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Abstract
BACKGROUND i
1
Patients admitted to intensive care unit (ICU) after cardiac surgery develop acute

kidney injury (AKI) immediately post-operation. We hypothesized that AKI occurs

mainly due to perioperative risk factors and may affect outcome.

AIM
Aim of this study was to assess peri-operative risk factors for AKI post cardiac surgery

and its relationship with clinical outcome.

METHODS

This was an observational single center, tertiary care setting study, which enrolled 206
consecutive patients, admitted to ICU after cardiac surgery. Patients were followed-up
until ICU discharge or death, in order to determine the incidence of AKI, perioperative
risk factors for AKI and its association with outcome. Univariate and multivariate
logistic regression analysis was performed to assess predictor variables for AKI

development.




RESULTS

After ICU admission, 55 patients (26.7%) developed AKI within 48 h. om the logistic
regression analysis performed, high EuroSgore II (OR:1.18; 95%CI:1.06-1.31, P = 0.003),
white blood cells (WBC) pre-operatively (OR:1.0; 95%CI:1.0-1.0, P = 0.002) and history
of chronic kidney disease (OR:2.82; 95%CI:1.195-6.65, P = 0.018) emerged as
independent predictors of AKI among univariate predictors. AKI that developed AKI
had longer duration of mechanical ventilation [1113 (777 - 2195) vs 714 (511 - 1020) min,
P =0.0001] arﬁ ICU length of stay [70 (28 - 129)  wvs 26 (21 - 51) hours, P = 0.0001],
higher rate of ICU-acquired weakness [16.4 vs 5.3 %, P = 0.015], reintubation [10.9 vs 1.3
%, P = 0.005], dialysis [7 vs 0 %, P = 0.005], delirium [36.4 vs 23.8 %, P = 0.001] and
mortality [3.6 vs 0.7 %, P = 0.046].

CONCLUSION
Patients present frequently with AKI after cardiac surgery. EuroScore II, WBC count
and chronic kidney disease are independent predictors of AKI development. The

occurrence of AKI is associated with poor outcome.

INTRODUCTION

Each year, more than 2 million cardiac surgeries are performed worldwide. Acute
kidney injury (AKI) consists of a frequent and serious complication postoperatively.
Cardiac surgery-associated acute kidney injugy (CSA-AKI) has an incidence rate that
varies from 5% to 42%. Apart from sepsis, it is the most common cause of AKI in the
intensive care unit (ICU) setting. CSA-AKI is a major risk factor of death after cardiac
surgery resulting to 3-8-fold increase in perioperative mortality, while it is associated
with prolonged stay in the ICU and hospital and increased cost of care (1). 10 years after
cardiac surgery, long term mortality remains high, even for patients with complete
recovery of renal function and regardless of other risk factors (2). Many of the

predisposing risk factors for AKI, such as advanced age, hypertension, smoking and




chronic kidney disease, are non-modifiable (3). However, the pathophysiological
mechanisms that alter renal perfusion causing CSA-AKI appear to be multifactorial and
are associated with the unique characteristics of cardiac surgery, highlighted
by cardiopulmonary bypass (CPB), as well as with the perioperative and postoperative
anesthetic and ICU management, mostly regarding fluid, vasopressor and blood
product administration (1, 3, 4).

This study aimed to investigate the prevalence of AKI as well as to assess peri-operative
risk factors for AKI post cardiac surgery and its relationship with clinical outcome.

We hypothesized that there is a high prevalence of AKI post cardiac surgery and

perioperative risk factors play a major role for developing AKI in these patients.

MATERIALS AND METHODS

Study population

This prospective observational study was conducted at the Cardiac Surgery ICU of
Onassis Cardiac Surgery Center during a 3-months period. The research was approved
by Ethics Committee of the Onassis Cardiac Surgery Center (Number Id: 663/12.12.19)
with obtained patient’s informed consent and carried out in accordance with the ethical
standards set by the Declaration of Helsinki.

Inclusion criteria were consecutive adult (> 20 years old) patients following their
admission in the Cardiac Surgery ICU within 24 h of cardiac surgery.

Participants with chronic renal failure requiring dialysis prior to cardiac surgery
operation were excluded from the study. Moreover patients who were re-admitted to
the ICU were not included twice in the study.

Study design

This was a prospective observational study conducted in a single center Cardiac
Surgery ICU. All patients were enrolled consecutively to the study post cardiac surgery
and they were followed-up until ICU discharge.

Demographic data and baseline clinical perioperative characteristics of all participants

and according to AKI development within the first 48 h after cardiac surgery and post




ICU admission were prospectively collected and are presented in Table 1. Chronic
kidney disease (CKD) was defined by the presence of an estimated glomerular filtration
rate (eGFR) less than 60 mL/min/1.73 m?, that was calculated preoperatively using the
CKD-EPI equation (5).

The duration of mechanical ventilation, ICU length of stay, the incidence rate of ICU
acquired weakness, delirium, re-intubation and dialysis required as well as the ICU
mortality outcome of enrolled patients were also recorded.

A) The primary endpoint of the present study was the incidence of AKI after cardiac
surgery and the assessment of the perioperative risk factors for AKI development.

B) The secondary endpoint was the association of AKI with clinical outcome.

The Medical Research Council (MRC) scale was used to evaluate muscle strength.
Patients proceeded to assessment as soon as were awake and cooperative. Evaluation
included the measurement of six muscle groups bilaterally: shoulder abductors, elbow
flexors and wrist dorsiflexors for the upper limbs as well as hip flexors, knee extensors
and ankle dorsiflexors for the lower limbs. Test was performed in the same order each
time. Each muscle group scored from 0, indicating no contraction, to 5, indicating
normal power. Total maximum score was 60, whilst MRC score < 48 was defined as
ICU-acquired weakness.

The Confusion Assessment Method for the Intensive Care Unit (CAM-ICU) was used to
assess delirium among patients during ICU stay.

AKI definition

AKI was defined according to the Kidney Disease: Improving Global Outcome
(KDIGO) guidelines. For each patient, serum creatinine (sCr) levels were measured
within 3 days prior to surgery (as baseline levels) and were monitored during the first
48 h postoperatively. AKI was defined as an absolute increase in sCr of 0.3 mg/dL
within 48 h or a 1.5-fold increase from baseline (6).

Statistical analysis

Descriptive statistics analysis was performed to describe the baseline data.

Distribution’s normality was checked with Kolmogorov-Smirnov test. Normally




distributed continuous variables were expressed as mean + SD and non-normally
distributed variables as median with interquartile range (IQR), and categorical variables
as proportions with percentages and absolute numbers. To analyze continuous
variables between patient groups, Mann Whitney test was used for those with non-
normal distribution, f test for those with normal distribution and y? test for categorical
variables. Univariate logistic regression analysis was performed for all variables to
assess risk factors for AKI development. A multivariate logistic regression analysis
model (enter method) was then applied to detect independent predictors of AKI for
those variables with statistical significance in the univariate analysis. A receiver
operating characteristics (ROC) analysis was also performed to test predictor variables
for AKI development. Level of significance was set at P < 0.05. All statistical analyses

were performed with SPSS v.25 software.

RESULTS

Clinical characteristics

The present study enrolled 206 patients during a 3 mo period with a predominance of
male gender (69.9%). The incidence of postoperative AKI, as defined by KDIGO
guidelines, was 26.7%. The baseline demographic and clinical perioperative
characteristics in the entire cohort and according to AKI status are presented in Table 1.
We had all types of cardiac surgery including heart transplantation; however we did
not have any case of beating heart surgery.

Patients that developed AKI were significantly older, had a higher rate of chronic
kidney disease, greater EuroScore II and white blood cells, lower diastolic and mean
blood pressure with higher rate of vasopressor and inotrope requirement at ICU
admission than those patients without AKI. They had also greater extracorporeal
circulation time and a trend to a greater cross-clamp time intra-operatively with longer
duration of general anesthesia and ICU sedation than non-AKI patients.

Logistic regression analysis




The univariate logistic regression analysis is presented in Table 2. From the multivariate

logistic regression analysis performed, high EuroScore II (OR:1.18; 95%CI:1.06-1.31, P =
0.003), white blood cells pre-operatively (OR:1.0; 95%CI:1.0-1.0, P = 0.002) and history of
chronic kidney disease (OR:2.82; 95%CI:1.195-6.65, P = 0.018)_were independent
predictors of AKI (the multivariate analysis model included also univariate predictors
such as mean arterial blood pressure, duration of cardiopulmonary bypass (CBP), ICU
sedation time, duration of general anesthesia, use of vasopressors and inotropes and
fluid balance at the 15t ICU day).

ROC analysis

Graphic results from ROC analysis are illustrated in Figure 1 and detailed data are
reported in Table 3.

Outcome

There was a significant association of AKI development and clinical outcome. Patients
with AKI had prolonged duration of mechanical ventilation and stay in ICU, higher rate

of ICU-acquired weakness, re-intubation, delirium, dialysis and mortality (Table 4).

DISCUSSION

By this study we have shown that there is a high incidence of AKI development in
patients undergoing cardiac surgery. The main results of our study demonstrated also
that the pre-operative assessment seinty score EuroScore 1I, white blood cell count
and chronic kidney disease were independent predictors of AKI development.
Moreover, the occurrence of CSA-AKI was significantly associated with poor outcome.
More specifically, patients that developed AKI after cardiac surgery had prolonged
duration of mechanical ventilation and ICU stay, higher rate of re-intubation, dialysis
and mortality, while they suffered more ICU-acquired weakness and delirium.

Our study results are in line with previous reports. A moderate to high incidence of
AKI has been reported previously from other researchers with, however, a wide range
of results. This wide range of incidence is partly explained by the differences in study

populations and the non-uniform definition of acute kidney injury (AKI) reported in the




current litaature (4). Notably, over thirty different arbitrary definitions have been used
over time for the diagnosis and staging of AKI. The Risk, Injury, Failure, Loss, and End
stage kidney disease (RIFLE) classification criteria were introduced in 2004, defining
AKI as an increase in serum creatinine (sCr) by 1.5 times compared to baseline (or 25%
reduction in GFR) and urine output less than 0.5 mL/kg/h for at least 6 h, over a period
of 7 days. The Acute Kidney Injury Network (AKIN) group suggested a revision of
these criteria in 2007, where GFR was omitted, the period for the change in sCr was
reduced to 48 h, while a small increase of 0.3 mg/dL in sCr was used as a cutoff to
define AKI (7). The Kidney Disease: Improving Global Outcome (KDIGO) workshop
proposed a synthesis of the RIFLE and AKIN criteria in 2012, defining AKI as an 50%
increase in SCr in 7 days, increase in SCr over 0.3 mg/dL in 48 h, or oliguria (<0.5
mL/kg/h for 6-12 h) (6). The pooled incidence rate of AKI after cardiac surgery was
reported to be 22.3% (95% confidence interval [CI], 19.8 to 25.1) by Hu et al in a
systematic review and meta-analysis of 91 observational studies with 320068 patients
that defined AKI using RIFLE, AKIN or KDIGO criteria, an incidence rate similar to the
one we report. Notably, the polled incidence rate in studies using KDIGO criteria was
242 % (95%ClI: 17.5-32.5), while greater difference was reported in studies using RIFLE
(18.9%, [95%CI: 15.7-22.5]) and AKIN criteria (28.0%, [95%CI: 23.6-32.8]) (8). We have
used the KDIGO criteria that has become the new consensus for the definition of AKI as
they demonstrate greater sensitivity to detect AKI and predict in-hospital mortality in
critically ill patients (9).

Unfortunately, the implementation of the above criteria in patients who have
undergone cardiac surgery remains problematic as they have important limitations.
Fluid resuscitation and fluid loading from the pump during CPB is very common,
resulting in sCr changes by haemodilution (1, 2, 4). Taking into account that sCr
concentrations may take up to 24-36 h to rise after the initial renal insult, this may lead
to AKI being underdiagnosed (10). Oliguria consist another pitfall in the assessment of
AKT, as it typically occurs prior to sCr increase, but often is an appropriate response to

intravascular hypovolemia (3). Significant differences in the incidence of AKI have been




reported in cardiac surgery patients by Lagney et al, who compared AKI diagnosed by
oliguria criteria vs AKI diagnosed by sCr criteria (40.2% ©vs9.7%) (11). Given the fact that
urine output documentation is frequently poor, clinicians often use sCr rﬁasurements
alone to diagnose AKI (3). The use of novel urinary biomarkers, such as kidney injury
molecule-1 (KIM-1), neutrophil gelatinase-associated lipocalin (NGAL) and interleukin
18 (IL-18), has been proposed for the early detection of AKI, prior to the increase of sCr
levels. However, they require further validation before being routinely applied in the
heterogeneous population of patients who have undergone cardiac surgery (1, 10).

In our study, CKD, preoperative elevated WBC count and EuroScore II were found as
independent risk factors for the development of CSA-AKI. Chen et al, have reported the
association between increased sCr and postoperative AKI in a prospective cohort study
of 353 patients who received isolated CABG (12). Moreover, the presence of CKD has
been also associated with the severity of AKIL In a retrospective observational study of
156 CKD patients who received valve surgery with CPB, performed by Fu et al, every +1
mg/ dL increase in baseline sCr was found to result in 111% increase in the incidence of
AKI stage 3 (13). Apart from impaired intrarenal hemodynamics and accelerated
atherosclerosis, CKD is characterized by a chronic inflammatory state due to
proinflammatory cytokines, oxidative stress and uremia that predisposes to the
development of AKI (14). Preoperative WBC count may as well indicate subclinical
inflammatory response or multi-organ dysfunction, predisposing to CSA-AKI or other
postoperative complications. In a retrospective cohort study of 10979 cardiac surgery
patients, excluding individuals with inflammatory syndromes like CKD or cancer,
Mahmood et al, reported that leucocytosis (WBC > 11000/ pl) was a significant predictor
of medical complications, including AKI, although it was not associated with 30-day
mortality (15). EuroScore II has been updated in 2011 and has been widely implemented
to assess the mortality risk in patients undergoing cardiac surgery (16). Since then,
several studies has reported its association with the development of AKI and it has been
included in preoperative scoring systems in order to predict major postoperative

complications such as CSA-AKI (12, 17).




The prolonged duration of cardiopulmonary bypass (CPB) as well as the longer
duration of sedation and mechanical ventilation support appeared to be major intra-
operative risk factors for the development of CSA-AKI. These associations were
confirmed in our study in univariate, but not in multivariate analysis. CPB induces AKI
with complex, not completely understood mechanisms such as (a) low-flow, low-
pressure non-pulsatile perfusion that leads to renal ischemia, (b) inflammation caused
by the CPB pump and circuit resulting in formation of free radicals, complement
activation and increase of proinflammatory cytokines, (c) intravascular hemolysis and
free hemoglobin release causing renal tubular damage, (d) platelet activation resulting
in renal ischemia from microemboli and (e) reperfusion injury after CPB that
exacerbates oxido-inflammatory stress (1, 3, 4, 7, 18). The renoprotective effects of off-
pump coronary artery bypass grafting (CABG) were evaluated as a secondary outcome
in the CORONARY randomized trial, which included 4752 patients that were
randomized to undergo CABG, either on-pump or off-pump. The use of off-pump
CABG resulted in reduced incidence of AKI in the first 30 days (RR: 0.87, 95%CI: 0.80 -
0.96), but did not affect the incidence of AKI requiring dialysis (19). In our study, there
was a trend in the association between CSA-AKI and the duration of CPB, as it has been
reported in previous studies (11, 18). A meta-analysis of 14 case-control studies that
included 2157 patients undergoing cardiac surgery, reported that longer CPB time is
associated with increased risk for CSA-AKI (OR: 33.78, 95% CI: 23.15-44.41) (18).

In our study a higher positive fluid balance (FB) 24h post cardiac surgery was
associated with increased incidence of CSA-AKI, but the association did not reach
statistical significance. This correlation has been reported previously in several studies.
A retrospective observational study performed by Chen et al, suggested that a positive
FB over 5% was an independent predictor of AKI occurrence (OR: 3.976, p < 0.001).
Fluid resuscitation is performed during and after cardiac surgery, in order to avoid
volume depletion and hypoperfusion, especially in the case of low cardiac output
syndrome (20). However, fluid overload leads to venous congestion that plays a major

role in the development of congestive cardiorenal syndrome and AKI Yang et al,




showed that increased central venous pressure (CVP) after CPB operation is related
with increased incidence of AKI, especially when CVP exceeds 10 ecmH>0O, while it is
also an independent factor for mortality (21). On the other hand, the benefit of negative
FB is questionable, as its association with decreased incidence of AKI has been reported,
in the previously mentioned study by Chen ef al, as non-significant. Moreover, a“U”-
shaped correlation was found between 48h accumulative FB and AKI progression,
suggesting that an accumulative FB between -5% and 3% might be a possible safe target
window 48h post cardiac surgery (20). Fluid management remains challenging, “cut-
off” values are difficult to be determined and clinical judgment plays an important role.
Efforts for the implementation of “goal-directed therapies” have been made in order to
guide fluid and vasoactive drug administration by achieving preset hemodynamic or
perfusion goals. Some studies showed reduction in the incidence of CSA-AKI.
However, the administered regimens, the monitored parameters and the strategies are
not well established (22).

The development of AKI after cardiac surgery has been associated in several studies
with worse outcomes, regarding mortality and morbidity. These associations have been
confirmed in our study. In a meta-analysis performed by Hu ef al, that included 57
observational studies, the presence of CSA-AKI resulted in increased short term
mortality (unadjusted OR: 0,144, 95%CI : 0.108 - 0.192, p<0.001), and in increased long
term mortality (unadjusted OR: 0.342, 95%CI : 0.287 - 0.407 p<0.001) (8). Hobson et al
reported in a retrospective stury that the impact of AKI on reduced short and long term
survival was propoptional to its severity. AKIL as well as its severity, were also
significantly associated with prolonged stay in ICU and in hospital (2). The association
of CSA-AKI with other postoperative complications is a common finding in several
studies. Patients with AKI is more likely to suffer prolonged mechanical ventilation
support, compared with patients that did not develop AKI (23). Moreover, CSA-AKI
has been reported to result in increased risk for reintubation in patients undergoing
coronary artery bypass grafting (24) as well as for the development of neurological

complications like delirium (25).




Limitations

This observational study, performed in “Onassis” Cardiac Surgery ICU, represents one
of the first prospective studies conducted in Greece that investigate the incidence of
AKI develaoment and the peri-operative risk factors. The main limitation of this study
is that, as an explorative study, its sample size was estimated based on feasibility for a
predefined certain period. Hence, it might have been underpowered to demonstrate the
association of AKI development during ICU and important perioperative risk factors
such as CPB and cross-clamp duration. Despite the relative low sample size, we did
found an important association of AKI development and clinical outcome in all
outcome parameters assessed in the present study. Another limitation of the study was
the cardiac surgery population included with different types of cardiac surgery which

might have also underpowered the sample size.

CONCLUSION

In conclusion, patients undergoing cardiac surgery present frequently with AKI
postoperati\reﬁ. EuroScore II, white blood cell count and history of chronic kidney
disease were independent predictors of AKI development. Importantly, AKI occurrence
post cardiac surgery was found to be associated with poor outcome in terms of
prolonged duration of mechanical ventilation and ICU stay, more ICU-acquired

weakness and delirium and higher re-intubation, dialysis and mortality rate.

ARTICLE HIGHLIGHTS

Research background
Acute kidney injury (AKI) is a complication for patients undergoing cardiac surgery

that might be associated with adverse outcome.

Research motivation
Perioperative targeted monitoring for possible AKI risk factors remains suboptimal and

identification of patients at greater risk requires further investigation.




Research objectives
The study aimed to assess AKI presentation after cardiac surgery, to investigate

prognostic factors for its development and its association with clinical outcome.

Research methods

This is a prospective observational single-center study that included 206 patients
admitted in ICU post cardiac surgery followed-up until ICU discharge. Patients were
divided in two groups, the AKI group that developed AKI within 48 h and the non-AKI
group. Preoperative clinical characteristics, intra-operative factors and outcome were

compared between two groups.

Research results

Patients presented frequently with AKI post cardiac surgery. High EuroScore II (P =
0.003), white blood cells (WBC) pre-operatively (P = 0.002) and history of kidney
disease (P = 0.018) were independent predictors of AKI. AKI is associated with
prolonged ICU stay, greater duration of mechanical ventilation and higher rate of

dialysis, reintubation, ICU-acquired weakness, delirium and mortality.

Research conclusions

AKI is a frequent complication post cardiac surgery associated with poor outcome.
Preoperative clinical characteristics, such as EuroScore II, preoperative WBC or
presence of CKD may help in early identification and appropriate management of

patients in risk for AKI.

Research perspectives
Further investigation is necessary to assess preventive and optimal treatment strategy

protocols for AKI presentation.
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