapy after surgical
repair of type A aortic dissection

Hai-Bo Wu'?, Wei-Guo Ma"’, Hong-Lei Zhao"’, Jun Zheng'?, Jian-Rong Li"?, Ou Liu"’, Li-Zhong Sun"’

'Department of Cardiovascular Surgery, Beijing Anzhen Hospital of Capital Medical University, Beijing Institute of Heart, Lung and Blood Vessel
Diseases, Beijing 100029, China; “Beijing Engineering Research Center of Vascular Prostheses, Beijing 10029, China

Contributions: (I) Conception and design: HB Wu, WG Ma, JR Li, LZ Sun; (II) Administrative support: ] Zheng, JR Li, LZ Sun; (III) Provision
of study materials or patients: HB Wu, HL Zhao, JR Li, O Liu; (IV) Collection and assembly of data: HB Wu, HL Zhao, JR Li, O Liu; (V) Data
analysis and interpretation: HB Wu, WG Ma, ] Zheng; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.
Correspondence to: Li-Zhong Sun, MD. Department of Cardiovascular Surgery, Beijing Anzhen Hospital, Capital Medical University, 2 Anzhen Road,
Beijing 100029, China. Email: lizhongsun@outlook.com.

Background: To identify the risk factors for continuous renal replacement therapy (CRRT) following
surgical repair of type A aortic dissection (TAAD) using the total arch replacement and frozen elephant trunk
(TAR + FET) technique.

Methods: The study included 330 patients with TAAD repaired using TAR + FET between January 2014
and April 2015. Mean age was 47.1£10.2 years (range, 18-73 years) and 242 were male (73.3%). Univariate
and multivariate analyses were used to identify the risk factors for CRRT.

Results: Postoperative CRRT was required in 38 patients (mean age 50.7+10.0 years; 27 males). Operative
death occurred in 12 patients (3.6%, 12/330). The mortality rate was 23.7% (9/38) in patients with CRRT
and 1.0% (3/292) in those without CRRT (P<0.001). Factors associated with CRRT were age (50.7£10.0
vs. 46.7£10.2 years, P=0.023), preoperative serum creatinine (sCr) (135.0+154.2 vs. 85.7+37.0 pmol/L,
P<0.001), emergency operation (89.5% vs. 73.3%, P=0.030), cardiopulmonary bypass (CPB) time (265.2+98.8
vs. 199.7+44.2 minutes, P<0.001), cross-clamp time (144.6+54.8 vs. 116.3+33.2 minutes, P<0.001),
the amount of red blood cell (8.0+5.2 vs. 3.7+3.3 unit, P<0.001) and fresh frozen plasma (507.8+350.3
vs. 784.2+488.5 mL, P<0.001) transfused intraoperatively, preoperative D-dimmer level (11,361.0 wvs.
2,856.7 mg/L, P<0.001) and reexploration for bleeding (15.8% vs. 2.4%, P<0.001). In multivariate analysis,
risk factors for CRRT were CPB time (minute) [odds ratio (OR) 1.018; 95% confidence interval (CI),
1.007-1.029; P=0.002], preoperative sCr level (umol/L) (OR, 1.008; 95% CI, 1.000-1.015; P=0.040), and the
amount of red blood cell transfused intraoperatively (unit) (OR, 1.206; 95% CI, 1.077-1.350; P<0.001).
Conclusions: In this series of patients with TAAD, the time of CPB (minute), sCr level (umol/L) and the
amount of red blood cell transfused intraoperatively (unit) were risk factors for CRRT after TAR + FET.
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Introduction and prolonged intensive care unit stay, especially in

patients who required renal replacement therapy (4,5). The
Previous studies have reported a high incidence of acute incidence of AKI after aortic surgery has been reported to
kidney injury (AKI) after cardiothoracic surgery (1-3). It is approximate 50% (1,6). Although mild to moderate acute

associated with increased short-term mortality, morbidity, kidney injuries are common, 2-15% of patients with AKI
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require continuous renal replacement therapy (CRRT)
after aortic surgery (6-10). Despite continued progress in
intensive care and renal replacement techniques in recent
years, the short-term mortality remains high, ranging from
50% to over 80% in patients undergoing CRRT (5,7,11).

Type A aortic dissection (TAAD) should be managed
with emergency surgical repair and is associated with a
significantly increased risk of AKI (12). However, there is
scarce literature on the incidence and risk factors for CRRT
in patients with TAAD repair. Identification of risk factors for
CRRT in patients with TAAD may lead to timely initiation
of CRRT, and improve clinical outcomes. This retrospective
study aims to identify the risk factors for CRRT after surgical
repair in patients with TAAD.

Methods

The Ethics Committee of Beijing Anzhen Hospital
approved this retrospective study (No. 2013013x).

A query of the database of Beijing Aortic Disease Center
at Beijing Anzhen Hospital revealed 407 patients with
TAAD surgically repaired between January 2014 and April
2015. Surgical procedures were total arch replacement and
frozen elephant trunk in 330, hemiarch repair in 31, total
arch replacement in 4, ascending aortic replacement in 9
and isolated composite root replacement in 20. Thirteen
patients were excluded due to previous renal replacement
therapy in 6, and death within 48 hours postoperatively in
7 (not attributable to renal causes). As a result, 330 patients
with total arch replacement and frozen elephant trunk
procedure were included in this study.

The surgical techniques of total arch replacement and
frozen elephant trunk (i.e., the Sun operation) have been
described in detail (13). Briefly, it is performed under deep
hypothermic circulatory arrest (DHCA) and antegrade
selective cerebral perfusion. An open stented graft, Cronus
(MicroPort Medical, Shanghai, China), which differs from
the E-vita and Thoraflex grafts (14), is deployed into the
descending aorta and total arch replacement is done with a
4-branched vascular graft. Distal reperfusion is begun once
the descending aortic anastomosis is completed, and the left
carotid artery is reconstructed first (after which rewarming
is started and the brain is perfused bilaterally), followed
by the ascending aorta (to resume myocardial perfusion),
then the left subclavian artery, and finally, the innominate
artery. Concomitant procedures included composite graft
root replacement in 138 (41.8%) and ascending aortic
replacement in 188 patients (57.0%).
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The endpoint of this study was the need for CRRT after
surgical repair of TAAD. The criteria for postoperative
CRRT are shown in Tible 1 (15). Variables considered in the
univariate analysis included gender, age, body mass index
(BMI), hypertension, diabetes, smoking, history of cardiac
surgery, preoperative serum creatinine (sCr), left ventricular
ejection fraction (LVEF), emergency operation, D-dimmer,
the times of cardiopulmonary bypass (CPB), aortic cross-
clamp and DHCA, the amount of red blood cell and frozen
fresh plasma transfused intraoperatively, and reexploration
for bleeding.

Statistical analyses

Data were analyzed with SPSS for Windows version 20.0
(SPSS IBM Corp., Armonk, NY, USA). Variables were
expressed as mean = standard deviation or percentages,
and compared between patients with and without CRRT
using the Student 7 test or Pearson y’ test as appropriate.
Univariate analysis was used to evaluate variables that may
be associated with CRRT. Variables with a P value <0.05 in
univariate analysis were assessed with multivariate analysis
using a forward stepwise binary logistic regression model.
All statistical tests were 2-sided and any P value of <0.05
was considered statistically significant.

Results

The mean age of patients was 47.1+10.2 years for the
whole cohort (range, 18-73 years) and 242 (73.3%) were
male. Previous cardiac surgery was present in 20 patients
(6.1%). There were 248 (75.2%) emergency operations.
Reexploration for bleeding was required in 13 patients (3.9%).

CRRT was required in 38 patients (11.5%). Mean age
was 50.7+10.0 years (range, 27-71 years) and there were
27 men (71.1%). Operative death occurred in 12 patients
(3.6%, 12/330). The mortality rate was 23.7% (9/38) in
patients with CRRT and 1.0% (3/292) in those without
CRRT (P<0.001).

As shown in Table 2, univariate analysis found that
nine variables were associated with postoperative CRRT:
age (50.7£10.0 vs. 46.7+10.2, P=0.023), sCr (135.0+154.2
vs. 85.7+37.0 pmol/L, P<0.001), emergency operation
(89.5% wvs. 73.3%, P=0.030), CPB time (265.2+98.8 vs.
199.7+44.2 minutes, P<0.001), cross-clamp time (144.6£54.8
vs. 116.3+33.2 minutes, P<0.001), the amount of red
blood cell (8.0+5.2 vs. 3.7+3.3 unit, P<0.001) and fresh
frozen plasma (507.8+350.3 vs. 784.2+488.5 mL, P<0.001)

7 Thorac Dis 2017;9(4):1126-1132



1128

Wau et al. CRRT after type A dissection repair

Table 1 Conventional criteria for initiation of renal replacement therapy in patients with acute kidney injury (AKI)

No. Criteria

—

Anuria (negligible urine output for 6 hours)

Severe oliguria (urine output <200 mL over 12 hours)

N o o b~ WwoN

Hyperkalemia (serum potassium concentration >6.5 mmol/L)

Severe metabolic acidosis (pH <7.2 despite normal or low partial pressure of carbon dioxide in arterial blood)
Volume overload (especially pulmonary edema unresponsive to diuretics)

Pronounced azotemia (urea concentrations >30 mmol/L or creatinine concentrations >300 pmol/L)

Clinical complications of uremia (e.g., encephalopathy, pericarditis, neuropathy)

transfused intraoperatively, preoperative D-dimmer level
(11,361.0 vs. 2,856.7 mg/L, P<0.001) and reexploration for
bleeding (15.8% vs. 2.4%, P<0.001).

In multivariate analysis, risk factors for CRRT were CPB
time (minute) [odds ratio (OR), 1.018; 95% confidence
interval (CI), 1.007-1.029; P=0.002], preoperative sCr
level (umol/L) (OR, 1.008; 95% CI, 1.000-1.015; P=0.040),
and the amount of red blood cell transfused intraoperatively
(unit) (OR, 1.206; 95% CI, 1.077-1.350; P=0.001) (Table 3).

Discussion

In this retrospective study, the incidence of CRRT after
surgical repair of TAAD was 11.5%, which is comparable
to that reported in previous studies (8,9,16). Roh and
colleagues (9) reported that the incidence of renal
replacement therapy was 11% in 98 patients undergoing
surgical repair of acute dissection involving the ascending
aorta (67%), aortic arch (41%), descending aorta (41%), and
aortic valve (5%). Arnaoutakis and associates (8) reported 8%
of patients (22/267) required renal replacement therapy after
aortic arch surgery. Recently Motomura ez /. (16) reported
that the incidence of acute renal failure requiring dialysis
was 7% in 4,707 patients undergoing thoracic aortic surgery,
which involved the aortic root in 10%, ascending aorta in
47%, aortic arch in 44%, distal arch in 21%, descending
aorta in 27% and thoracoabdominal aorta in 8%.

Similar to previous reports (8,11,12), sCr level was
also identified as a risk factor for CRRT in this study,
which shows a significant influence of elevations in the
preoperative creatinine serum levels on postoperative renal
function. Hypotension, nephrotoxins and inflammation
may lead to acute renal failure, followed by a substantial
increase (>50%) in serum creatinine (17). Hypotension
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may result from cardiac tamponade, dehydration or the
involvement of renal artery by the dissection process.
Reduction of renal blood flow, whether generalized or
localized, plays a critical role in the occurrence of AKI (18).
Ren er al. (19) reported bilateral renal artery involvement
were predictors for preoperative AKI. Nephrotoxins
include drugs and contrasts. Inflammatory response plays
a major role in the development of acute aortic dissection
and may contribute to the occurrence of AKI. Elevation
of many inflammatory markers is associated with worse
prognosis (20-22). Therapeutic strategies aimed at
reducing kidney damage and accelerating function recovery
contain nonpharmacologic, pharmacologic, and dialytic
approaches (23). Therefore, any therapy that can treat
hypotension, nephrotoxins and inflammation may be helpful
improve the outcome, such as fluid, colloid administration
for hemodynamic optimization. Elahi et 4. (24) suggested
that early initiation of CRRT may reduce mortality and
mortality in patients with severe AKI after cardiac surgery.
Besides the serum creatinine level, the CPB time (minute)
was identified as another risk factor for CRRT. CPB is
associated with elevations in levels of systemic inflammatory
factors and activation of inflammatory response, which
may lead to renal injury (23). Ho and colleagues (25) found
that all patients under CPB experienced the “initiation
phase” of ischemia-reperfusion kidney injury, which was
characterized by renal artery vasoconstriction and increased
tubular oxygen consumption, leading to impaired renal
oxygenation and proximal tubular dysfunction (26). With
longer duration of CPB, more severe hypotensive periods
may occur frequently. This entails prolonged period in
which the mean arterial pressure is below the optimal renal
autoregulation threshold (27), which may aggravate the
inflammatory response and induce ischemic kidney damage
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Table 2 Univariate analysis of variables associated with CRRT
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CRRT
Variable P Value
Yes (n=38) No (n=292)
Age (year) 50.7+10.0 46.7+10.2 0.023
Male 27 (71.1%) 215 (73.6%) 0.736
BMI (kg/m?) 26.5+3.7 25.7+3.9 0.243
Hypertension 22 (57.9%) 208 (71.2%) 0.320
Diabetes 2 (5.3%) 10 (3.4%) 0.570
Smoking 21 (565.3%) 141 (48.3%) 0.420
History of cardiac surgery 1(2.6%) 19 (6.5%) 0.348
sCr (umol/L) 135.0+154.2 85.7+37.0 <0.001
Emergency surgery 34 (89.5%) 214 (73.3%) 0.030
D-dimmer (mg/L) 11,361+£19,933 2,857+6,258 <0.001
LVEF (%) 63.8+7.6 62.1+8.9 0.257
CPB (minute) 265+99 200+44 <0.001
Aortic cross-clamp time (minute) 145155 116+33 <0.001
DHCA time (minute) 29+13 26+10 0.196
Intraoperative red blood cell use (unit) 8.0+5.2 3.7+3.3 <0.001
Intraoperative fresh frozen plasma (mL) 508+350 784+488 <0.001
Reexploration for bleeding 6 (15.8%) 7 (2.4%) <0.001

CRRT, continuous renal replacement therapy; BMI, body mass index; sCr, preoperative serum creatinine; LVEF, left ventricular ejection
fraction; CPB, cardiopulmonary bypass time; DHCA, deep hypothermic circulatory arrest.

Table 3 Risk factors for CRRT after surgical repair of acute type A dissection

Risk factor OR 95% ClI P value
sCr (umol/L) 1.008 1.000-1.015 0.040
CPB time (minute) 1.018 1.007-1.029 0.002
Intraoperative red blood cell use (unit) 1.206 1.077-1.350 0.001

CRRT, continuous renal replacement therapy; OR, odds ratio; 95% CI, 95% confidence interval; sCr, preoperative serum creatinine; CPB,

cardiopulmonary bypass time.

(18,28,29). In addition, CPB is associated some degrees of
hemolysis and release of free hemoglobin, which act as an
endogenous toxin through the release of iron, especially
in the presence of low ferritin level (30). Whether patients
recover without sequela or develop AKI by progressing into
the “extension phase” of kidney injury largely depends on
the severity of the ensuing inflammatory response, renal
hypoxia, and oxidative stress (25).

Another risk factor for CRRT is the units of red blood
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cell transfused during operation, which has not been
reported previously. Roh and colleagues (9) identified
increased transfusion of red blood cell in the intensive care
unit as a risk factor for CRRT. The quality of the red blood
cells can decline with storage, leading to morphologic
changes that impair tissue oxygen delivery. Transfused red
cells may be unable to properly load and unload oxygen
and have negative effects on renal function (31). The
erythrocyte membrane undergoes changes that are mostly
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irreversible and becomes less deformable and more fragile
during storage. Within an hour of transfusion, up to
30% of the transfused erythrocytes are either hemolysed,
potentially leading to the presence of free hemoglobin
in the circulation, or removed from the circulation by
macrophages (32). By promoting a proinflammatory
state, impairing tissue oxygen delivery, and exacerbating
tissue oxidative stress, red blood cell transfusion can be an
important instigator of kidney injury. This risk is likely to
be influenced by the number of units transfused (33). By
some estimates, transfusion of 2 units of red blood cells
could increase the plasma free hemoglobin by 10-fold above
normal levels (34). The hemolysis leads to an increase in
the circulating catalytic iron (31). Free hemoglobin can
cause microcirculatory dysfunction through nitric oxide
scavenging and free iron is a potent pro-oxidant (34,35),
both highly toxic to the kidney and other organs. Therefore,
improvement in blood conservation techniques may help
reduce the incidence of CRRT after surgical repair of type
A aortic dissection.

Although Chertow and associates (4) reported that
renal failure requiring renal replacement therapy after
cardiac surgery is a risk factor for mortality, there is
a trend towards early initiation of renal replacement
therapy, which is believed to be more beneficial than late
initiation (24). In the present cohort, patients with CRRT
had a 23-fold higher mortality than those without. Such
high mortality of patients with CRRT implies that starting
CRRT earlier may improve clinical outcomes by alleviating
kidney damage and promoting function recovery.

This retrospective study has several limitations. Most
important is its relatively small sample size, which affects
the power of statistical analysis, especially in identification
of risk factors. Another concern pertains to the young
average age of patients in this study (47.1+10.2 years). We
did not use eGFR as a standard because eGFR is affected
by ethnicity and gender and calculated by different methods
in different labs. In addition, all patients had a frozen
elephant trunk and total arch replacement procedure in
this series, while other centers may not have such a higher
percentage. Therefore, the results of this study may not
be directly applicable to other centers. Despite these
limitations, identification of risk factors for CRRT in
patients with TAAD may help in initiating CRRT timely,
adjusting management goals and predicting prognosis in
clinical practice. It would be reasonable to expect, that any
intervention which can reduce perioperative transfusion or
control CPB time may be protective against AKI.
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Conclusions

In this series of patients with TAAD, preoperative serum
creatinine (umol/L), CPB time (minute) and the amount of
red blood cell transfused intraoperatively (unit) were risk
factors for CRRT after surgical repair.
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