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Abstract

Aim: Acute kidney injury (AKI) is an important condition after coronary artery bypass graft (CABG) surgery. Precautions can be taken
to prevent AKI by recognizing the risky patients in the preoperative period. In this study, we investigated the relationship between the
serum cystatin C (CyC) levels and AKI after CABG surgery.

Methods: A total of 42 patients (mean age 59.33 (6.66) and 69% male) who underwent isolated on-pump CABG between June 2018 and
January 2019 were included in this prospective cohort study. Creatinine and CyC levels were evaluated at the preoperative period,
postoperative 2™ and 24™ hours. Patients were assessed for the development of AKI according to the Acute Kidney Injury Network
criteria and divided into two groups as those with and without AKI in the postoperative period.

Results: Based on the creatinine level at the postoperative 24™ hour, 9 (21.4%) patients developed AKI. Compared to patients who did
not develop AKI, it was found that CyC level was significantly higher at the postoperative 2™ hour in patients who developed AKI (1.06
(0.26) vs 0.87 (0.19), P=0.023). In patients who developed AKI, the duration of cross-clamp was significantly longer (P=0.038), and
erythrocyte suspension (P<0.001) and the number of fresh frozen plasma infusions (P<0.001) were significantly higher.

Conclusion: Increased CyC levels were associated with the development of AKI in the early postoperative period. CyC measurements
performed in the initial period after CABG can be used in the diagnosis of cardiac surgery related AKI.

Keywords: Coronary artery bypass graft surgery, Serum cystatin C, Acute kidney injury

Oz

Amag: Akut bobrek hasar1 (AKI), koroner arter baypas greft (KABG) ameliyatindan sonra gelisebilen 6nemli bir klinik durumdur.
Preoperatif donemde riskli hastalari taniyarak AKI'nin onlenmesi igin 6nlemler alinabilir. Bu nedenle, AKI igin risk faktorlerini
belirlemek ¢ok 6nemlidir. Bu ¢alismada, serum sistatin C (CyC) diizeyleri ile CABG cerrahisi sonrasi gelisen AKI arasindaki iliskiyi
arastirdik.

Yontemler: Haziran 2018-Ocak 2019 tarihleri arasinda kardiyopulmoner bypass esliginde yapilan KABG cerrahisi yapilan toplam 42
hasta (ortalama yas 59,33 (6,66) ve %69 erkek) bu prospektif kohort calismasia dahil edildi. Acut Kidney injury Network (AKIN)
kriterlerine gore AKI gelisimi degerlendirildi. Hastalar postoperatif donemde AKI olan ve olmayanlar olmak iizere iki gruba ayrildi.
Bulgular: Postoperatif 24. saatte kreatinin diizeyine gore 9 (%21,4) hastada AKI gelisti. AKI gelismeyen hastalarla karsilastirildiginda,
AKI gelisen hastalarda postoperatif 2. saatte CyC diizeyinin kreatinin diizeyine gore anlamli derecede yiiksek oldugu bulundu (1,06
(0,26) vs 0,87 (0,19), P=0,023). AKI gelisen hastalarda krosklemp siiresi anlamli olarak daha uzun (P=0,038), eritrosit siispansiyonu
(P<0,001) ve taze donmus plazma (P<0,001) kullanimi AKT gelismeyen hastalardan anlaml olarak daha yiiksekti.

Sonug: Artmus CyC diizeyleri, postoperatif erken donemde AKI gelisimi ile iliskili bulunmustur. CABG sonrasi erken donemde yapilan
CyC o6lgtimleri, kalp cerrahisi ile iliskili AKI tanisinda kullanilabilir.

Anahtar kelimeler: Koroner arter baypas greft cerrahisi, Serum sistatin C, Akut bobrek hasar1

bypass surgery. J Surg Med. 2020;4(7):562-566.
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Introduction

Development of kidney failure after coronary artery
bypass graft (CABG) surgery is one of the significant causes of
morbidity and mortality [1]. Cardiac surgery-associated acute
kidney injury (CSA-AKI) affects approximately 30% of the
cases who undergo cardiac surgery. CSA-AKI development is
related with lengthened hospital stays and increased mortality
rates [2-4]. Various inflammatory parameters have been
extensively studied in the diagnosis and prediction of the
prognosis of cardiovascular diseases [5,6]. One of them, cystatin
C (CyC) is a 13kD endogenous cysteine proteinase inhibitor that
plays an important role in the intracellular catabolism of proteins
and peptides. Some studies have shown that, in comparison to
creatinine, CyC is a better marker in terms of the detection of
kidney injury [7,8]. In patients who had cardiac surgery, it was
shown that CyC measurement made within the first 24 hours
following the operation could detect AKI development earlier
[9]. In bypass surgeries, preoperative CyC levels were associated
with postoperative kidney injury development [10]. To prevent
CSA-AKI formation, studies are carried out on modifiable risk
factors. Operation time and cross-clamp duration have special
significance [1]. The relationship between an increase in early-
term CyC levels and AKI development has not been reported yet.
This study investigated the relationship between the
postoperative change of blood CyC levels in patients receiving
CABG surgery and early-developing CSA-AKI, and the effect of
cross-clamp duration.

Materials and methods

Patient selection

After approval of the ethics committee from Harran
University (2018 74059997-050.04.04), the trial was registered
on ANZCTR with Id of ACTRN12619000061134. Written
consent was obtained from the patients. This prospective cohort
study included forty-two consecutive patients between the ages
of 18-80 years who underwent CABG surgery between June
2018 and January 2019. Patients were divided into two groups as
those with and without AKI. Renal failure after the operation
was determined according to the Acute Kidney Injury Network
(AKIN) criteria, as shown below [2]:

Stage 1: Increase in serum creatinine >1.5 x baseline or
>0.3 mg/dL, or decrease in glomerular filtration rate (GFR)
>25%

Stage 2: Increase in serum creatinine >2.0 x baseline or
decrease in GFR >50%

Stage 3: Increase in serum creatinine >3.0 X baseline or
>4.0 mg/dL (354 pmol/L), or decrease in GFR >75%, or
initiation of renal replacement therapy

Patients with kidney disease (preoperative creatinine
level >2 mg/dl), hemodialysis patients, those who were planned
to undergo cardiac valve surgery with CABG surgery, pregnant
patients, those to receive revision surgery, patients in whom
normotension could not be achieved with inotropic support after
development of hypotensive attack, and patients who had
emergency surgery (those taken into surgery within 24 hours
following coronary angiography application) were excluded. The
demographic data (age, gender, height, weight) of the patients
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and their preoperative left ventricular ejection fraction (LVEF)
were recorded. Written informed consent was obtained from all
patients.

Blood sampling

Preoperatively and at the 2" and 24™ postoperative
hours, blood samples were collected for BUN, creatinine and
CyC. For CyC measurements, 5-ml serum separator tubes were
used, and the obtained blood samples were centrifuged and kept
at -80°C until analyzed. The serum CyC analyses were carried
out by the “immunonephelometric method” in a Siemens BN
ProSpec analyzer by using the Siemens N Latex Cystatin C
commercial kits (Dade-Behring, Germany) (reference range:
0.62-1.11 mg/L).

Statistical analysis

The data were analyzed with SPSS 20.0 software (SPSS
Inc. an IBM Company, Chicago, USA). Kolmogorov-Smirnov
test was used to check the normality of distribution of the
variables. The normally distributed continuous variables were
compared with student’s t-test and represented as mean =+
standard deviation. The non-normally distributed continuous
variables were compared by Mann Whitney-U test and
represented as median (25-75" quartiles). The categorical
variables were represented as frequency (percentage) and
compared with chi-square or Fisher’s exact tests. Pearson’s or
Spearman’s correlation coefficient was used for correlation
analysis. P-values<0.05 were considered statistically significant.

Results

The preoperative basal characteristics of 42 patients
who were included in the study are shown in Table 1. The mean
age of the patients was 59.33 (6.66) years, and 69% (29) of the
patients were male. Seventeen patients (40.5%) had a history of
hypertension, while 16 (38.1%) had a history of diabetes
mellitus. The mean LVEF was 53.7% (5.4).

The postoperative basal characteristics of the patients
are presented in Table 2. While the median cross-clamp duration
was 95 (80-120) minutes, the median bypass duration was 127
(100-146) minutes. The mean extubation time after the operation
was 5.83 (0.96) hours. Inotropic agent support was used in 17
patients. Considering the creatinine level at the 24™ postoperative
hour, acute kidney injury (AKI) developed in 9 (21.4%) patients.

Table 1: Preoperative basal characteristics of patients

Variables (n=42)
Age, years, mean(sd) 59.33 (6.66)
Male gender (%) 29 (69.0)
Hypertension (%) 17 (40.5)
Diabetes mellitus (%) 16 (38.1)
Smoking (%) 14 (33.3)
Ejection Fraction (%), mean(sd) 53.7 (5.4)
Preoperative urea, mg/dL, mean(sd) 33.41 (12.85)
Preoperative creatinine, mg/dL, mean(sd) | 0.75 (0.18)
Preoperative Cystatin C, mean(sd) 0.87 (0.20)
Table 2: Postoperative basal characteristics of patients
Variables (n=42)
Cross-clamp duration, min. 95 (80-120)
Cardiopulmonary Bypass duration, min. 127 (100-146)
Number of grafts 3.17 (0.76)
Extubation hour 5.83 (0.96)
Mediastinal drainage amount, ml 300 (237-400)
Thorax drainage amount, ml 300 (200-400)
Number of erythrocyte suspensions given | 2 (1-3)
Number of fresh frozen plasma given 2(2-3)
Inotropic support (%) 17 (40.5)
Acute kidney injury development (%) 9(21.4)

min: minutes, ml: milliliters
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Table 3 shows the comparison of the preoperative
characteristics of the patients who developed AKI and those who
did not. There was no statistically significant difference between
the groups in terms of preoperative characteristics. Table 4
shows the comparison of postoperative characteristics of these
patients. In comparison to the patients who did not develop AKI,
those who did had longer cross-clamp durations (P=0.038) and
higher amounts of erythrocyte suspension (P<0.001) and fresh
frozen plasma infused (P<0.001). These differences were all
statistically significant. The patients who developed AKI had
significantly higher cystatin levels at the 2™ postoperative hour
(1.06 (0.26) vs 0.87 (0.19), P=0.023). Furthermore, as expected,
the 24™-hour creatinine levels in the patients who developed AKI
were significantly higher than those who did not (0.99 (0.30) vs
0.71 (0.21), P=0.003). However, there was no statistically
significant difference between the groups in terms of the 2"-hour
creatinine levels (P=0.167).

Creatinine level in 3 patients, and cystatin levels in 9
patients increased significantly at the 2" postoperative hour
compared to basal levels. Table 5 shows the comparison of the
patients who did and did not develop AKI in terms of significant
creatinine and cystatin increase at the 2" postoperative hour.
Among 9 patients who developed AKI, only 2 had significant
creatinine and 8 had significant CyC increase at the 2™
postoperative hour. There was no significant difference between
the groups in terms of creatinine increase (P=0.111), however,
CyC increase was significantly higher in the AKI- developing
group (88.9% vs 33.3%, P=0.006). The correlation analysis
revealed that cross-clamp duration was positively correlated with
the postoperative 2™ hour cystatin (r=0.406, P=0.008),
postoperative 2" hour creatinine (r=0.400, P=0.009) and
postoperative 24"™ hour creatinine (r=0.385, P=0.012) levels.
Additionally, postoperative 2™ hour CyC level was positively
corelated with the postoperative 2™ hour creatinine (r=0.425,
P=0.005) and postoperative 24™ hour creatinine (r=0.531,
P<0.001) levels (Figure 1).

Table 3: Comparison of the preoperative characteristics of patients who developed AKI and
those who did not

AKI [] AKI [+] P-value

(n=33) (n=9)
Age, years 58.36 (6.48) 62.89 (6.41) 0.084
Male gender (%) 22 (66.7) 7(77.8) 0.695
Hypertension (%) 16 (48.5) 1(11.1) 0.060
Diabetes mellitus (%) 13(39.4) 3(33.3) 1.000
Smoking (%) 9(27.3) 5 (55.6) 0.133
Ejection Fraction (%) 54.24 (5.46) 51.67 (5.00) 0.201
Preoperative urea, mg/dl 33.18 (12.29) 34.29 (15.54) 0.821
Preoperative creatinine, mg/dl | 0.77 (0.16) 0.66 (0.19) 0.070
Preoperative Cystatin C 0.86 (0.20) 0.87 (0.20) 0.909

AKI: Acute kidney injury, mg: milligrams, dI: deciliters

Table 4: Comparison of the postoperative characteristics of patients who did and did not
develop AKI

AKI [-] AKI [+] P-value

(n=33) (n=9)
Cross-clamp duration, min. 88 (71-114) 113 (96-124) 0.038
Cardiopulmonary Bypass duration, min. 117 (95-143) 143 (120-159)  0.052
Number of grafts 3.15(0.83) 3.22 (0.44) 0.809
Extubation hour 5.73 (1.01) 6.22 (0.67) 0.174
Mediastinal drainage amount, ml 300 (225-400) 300 (250-375)  0.857
Thorax drainage amount, ml 300 (250-400) 200 (125-350) 0.056
Number of erythrocyte suspensions given | 1.79 (0.65) 3.78 (0.67) <0.001
Number of fresh frozen plasma given 2.24 (0.50) 3.33(0.87) <0.001
Inotropic support (%) 11 (33.3) 6 (66.7) 0.124
Postoperative 2" hour urea, mg/d| 35.92 (9.15) 41.96 (15.11) 0.139
Postoperative 2" hour Creatine, mg/dI 0.75 (0.20) 0.85 (0.23) 0.167
Postoperative 2" hour Cystatin C 0.87 (0.19) 1.06 (0.26) 0.023
Postoperative 24™ hour urea, mg/d| 36.08 (12.38) 45.22 (18.55) 0.281
Postoperative 24" hour Creatinine, mg/dl | 0.71 (0.21) 0.99 (0.30) 0.003
Postoperative 24™ hour Cystatin ¢ 0.93 (0.20) 1.09 (0.28) 0.143

AKI: Acute kidney injury, mg: milligrams, dI: deciliters, ml: milliliters
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Table 5: Comparison of the patients who did and did not develop AKI based on
postoperative 2" hour significant creatine and cystatin increase

AKI [-] AKI[+]  P-value
(n=33) (n=9)
2nd hour significant creatinine increase n(%) | 1(3) 2(222) 0111
2nd hour significant cystatin increase n(%) 11(33.3) 8(88.9) 0.006

AKI: Acute kidney injury, Significant creatinine increase: Any stage of the Acute Kidney Injury Network
criteria, Significant cystatin increase: At least 15% increase compared to basal value

Postoperative 2nd hours creatinine
Postoperative 24th hourscreatinine

Postoperative 2nd hours cystatin Postoperative 2nd hours cystatin

Figure 1: Comparison of Cystatin C and Creatinine values
Discussion

The main finding obtained in this study is that a
relationship was determined between early postoperative period
CyC levels and AKI. CyC is a protein with a low molecular
weight. Although the serum concentrations of many proteins
with low molecular weights increase in inflammatory,
immunological, and neoplastic disorders, CyC concentrations
remain unaffected. Many studies have shown that its disposal
from the body occurs only by glomerular filtration, it does not
vary based on age, gender, or body muscle mass, and it is better
than creatinine as a glomerular filtration rate (GFR) indicator.
CyC is not bound by any protein and is freely filtered from the
glomerulus. Differing from creatinine, it does not undergo
tubular secretion, and its half-life (90-120 min — 4 h) is shorter
[8]. The production rate of CyC is highly stable, and its plasma
concentration may be used as a reliable measurement of the
glomerular filtration rate. In comparison to other biomarkers, it
was reported that measurement of blood CyC levels provided the
best results in determining AKI development in postoperative
care patients in the intensive care unit after cardiac surgery [11].
In a study they conducted with 1246 patients, Wasen et al.
showed that increases in CyC and creatinine levels are highly
associated with AKI development [12]. In our study, we
examined CyC levels in the postoperative early period and
observed an increase, which was related to AKI development.
This suggests that CyC measurement may be useful in predicting
a kidney injury that starts during an operation.

One important finding of our study is the positive
correlation between cross-clamp duration and AKI, where more
AKI development was observed in cases with prolonged cross-
clamp duration. In physiological conditions, until the average
blood pressure drops under 80 mmHg, the glomerular filtration
rate (GFR) is preserved by autoregulation. During cardiac
surgery, the average blood pressure progresses under the critical
limit. It was shown that there is a noticeable decrease (25-70%)
in kidney blood flow, as well as a reduction in glomerular
filtration rate in patients undergoing cardiac surgery. Patients’
exposure to angiotensin-converting enzyme, angiotensin receptor
blockers, non-steroid anti-inflammatory drugs and nephrotoxic
drugs such as radiocontrast agents increases their risk of kidney
failure. During CPB, low perfusion pressure and non-pulsatile
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flow reduce kidney blood flow and increase renin secretion and
angiotensin-11 production. During CPB, patients are exposed to
strong systemic inflammatory response. Inflammation is a major
risk factor for ischemic kidney injury [2]. A retrospective study
which investigated 669 patients between the ages of 18-40 years
who underwent cardiac surgery due to congenital heart disease
reported that a mean cross-clamp duration of 52 minutes was
associated with increased AKI [13]. Another study conducted in
145 pediatric cardiac surgery cases reported that CPB and long
aortic cross-clamp duration were effective in development of
AKI [14]. A study on 45 patients who received off-pump CABG
reported that AKI developed in 24%, and CPB and aortic cross-
clamp durations were significantly longer in patients who
developed AKI in comparison to those who did not [15]. In our
study, cross-clamp durations were noticeably longer in 21.4% of
the patients that developed AKI, which suggests that increased
cross-clamp duration in CABG patients plays a role in AKI
development.

The mechanisms where perioperative anemia and RBC
transfusions could lead to AKI in cardiac surgery have not been
clarified. The latest proteomic studies suggest that all patients
who experience cardiac surgery with CPB developed the early
stages of ischemia-reperfusion kidney damage, but whether or
not they developed AKI was dependent on not only the
revelation of other renal effects but also the following
inflammatory response and the severity of hypoxia and oxidative
stress. Anemia and RBC transfusion may lead to AKI by directly
harming the kidney or increasing the susceptibility of patients to
simultaneous kidney damage [16]. During storage, RBCs
experience various changes that may harm the kidney after
transfusion. These changes include reduction in 2,3-
Diphosphoglycerate, adenosine triphosphate and S-nitroso-
hemoglobinase and increased concentrations of lactate,
potassium, cytokines, iron, and free hemoglobin in the
supernatant [17-21]. Red blood cells may also be even more
deformed in a time-dependent manner during storage and
become more fragile. This leads to accumulation of hemoglobin-
loaded microvesicles in the supernatant, while causing
approximately 25% of RBCs to become susceptible to early
hemolysis within the hour following transfusion [22-24].
Cumulatively, these changes may lead to a disruption in the
transmission of oxygen to the tissue after transfusion, increased
severity of inflammatory response and oxidative stress, and thus,
kidney damage. Based on this hypothesis, some retrospective
studies have found a relationship between the age of blood and
negative outcomes.

There are different views on the indication of blood
transfusion. Some authors transfused blood when the Hb level
was 9 gr/dl, while some others waited until it decreased to 7.5
gr/dl. However, the meta-analysis carried out by Mazer et al.
[25] that was published recently reported that transfusion made
based on the Hb level in cardiac surgery patients carrying a
moderate-high risk of mortality did not affect morbidity, and
there was no difference between the restrictive and liberal
approaches in terms of mortality, myocardial infarction, stroke or
newly-onset kidney failure requiring dialysis. A liberal strategy
was followed in our study, and the Hb levels were aimed to be
kept at 8.5 gr/dL or higher. It was observed that more AKI
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developed in patients who received blood transfusion than those
who did not; however, none of these patients developed kidney
failure. In order to understand better the extent to which blood
transfusion affects AKI in these patients, it may be necessary to
conduct broader-scale studies. In the meta-analysis by Chen et al.
[26] on patients who underwent cardiac surgery, it was reported
that the restrictive transfusion strategy did not have lower rates
of 30-day mortality, pulmonary morbidity, postoperative
infection, cerebrovascular event, AKI or acute myocardial
infarction in comparison to the liberal strategy.

A retrospective study including 1444 cardiac surgery
patients investigated the relationship between preoperative,
intraoperative anemia and erythrocyte suspension transfusion and
AKI. The researchers reported that one or more of these risk
factors were found in more than a third of the patients, AKI
developed in 16% of the patients, and there was an increase of
2.6 times in the risk of AKI development in these patients in
comparison to individuals who did not have any of the risk
factors [3]. Stover et al. [27] suggested that the frequency of
blood transfusion in patients who receive CABG surgery is
between 27% and 92%, but this variability cannot be explained
solely by the preoperative characteristics of patients, CPB time
or perioperative bleeding amounts. It was argued that this
difference may be dependent on the clinic, and excessive blood
transfusion is made at some clinics in proportion to perioperative
blood loss. A study by Koch et al. [28] on approximately 12000
patients who received CABG surgery showed that erythrocyte
suspension transfusion is a risk factor for postoperative cardiac
complications, severe infections, kidney failure, neurological
complications, total morbidity, prolonged ventilator support and
in-hospital mortality depending on the number of units. A
retrospective study carried out by Giiven et al. [29] on 407
patients who had CABG surgery demonstrated that blood and
blood product transfusion in patients having CABG surgery
increased postoperative complications and mortality in relation
to the number of units. In that study, it was reported that fresh
frozen plasma transfusion noticeably increased mortality in
patients who received CABG surgery. The effects of erythrocyte
suspension and fresh frozen plasma transfusion on morbidity are
not completely known. The finding in our study that more AKI
developed in the patients who received blood transfusion may
lead one to think that transfusion causes kidney damage.
However, it would be appropriate to investigate the issue of
whether this damage is caused by transfusion or the clinical
situation that required the transfusion with further studies with
larger number of patients.

Limitations

Its single-center design and the fact that operations were
conducted by multiple surgical teams are some of the limitations
of our study. Also, our number of patients was relatively low.
Further studies involving larger populations are needed to
confirm these findings.

Conclusion

We observed that increased serum CyC levels in the
early postoperative period was associated with AKI
development. As AKI can be diagnosed and treated early, we
believe that CyC measurements in initial period after CABG may
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be helpful for early diagnosis of CSA-AKI. Further studies
involving larger populations are needed to confirm this finding.
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