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ABSTRACT

Background: Acute kidney injury (AKI) is not an unusual clinical complication after cardiovascular surgery. The aim
of this study was to investigate the clinical significance of continuous renal replacement therapy (CRRT) in manag-
ing postoperative AKI.

Material and methods: 243 patients who received cardiovascular surgery complicated with postoperative AKl in
cardiovascular intensive care (CVICU) were enrolled. Patients were divided into two groups: those requiring CRRT
(Group A, n=64) and those not administered CRRT (Group B, n=179).

Results: Preoperative backgrounds showed there were more surgically at-risk patients complicated with a poorer

renal profile in Group A. Procedure-related data identified cardiopulmonary bypass (CPB) and aortic cross clamp
(ACC) times were significantly longer in Group A. Also, in-hospital mortality and hemodialysis transition rates were
significantly higher in Group A. Preoperative renal profile and male gender was identified as risk factors for hemo-
dialysis transition post cardiovascular surgery.

Conclusion: CRRT is expected to play a vital role in managing AKI post cardiovascular surgery. Further investigation
is warranted to clarify the efficacy of CRRT for the improvement of long-term outcomes of patients complicated
with postoperative AKI.
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INTRODUCTION therapy (CRRT) has been reported to be an effective treatment
) o ) ) for AKI following cardiac surgery. The primary purpose of this
Acute kidney injury (AKI) is not an unusual postoperative com-  stydy was to examine the clinical significance of prompt initia-

plication after cardiac surgery and is independently associated  tjon of continuous renal replacement therapy (CRRT) under the
with increased mortality and morbidity [1]. The incidence of  gjagnosis of AKI following cardiovascular surgery, based on the
AKI following cardiac surgery varies between 20% and 50%,  experience of a single cardiovascular institute [8-10]
depending on the diagnostic criteria used to define renal in-

jury [2]. Therapeutic strategies to prevent AKI are imperative METHODS

in improving clinical outcomes of cardiac surgery as AKI can
eventually lead to multi-organ failure if not appropriately treat-
ed once AKl is diagnosed [3-7]. Continuous renal replacement

A total of 243 patients who had undergone elective or emer-
gency cardiovascular surgery with cardiopulmonary bypass
(CPB) complicated with postoperative AKI at our institute’s
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cardiovascular intensive care unit (CVICU) between 2012 and
2020 were enrolled. Those on dialysis preoperatively or with a
functioning renal transplant were excluded. Surgeries includ-
ed: isolated ischemic heart procedure, such as coronary artery
bypass grafting (CABG); isolated heart valve operation, repair
or replacement; thoracic aortic fixation for aneurismal or dis-
secting disorders; and, combinations of those isolated proce-
dures stated above. AKI was confirmed by the Kidney Disease:
Improving Global Outcomes (KDIGO) guidelines which define
AKI as an increase in sCr concentration > 0.3 mg/dL within 48
hours or an increase in sCr concentration > 1.5X baseline that is
known or presumed to have occurred within the prior 7 days,
or urine output <0.5 ml/kg/h for 6 hours [11-14] The initiation
of CRRT was routinely introduced as promptly as possible after
surgery to prevent and treat volume overload unresponsive to
diuretics or systemic administration of Atrial Natriuretic Pep-
tide (ANP), uremic symptoms and signs, exacerbated metabolic
acidosis, and hyperkalemia in establishing AKI.8-10 All the en-
rolled cases were divided into two groups: those requiring CRRT
(Group A, n=64) and those without CRRT (Group B, n=179).

Statistical Analysis

Continuous data are presented as a median and interquartile
range. Normally distributed data were analyzed using 2-tailed
t-tests, and non-normally distributed data were compared with
the Mann-Whitney test, as appropriate. Categorical variables
are given as a count and percentage of patients and compared
using the x2 test. When any expected frequency was less than
1, or 20% of expected frequencies were less than or equal to 5,
Fisher’s exact test was used. Clinical outcomes between both
groups and the risk factors of chronic hemodialysis transition
among the surviving cases were analyzed by multivariate anal-
ysis of variance (MANOVA). A p-value of <0.05 was considered
significant. All data were analyzed using the Statistical Analysis
Systems software JMP 12.0 (SAS Institute Inc., Cary, NC, USA).
All of the enrolled patients underwent elective or eme

ncy surgery after written informed consent was obtained from
them or their families. In proceeding with this study, approval
from our Institutional Review Board was granted [15-18]

RESULTS

Preoperative backgrounds are listed in (Table 1). There were
significant differences between the groups using the Logistic
EuroSCORE for 30-day mortality (6.5 + 3.6% vs. 4.3 + 3.1%,
p<0.001), left ventricular ejection fraction (LVEF) on preopera-
tive echocardiography (50.8 £ 17.5% vs. 57.6 + 14.0%, p=0.002),
serum creatinine (sCr) (1.73 £0.91 mg/dl vs. 1.12 + 0.37 mg/d|,
p<0.001), or estimated Glomerular Filtration Rate (eGFR) (36.3
+18.2 ml/min vs. 50.0 + 15.6 ml/min, p<0.001). Those in Group
A were revealed to be at a surgically higher risk, complicated
with reduced left ventricular function (LVEF) and poorer renal
profiles. Procedure-related data is shown in (Table 2). Although
there were no significant differences between the groups with
regard to systemic perfusion pressure, minimum bladder tem-
perature during CPB, and intraoperative total amount of uri-
nation, the aortic cross clamp (ACC) time (143.9 + 50.0 min vs.
126.6 + 42.6 min, p=0.009) and CPB time (222.6 + 86.7 min vs.
184.1 £ 59.0 min, p<0.001) were significantly longer in Group A
than in Group B. In addition, the total amount of blood trans-
fusion (BTF) (1785 + 1308 ml vs. 1032 + 1026 ml, p<0.001)

during the entire procedure was much higher in Group A than
in Group B. In the present study, both redo and specific type of
surgery, or the complexities of more than two isolated proce-
dures, was not significantly associated with the requirement
of CRRT for postoperative AKI. Postoperative data is shown in
(Table 3). Postoperative hospital stay (POH) (52.3 + 41.4 days
vs. 30.2 + 22.9 days, p<0.001), CVICU stay (52.3 + 41.4 days vs.
30.2 + 22.9 days, p<0.001), and intubation time following oper-
ation (148.0 + 253 hours vs. 26.7 + 37.6 hours, p<0.001) were
significantly longer in Group A than in Group B.

It was not unusual that hospital death was markedly higher in
Group A (12.5% vs. 26.7 + 1.7%, p=0.001). Regarding the sur-
viving cases at discharge in both groups, the hemodialysis (HD)
transition rate was 32% in Group A and 0% in Group B, which
was statistically significant (p<0.001). Risk factors of chronic HD
transition are shown in (Table 4). While male gender and pre-
operative sCr or eGFR were revealed significant on univariate
analysis, only preoperative sCr was identified on multivariate
analysis.

Table 1: Preoperative backgrounds

Group A

. _ Group B
Variables (n =64) (n = 179) P value
Age (year) 72.5+10.6 73.0+10.7 .67
Female sex (n) 21 (33%) 63 (35%) .76
Logistic Eu-
ro-score (%) 6.5+ 3.6 4.3+3.1 <.001
*mortality
BSA (m2) 1.58 £ 0.20 1.62+0.19 .09
LVEF (%) 50.8+17.5 57.6+14.0 .002
Redo Sur- o o
gery(%) 13 (20%) 21 (12%) 22
sCre (mg/dl) 1.73 £ 0.91 1.12+0.37 <.001
Hgb (g/dl) 120+29 127+1.8 .009
eGFR (ml/
min/1.73m2) 36.3+18.2 50.0 £ 15.6 <.001
DM(n) 38 (59%) 85 (47%) 11
COPD(n) 9 (14%) 39 (22%) .20
HT(n) 31 (48%) 90 (50%) .88
Table 2: Procedure related data
. Group A Group B
Variables (n = 64) (n = 179) P value
CPB time (min)  222.6 + 86.7 184.1 +£59.0 P<.001
ACC time (min)  143.9 +50.0 126.6 £ 42.6 .009
Perfusion Pres- 57 74 412 55.3+9.5 <.001
sure (mmHg)
Min BT (de- 3354 1.1 336+1.0 48
gree)
U””‘?ﬂ%“tp“t 703.6+1095.9 510.6+517.2 07
Table 3: Postoperative data
Group A
. —_ Group B
Variables (n =64) (n=179) P value
Hospital LOS 55 34 414 30.2+22.9 P<.001
(day)
ICU LOS (day) 142+14.4 44+36 P<.001
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Intubation Time

148.0 £ 253.0 26.7+37.6 <.001
(hour)
In-hospital 12.5% 1.7% 001
Death (%) *8 cases *3 cases ’
-, 32% 0
HD transition P<.001

Rate (%) *survival case

Table 4: Risk factors for HD transition

Univariate Analysis
OR(CI) P value

Multivariate Analysis
Adjusted OR(CI) P value

Male gender 4.05(1.1-9.6) 0.034
sCre value 6.91(2.6-26.3) <.001 6.87(1.01-66.1) .049
0.92(0.86-0.97)
eGFR value <001
DISCUSSION

Postoperative administration of prompt CRRT for AKI following
cardiac surgery was reported to be effective in decreasing op-
erative mortality, reducing the CVICU length of stay (LOS) as
well as hospital LOS, and reducing the duration of CRRT.13 The
benefits for early introduction of CRRT are considered to be
effective in decreasing the chance of life-threatening complica-
tions including uremia, acidemia, volume overload, and hyper-
kalemia. Also, initiation of CRRT as promptly as possible, which
balances electrolyte, solute, and fluid levels before exacerba-
tion to a more serious stage can effectively reduce the risk of
kidney-specific and non-kidney vital organ injury, compared to
a late introduction of CRRT. Once AKl is confirmed, we routinely
initiate CRRT for postoperative AKI which is unresponsive to di-
uretics and systemic administration of renal-protective agents,
such as ANP [19].

However, there are some negative or controversial studies
which are opposed to early initiation of CRRT because it could
expose patients to potential harms, such as hemorrhage, bac-
teremia derived from the placement of the dialysis catheter,
and thrombosis, intradialytic hypotension, clearance of trace
elements, and hypersensitivity to the extracorporeal circuit or
antibiotics, which could add to resource utilization.21 Thus, the
optimal treatment strategy for AKI is not only the prompt initi-
ation of CRRT after the operation but also the careful intraop-
erative management which can help avoid the need for CRRT
introduction [20,21].

Maintaining renal perfusion during CPB is key to the prevention
of AKI.2 Typical hemodynamic goals during CPB are to support
normal organ function and maintenance of a mean perfusion
pressure of 50 to 70 mmHg, and these values are based on
experimental studies of minimum blood flow required to de-
liver adequate oxygenation.11,12 In the present study, mean
perfusion pressure during CPB between the groups was not
significantly different, and perfusion pressure settings and
determination by our institute perfusionists was considered
to be appropriate so as to preserve renal perfusion. Karkou-
ti K. demonstrated BTF in excess of 2 units consistently in-
creased the risk of patients developing AKI [22]. considering
the amount of BTF was significantly higher in Group A than in
Group B in our study, secure and complete hemostasis during
surgery should be attained in order to prevent the initiation of
CRRT for exacerbated AKI. Also, needless to say CBP time under

cardiac arrest should be shortened to as little as possible to
avoid the use of CRRT because ACC times as well as CPB time
were significantly longer in Group A than in Group B. In short, a
sophisticated surgical technique is an important factor for the
prevention of AKI requiring CRRT following cardiac surgery.

Regarding postoperative management, hemodynamic instabil-
ity such as low cardiac output is a primary cause of AKI after
cardiac surgery. This can occur from multiple factors, including
hypovolemia, acute ventricular dysfunction such as perioper-
ative myocardial infarction, prolonged ACC time, persistent
hemorrhage, or cardiac tamponade. Prompt diagnosis is cru-
cial, and the main aspects of treatment strategies, including
goal-directed fluid management and administration of renal
protective agents, such as ANP and dexamethasone,2,10,18-19
can be implemented prior to the initiation of CRRT [22]. In the
present study, those in Group A were identified as more sur-
gically high-risk, with worse renal profile, and poorer clinical
outcomes, including significantly higher rates of hemodialysis
transition and in-hospital mortality. Accordingly, in the real set-
ting of postoperative management, prompt determination to
initiate CRRT for AKI unresponsive to those conservative treat-
ments stated above should be performed, especially for more
severe and complicated cases.

Our study has several limitations. Data are derived from a small
sample size at a single cardiovascular institute. Therefore, our
models need to be evaluated at multi-centers to be validated.
Further investigation is needed to clarify the long-term out-
comes of all the surviving cases at discharge for conclusive
clinical significance of CRRT introduction after cardiovascular
surgery using CPB.

CONCLUSION

AKI following cardiovascular surgery is not an unusual com-
plication, and a comprehensive approach, including goal-di-
rected fluid management, administration of renal protective
agents, and CRRT initiation should be implemented. Of these
treatments of choice, CRRT has the potential to improve early
clinical outcomes of those cases complicated with AKI. Thus,
prompt initiation of CRRT should be considered, especially for
more surgically severe and complicated cases.

CONFLICT OF INTEREST

All of the authors have nothing to disclose and also state no
conflict of interest in the submission of this manuscript.

AVAILABILITY OF DATA AND MATERIALS

The datasets used and/or analyzed during the current study
are available from the corresponding author upon reasonable
request.

REFERENCES

1. O’Neal JB, Shaw AD, Billings IV (2016) Acute kidney injury
following cardiac surgery: current understanding and fu-
ture directions. Critical Care. 20:187.

2. Chew STH, Hwang NC (2019) Acute kidney Injuries after
cardiac surgery: A narrative review of the literature. J Car-
diothorac Vasc Anesth. 33(4):1122-1138.

Volume 08 ¢ Issue 01 + 60


https://ccforum.biomedcentral.com/
https://ccforum.biomedcentral.com/
https://ccforum.biomedcentral.com/
https://www.jcvaonline.com/
https://www.jcvaonline.com/

3.

10.

11.

12.

Genta Chikazawa, et al.

Kumar AB, Suneja M (2011) Cardiopulmonary bypass- as-
sociated acute kidney injury. Anaesthesiology. Anesthesi-
ology. 114:964-70

Brown JR, Kramer RS, Coca SG, Parikh CR (2010) Duration
of acute kidney injury impacts long-term survival after car-
diac surgery. Ann Thorac Surg. 90:1142-9.

Srivastava V, D’Sliva C, Tang A, Sogliani F, Ngaage DL (2012)
The impact of major perioperative renal insult on long-
term renal function and survival after cardiac surgery. In-
teractive CardioVascular and Thoracic Surgery. 15:14-17.

Coleman MD, Shaefi S, Sladen RN (2011) Preventing acute
kidney injury after cardiac surgery. Current Opinion in An-
esthesiology. 24:70-76.

Chertow GM, Levy EM, Hammermeister KE, Grover F, Da-
ley J (1998) Independent association between acute renal
failure and Mortality following cardiac surgery. Am J Med.
104:343-348.

Parolari A, Pesce LL, Pacini D, Mazzanti V, Salis S et al
(2012) Risk factors for perioperative acute kidney injury
after cardiac surgery: Role of perioperative management.
Ann Thorac Surg. 93: 584-91.

Fielitz AH, Hasse M, Bellomo R, Calzavacca P, Spura A, et
al. (2017) Perioperative hemodynamic instability and fluid
overload are associated with increasing acute kidney inju-
ry severity and worse outcome after cardiac surgery. Blood
Purif. 43:298-308.

Nigwekar SU, Navaneethan SD, Parikh CR, Hix JK (2009)
Atrial natriuretic peptide for management of acute kidney
injury: A systematic Review and Meta-analysis. Clin J Am
SocNephrol. 4:261-272.

Ranucci M, Romitti F, Isgro G, Cotza M, Brozzi S, et al. (2005)
Oxygen delivery during cardiopulmonary bypass and acute
renal failure after coronary operations. Ann Thorac Surg.
80:2213-20.

Somer FD, Mulholand JW, Bryan MR, Alosio T, Nooten
GJV, et al. (2011) 02 delivery and CO2 production during
cardiopulmonary bypass as determinants of acute kidney
injury: time for a goal-directed perfusion management?

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Critical Care. 15: R192.

Zou H, Hong Q, XU G (2017) Early versus late initiation of
renal replacement therapy impacts mortality in patients
with acute kidney injury post cardiac surgery. Critical Care.
21:150

Vidal S, Richebe P, Barandon L, Calderon J, Tafer N (2009)
Evaluation of continuous veno-venous hemofiltration for
the treatment of cardiogenic shock in conjunction with
acute renal failure after cardiac surgery. European Journal
of Cardio-thoracic Surgery. 36:572-579.

Khwaja A. (2012) KDIGO Clinical Practice Guidelines for
Acute Kidney Injury. Nephron Clin Pract. 120:c179-c184.

Machado MN, Nakazone MA, Maia LN (2014) Acute kidney
injury based on KDIGO criteria in patients with elevated
baseline serum creatinine undergoing cardiac surgery. Rev
Bras Cir Cardiovasc. 29(3):299-307.

Newland RF, Tully PJ, Baker RA (2013) Hyperthermic per-
fusion during cardiopulmonary bypass and postoperative
temperature are independent predictors of acute kidney
injury following cardiac surgery. Perfusion. 28(3): 223-231.

Cho JS, Shim JK, Soh S, Kim MK, Kwak YL (2016) Periopera-
tive dexmedetomidine reduces the incidence and severity
of acute kidney injury following valvular heart surgery. Kid-
ney International. 89:693-700.

Jacob KA Leaf DE, Dieleman JM, Dijk D, Nierich AP (2015)
Intraoperative High-Dose Dexamethasone and Severe AKI
after Cardiac Surgery. J Am Nephrol. 26:2947-2951.

McGuinness SP, Parke RL, Bellomo R, Van Haren FM, Bailey
M (2013) Sodium Bicarbonate Infusion to reduce Cardiac
Surgery-Associated Acute Kidney Injury: A Phase Il Multi-
center Double-Blind Randomized Controlled Trial. Crit Care
Med. 41(47):1599-607.

Gibney RT, Bagshaw SM, Kutsogiannis DJ, Johnston C
(2008) When should renal replacement therapy for acute
kidney injury be initiated and discontinued? Blood Purif.
26:473-84.

Karkouti K (2012) Transfusion and risk of acute kidney inju-
ry in cardiac surgery. Br J Anaesth. 109: i29-38.

Volume 08 ¢ Issue 01 + 60


https://pubs.asahq.org/anesthesiology
https://pubs.asahq.org/anesthesiology
https://pubs.asahq.org/anesthesiology
https://www.annalsthoracicsurgery.org/
https://www.annalsthoracicsurgery.org/
https://www.annalsthoracicsurgery.org/
https://academic.oup.com/journals
https://academic.oup.com/journals
https://wkauthorservices.editage.com/
https://wkauthorservices.editage.com/
https://www.amjmed.com/
https://www.amjmed.com/
https://www.annalsthoracicsurgery.org/
https://www.annalsthoracicsurgery.org/
https://www.karger.com/
https://www.karger.com/
https://www.karger.com/
https://asnjournals.org/
https://asnjournals.org/
https://www.annalsthoracicsurgery.org/
https://www.annalsthoracicsurgery.org/
https://www.biomedcentral.com/
https://www.biomedcentral.com/
https://www.biomedcentral.com/
https://www.biomedcentral.com/
https://www.biomedcentral.com/
https://www.biomedcentral.com/
https://academic.oup.com/journals
https://www.karger.com/
https://www.karger.com/
https://www.scielo.br/j/rbccv/
https://www.scielo.br/j/rbccv/
https://www.scielo.br/j/rbccv/
https://journals.sagepub.com/
https://journals.sagepub.com/
https://journals.sagepub.com/
https://journals.sagepub.com/
https://www.kidney-international.org/
https://www.kidney-international.org/
https://www.kidney-international.org/
https://jasn.asnjournals.org/
https://jasn.asnjournals.org/
https://wkauthorservices.editage.com/
https://wkauthorservices.editage.com/
https://wkauthorservices.editage.com/
https://www.karger.com/
https://www.karger.com/
https://www.karger.com/
https://www.karger.com/

