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Background and objective. Acute kidney injury (AKI) following
cardiac surgery with cardiopulmonary bypass (CPB) is polyeth-
iological clinical syndrome. During CPB haemodilution devel-
ops, which is useful in reducing the risk of thrombosis; however,
haemodilutional anaemia decreases oxygen transfer and provokes
tissue hypoxia, which can lead to acute organ damage. The aim of
the study was to find out the impact of perioperative anaemia on
AKT after cardiac surgery with CPB.

Materials and methods. This prospective study included 58
adult patients undergoing elective cardiac surgery with CPB, with-
out any preoperative chronic renal disease or any systemic auto-
immune disease. Serum concentrations of NGAL had been tested
before the surgery, 2 hours, 6 hours, and one day after the surgery.
Perioperative anaemia was assessed according to the Ht value be-
fore the surgery, the Ht value during CPB, and immediately after
the surgery.

Results. The rate of haemodilutional anaemia is 77.59% in this
study. The average of serum NGAL concentration before CPB was
63.95 + 33.25 ng/mL and it was significantly lower than the aver-
age concentration 2 hours after the surgery, 6 hours after the sur-
gery and one day after the surgery (respectively 148.51 + 62.39,
119.44 + 55, 128.70 + 59.04 ng/mL, p < 0.05). AKI developed in
46.55% of the patients. A significant positive reasonable correlation
between the development of perioperative anaemia and AKI was
determined (r = 0.50, p < 0.05).

Conclusions. Post-operative AKI after cardiac surgery with CPB
has a moderate positive correlation with perioperative haemodilu-
tional anaemia. A longer CPB time and aortic cross-clamping time
were found to be the risk factors for the development of AKI.
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INTRODUCTION

Acute kidney injury (AKI) after cardiac surgery
with cardiopulmonary bypass (CPB) is associated
with an increased risk for chronic kidney diseas-
es, an increased incidence of myocardial infarc-
tion, stroke, respiratory failure, serious infections,
blood product transfusions, and mortality (1).
The development of AKI is polyethiologic. During
CPB haemodilution develops, which is a risk fac-
tor for AKI. Throughout cardiac surgery haemod-
ilution is useful in reducing the risk of thrombosis,
however, haemodilutional anaemia decreases ox-
ygen transfer and provokes tissue hypoxia, which
can lead to organ ischemia and acute damage (2).
It was noticed that it was the outer layer of renal
cortex that suffered from early injury and hence
ischemic AKI developed (3).

According to the severity, AKI is classified
into (1) severe (serum creatinine level increase
>3 times of the initial value), requiring kidney
replacement therapy, (2) moderate (serum creati-
nine level 2-3 times higher than the initial value),
and (3) mild (serum creatinine level increases up
to 1.5 times from the initial value) postoperative
AKI. However, serum creatinine concentration is
not an accurate and early indicator of the kidney
condition, thus it is often suggested to use newer
biomarkers instead, which allow earlier diagnosis
and detect injuries of a minor degree (4). AKI can
be diagnosed by serum level of neutrophil gelati-
nase-associated lipocalin (NGAL), which is a bi-
omarker reflecting early kidney injury in the dis-
tal nephrons (5). It reflects kidney injury caused
by ischemia or nephrotoxins (6). The increase
of serum NGAL concentration under 150 nmo-
I/L is considered a normal reaction to interven-
tion, stress, and other factors. The level of serum
NGAL over 150 nmol/L shows minimal kidney
injury. However, when it exceeds 250 nmol/L, it
is considered a serious injury. Biological action
of NGAL relies on specific receptors found in
the brain or other tissues. Most often the interface
of receptors is observed in kidney distal tubule
cells on the brush layer (3). Other studies have
shown that the values of serum NGAL 2 hours af-
ter the surgery have a significant correlation with
AKI (7). During cardiac surgery, it is essential
to assess haematocrit (Ht), though its minimum
value, which should be maintained during CPB,

is not defined due to the lack of clinical studies
(9, 10). A decrease in Ht is associated with a high-
er risk of complications, mortality, and higher
rates of return to CPB (8). Each hospital has its
own regulations on acceptable values of haemat-
ocrit and indications for transfusion during CPB.
Some authors recommend to keep haematocrit
>25% while others suggest higher limits (>30%).
A study with animals showed 19% to be the criti-
cal point. The goals of the present study were: (1)
to detect the rate of AKI and the rate of perioper-
ative anaemia in patients undergoing elective car-
diac surgery with CPB; (2) to find the relationship
between intraoperative haemodilutional, preop-
erative, and postoperative anaemia, and the rate of
postoperative AKI; (3) to determine the impact of
various perioperative factors for the development
of AKL

MATERIALS AND METHODS

A prospective study was conducted from Novem-
ber to December 2015 at the Department of Car-
diothoracic and Vascular Surgery, of the Kauno
klinikos Hospital of the Lithuanian University of
Health Sciences. The study was approved by Kaunas
Ethics Commission (protocol No. BEC-MF-146)
and research was carried following the Declaration
of Helsinki II.

The study included 58 patients undergoing elec-
tive cardiac surgery with CPB, without chronic re-
nal disease and any systemic autoimmune disease
preoperatively, which could have been the reason
for any preoperative kidney injuries.

All patients received a standardized anaesthetic
and CPB management. Patients were pre-medicat-
ed with midazolam or diazepam and morphine.
Anaesthesia was induced with propofol, fentanyl,
and rocuronium and maintained with sevoflurane,
fentanyl, and rocuronium. All patients underwent
median sternotomy, the aorta was cross-clamped,
and anterograde cold crystalloid cardioplegia (4°C
St. Thomas’ hospital solution) was applied for myo-
cardium protection. The CPB machine was primed
with 1.5 L of crystalloid solution containing 10,000
units of heparine. A roller-pump with a membrane
oxygenator (Dideco D703, Mirandola, Italy) and
a venous reservoir were used. The non-pulsatile
pump flow rates were maintained between 2.4 and
2.6 L/min/m?body surface area.



The correlation of post-operative acute kidney injury and perioperative anaemia in patients undergoing... 81

The following risk factors have been assessed:
diabetes mellitus (DM), the use of diuretics before
and after the surgery.

Perioperative anaemia was assessed according
to Ht values before the surgery, Ht value during
CPB, and immediately after the surgery. Ht < 25%
was considered as haemodilutional anaemia (11).

AKI was assessed according to the serum con-
centration of NGAL, which had been tested before
surgery, 2 hours, 6 hours, and one day after surgery.
Patients were included into the group with AKI
when at least one postoperative value of NGAL
was >150 ng/mL. Serum creatinine concentration
was also assessed before and after surgery within
the prior 7 days in the cardiac surgery department.
According to KDIGO criteria, AKI was diagnosed
when creatinine increased at least by 50% during
the first seven days after surgery (12).

Statistical analysis was performed with the Sta-
tistical Package for the Social Science (SPSS) v.23.
Quantitative variables were described as a mean
and standard deviation (SD). The Kolmogorov-
Smirnov test was used to determine the distribu-
tion of quantitative data. When the distribution of
variables was normal, Student’s t-test was used to
compare the quantitative sizes of two independent
samples, and the non-parametric Mann-Whit-
ney U test was used to compare non-normally
distributed variables. Qualitative data were com-
pared between the two groups by using chi-square
(x*) tests. Linear dependence between variables
was evaluated by using correlation coefficients.
The Pearson’s or Spearman’s correlation coeflicient
was used taking into account the distribution of
variables. The difference was considered statisti-
cally significant when p < 0.05.

RESULTS

The study included 58 patients assigned to ASA
class III. Their demographic and surgery-relat-
ed parameters are presented in Table 1. Preop-
eratively, the values of Ht, serum creatinine, and
serum NGAL were within normal ranges in all
the patients. Moreover, creatinine and NGAL be-
fore the surgery were not significantly different in
patients who developed AKI postoperatively and
those who did not.

The average concentration of serum NGAL be-
fore CPB was 64.38 + 33.55 ng/mL and it was sig-

nificantly lower than the average concentration 2
hours after surgery, 6 hours after surgery, and one
day after surgery (respectively, 150.37 + 62.36,
119.57 + 54.64, 129.22 + 58.74 ng/mL, p < 0.01).

When evaluating NGAL values, in 46.55% of
the patients a significant increase of NGAL con-
centration from the initial concentration was
observed. Mild AKI occurred in 32.76% patients
(NGAL serum level 150-250 ng/mL), and in
13.79% of the patients serious AKI was observed
(NGAL serum level >250 ng/mL). The average se-
rum creatinine level after surgery was significant-
ly higher than that before surgery (respectively
106.53 £ 38.63 umol/L vs 95.09 + 28.18 umol/L,
p < 0.01). According to the changes in the cre-
atinine level after surgery, AKI was detected in
12.07% of the patients. Renal replacement therapy
was needed in two patients (3.33%) after surgery.

During surgery, 27.59% of the patients had red
blood cell transfusions. Of those who developed
AKI, 33.33% underwent a transfusion. In compari-
son with the patients who did not develop AKI, only
22.58% underwent a transfusion. Although those
patients, who had transfusions, experienced AKI
more often, there was no significant correlation be-
tween AKI and transfusion.

The average haematocrit before CPB was
37.16 + 6.52%. The average haematocrit during
CPB was significantly lower than that after surgery
(respectively, 22.66 + 4.05% and 27.36 + 4.32%,
p < 0.01). During the perioperative period, anaemia
was observed in 77.59% of the patients (Ht < 25%)
(Table 2). A significant positive correlation between
the perioperative anaemia and AKI was determined.
In addition, intraoperative (Ht < 25%) anaemia oc-
curred in 75.86% of the patients and had a moderate
significant correlation with postoperative AKI. Post-
operative (Ht < 25%) anaemia separately did not sig-
nificantly the development of AKI.

The duration of surgery, a red blood cell (RBC)
transfusion, the use of diuretics before surgery and
after surgery in the ICU, fluid balance, and diabe-
tes mellitus did not show a significant correlation
with the development of AKI. However, the dura-
tion of aortic cross-clamping and the CPB duration
had a moderate correlation with the development of
AKI (Table 3). However, in the group of the patients
with AKI, the duration of aortic cross-clamping and
the duration of CPB were not significantly higher in
comparison with the patients without AKI (Table 1).
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Table 1. Patients’ demographic and clinical characteristics (n = 58)

Patients with postop- | Patients without postop-
erative AKI (n = 27) erative AKI (n = 31) p value
Anthropometric parameters
Age (years) 69.19 + 10.09 64.68 £ 15.20 0.21
Sex (male, %) 70.37 51.61 0.15
Surgery parameters
Duration of surgery (min) 204.26 £ 51.75 199.52 +39.36 0.62
Patients with postoper- | Patients without postoper-
ative AKI (n = 27) ative AKI (n = 31) pvalue
Duration of CPB (min) 99.63 +26.57 80.06 + 27.50 0.44
Duration of aortic cross-clamping (min) 56.70 + 19.82 44.29 +18.74 0.35
Surgery type
CABG, % 70.37 58.06
Valve repair, % 29.63 35.48 0.33
Combined, % 0 6.45
Perfusion pressure (mmHg) 67.56 + 5.60 68.00 + 5.24 0.61
Haematocrit
Before surgery, % 37.70 £ 6.11 36.68 +6.92 0.38
Within surgery (lowest value), % 22.67 +4.17 22.65+4.01 0.37
After surgery, % 27.63 £4.01 27.13 +£4.63 0.53
Blood components
RBC transfusion, % 33.33 22.58 0.36
Blood plasma, % 7.41 6.45 0.89
Diuretics
Before surgery, % 37.04 22.58 0.23
After surgery, % 74.07 64.52 0.50
ICU time
Duration in ICU (days) 4.44 + 6.67 3.23+1.33 0.12
Fluid balance 1st day after surgery, mL 462.22 +1344.54 287.42 +1063.00 0.43
Diabetes mellitus, % 11.11 12.90 0.83
Haemoglobin preoperative, g/L 131.44 +18.04 132.97 +13.12 0.28
Creatinine preoperative, umol/L 107.52 + 34.00 84.26 £ 15.70 0.42
NGAL preoperative, ng/mL 87.73 + 31.81 44.05 £ 18.54 0.40
Fluid balance during surgery, mL 2073.52 + 786.88 2002.26 + 647.60 0.55

Table 2. Correlations between AKI and pre-operative, intra-operative, post-operative, and perioperative anaemias

Patients (n = 58) p value, r value

Intraoperative anaemia, #n (%) 44 (75.86) p<0.01, R=0.45
Postoperative anaemia, #n (%) 16 (27.59) p=0.96,R=0.01
Perioperative anaemia, 7 (%) 45 (77.59) p <0.01,R=0.50
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Table 3. The correlation of baseline characteristics and post-operative AKI

Characteristics Patients (n = 58) Correlation with AKI
Duration of surgery (min) 202 £45 p=0.99,r<0.01
Duration of CPB (min) 89 +29 p<0.01,r=0.38
Duration of aortic cross-clamping (min) 50 + 20 p=0.02,7=0.30
RBC transfusion 7 (%) 16 (27.59) p=037,r=0.12
Usage of diuretics n (%)
Before surgery 17 (29.31) p=024,r=0.16
After surgery 40 (68.97) p=0.67,r=0.07
Fluid balance after surgery (mL) 2035+ 710 p=0.84,r=0.03
Diabetes mellitus 7 (%) 7 (12.07) p=0.84,r=-0.03

DISCUSSION

The aim of this study was to find out the effect
of perioperative anaemia on AKI after cardiac
surgery with CPB. The data regarding the mini-
mum Ht value presented in the scientific litera-
ture are contradictory. It has been decided to re-
gard Ht value as harmful when it is below 25%. In
the study by Hajjar et al,, it is proposed to regard
24% as the minimum Ht value. However, there are
sources suggesting that 30% should be viewed as
the minimum value, which may require a trans-
fusion (9, 13). In most publications, this value of
haematocrit is associated with tissue hypoxia that
affects target organs — the lungs, the kidneys and
the heart (13). Usually, even the affected renal
function recovers to the normal. However, there
are data confirming that AKI is a significant fac-
tor for the development of the chronic kidney
disease (14). In the study by Pannu et al.,, it was
noticed that approximately 11% of AKI result in
the chronic kidney disease (15).

Usually the evaluation of the kidney function
is based on serum creatinine levels and diuresis.
We used NGAL to assess the AKI. It is produced
in the distal nephron and its synthesis is up-regu-
lated in response to kidney injury. NGAL acts to
bind iron-chelating proteins secreted by bacteria
and thus has an anti-inflammatory and bacterio-
static effect (30). NGAL is superior to creatinine
because, unlike creatinine, it gives no value to
age, sex, muscle mass, metabolic disorders, and
dehydration. NGAL, opposite to creatinine or ol-

iguria, may show whether the emerging kidney
injury is reversible or not (14). It is important
that the serum creatinine level remains normal
when the kidney function is affected slightly (5).
The most visible drawback of serum creatinine is
that it is distributed throughout the whole body;
therefore, such changes as synthesis or elimination
in the blood plasma are noticeable only after two
days. Moreover, the decline of the creatinine con-
centration in serum after the cardiac surgery due
to haemodilution is observed, which further com-
plicates the diagnostics of AKI (16). On the other
hand, decreased GFR may be masked by loop diu-
retics, and, as a result, AKI may not be diagnosed
(17). So, NGAL contributes to the earlier diagno-
sis of AKI, thus, enabling the application of early
treatment and prophylaxis. The definition of AKI
is still not standardized (18). This study revealed
that the frequency of AKI is higher when assess-
ing changes in serum NGAL concentration than
that assessed by the changes in the concentration
of serum creatinine. However, NGAL is still not
routinely used in clinical practice because overall
results are inconsistent, with variations in sample
collection protocols, procedure type, and the pa-
tient population.

A low Hb level of reduces oxygen transfer to
the tissues. The emerging hypoxia plays a crit-
ical role in the development of AKI. Therefore,
preoperative haemoglobin should be optimized
with iron supplementation (19). This study ob-
served that AKI after cardiac surgery is associated
with moderate anaemia. The study of Santo et al.
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suggests that anaemia is independently associ-
ated with AKI. Other references also found that
the haemodilution of CPB duration increases
the risk of developing AKI (20).

This study did not reveal that blood transfu-
sion increases the possibility of developing AKI.
Recently, major studies found transfusion to be
an independent predictor of AKI (21). But nu-
merous sources maintain that dilution anaemia is
the main cause of AKI and the transfusions per-
formed are only the consequence (20).

In the study conducted by Fakhari et al., it was
found that the rate of AKI after cardiac surgery
can be reduced by using furosemide during sur-
gery and in early postoperative period (22). In our
study, 36.21% of patients received diuretic therapy
during the early postoperative period in the ICU,
but it did not influence the rate of AKI. It could be
explained by the dose and the choice of diuretic,
and more intense infusion therapy during surgery
(23). However, further multi-centre studies with
larger number of patients and different doses of
furosemide are required to confirm these results.

Diabetes mellitus is an independent risk factor
for AKI. Patients with the disease suffer from im-
paired vasculature, therefore there is a higher risk
of kidney hypoperfusion and ischemia periods,
which may cause AKI (24). In patients with DM,
AKI is often underdiagnosed after heart surgery
(25, 26). This study did not find any relation be-
tween DM and AKI, possibly due to a relatively
small sample size.

Surgical factors such as CPB duration and aor-
tic cross-clamping time may help to assess the risk
of AKI (27). The longer CPB, the more intense
haemolysis is. Free haemoglobin released from
damaged erythrocites is nephrotoxic. In the study
by Yunus it was found that CPB duration of 71—
140 min and >140 min increases the risk of AKI
by an OR of 4.76 and 6.30, respectively (28). It was
also observed that the patients who had no history
of kidney diseases prior to surgery but developed
it after it, had a longer CPB duration, a lower CPB
perfusion flow, and CPB perfusion pressure was
<60 mmHg (29). In our study, surgery duration
and mean perfusion pressure did not influence
the rate of AKI. Aortic cross-clamping time and
CPB duration were not significantly higher in pa-
tients with AKI, but both factors moderately cor-
related with the development of AKI.

Our data indicates that exposure to haemod-
ilutional anaemia during surgery was associated
with an increased risk of AKI.

There are several limitations in this study.
The small sample size causes concerns for type II
error and the over signification of individual pa-
tients in the analysis. Furthermore, the high in-
cidence of anaemia leaves only 22.41% patients
without perioperative anaemia. These small sub-
group sample sizes limit the utility of the statisti-
cal comparisons made between them.

CONCLUSIONS

The rate of perioperative anaemia is 77.59% in our
study. AKI developed in 46.55% of the patients.
Post-operative AKI after cardiac surgery with
CPB has a moderate positive correlation with pe-
rioperative haemodilutional anaemia. Longer
CPB time and aortic cross-clamping time were
found to be the risk factors for the development
of AKI.
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PACIENTU PO SIRDIES OPERACIJU
DIRBTINES KRAUJO APYTAKOS SALYGOMIS
POOPERACINIO UMINIO INKSTU PAZEIDIMO
IR PERIOPERACINES ANEMIJOS SASAJA

Santrauka

Ivadas. Uminis inksty pazeidimas (UIP) po Sirdies
operacijy dirbtinés kraujo apytakos salygomis yra po-
lietiologinis klinikinis sindromas, kurio vienas i§ etio-
loginiy veiksniy yra dirbtiné kraujo apytaka (DKA).
Susidaro praskiedimo anemija, kuri kardiovaskuliniy
operacijy metu yra naudinga, nes mazina trombozés
rizika, ta¢iau mazéja deguonies pernasa j audinius ir
tai nulemia Gmius audiniy bei organy pazeidimus.

Sio tyrimo tikslas - issiaiskinti perioperacinés anemi-

jos jtakg UIP i$sivystymui atliekant $irdies operacijas
DKA salygomis.

Medziaga ir metodika. | prospektyvinj tyrima buvo
jtraukti 58 pacientai, neturintys sisteminiy autoimuni-
niy bei inksty ligy ir kuriems planine tvarka buvo atlie-
kamos $irdies operacijos DKA salygomis. Perioperaciné
anemija vertinta atsizvelgiant j hematokrito reik§mes
pries$ operacija, operacijos metu ir po operacijos. Inksty
pazeidimas vertintas pagal biomarkerio NGAL koncen-
tracijg kraujo plazmoje, kuri buvo tirta prie§ operacija,
po operacijos praéjus 2 val., 6 val. ir vienai parai.

Rezultatai. Tyrime nustatyta 77,59 % praskiedimo
anemija. Serumo NGAL koncentracijos vidurkis prie§
operacijg buvo 63,95 + 33,25 ng/mL. NGAL koncentra-
cijos vidurkis po operacijos praéjus 2 val., 6 val. ir vie-
nai parai statistiSkai reikSmingai didéjo (atitinkamai
148,51 + 62,39, 119,44 = 55, 128,70 + 59,04 ng/mlL,
p < 0,05). UIP pasireiské 46,55 % pacienty. Tarp periope-
racinés anemijos ir UIP pasireiskimo nustatyta statistiskai
reik§minga teigiama koreliacija (r = 0,50, p < 0,05).

I$vados. Atliekant $irdies operacijas DKA salygo-
mis perioperaciné anemija vidutiniskai koreliuoja su
pooperaciniu UIP. Ilgesné DKA trukmé bei aortos uz-
spaudimo laikas buvo nustatyti kaip pooperacinio UIP
i$sivystymo rizikos veiksniai.

Raktazodziai: iminis inksty pazeidimas, dirbtiné
kraujo apytaka, praskiedimo anemija, NGAL



