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ABSTRACT
Background and aim: Acute kidney injury (AKI) after cardiac surgery occurs in approximately 1/3rd of 
the cases that require cardiopulmonary bypass (CPB) and is associated with worsened short and long 
term consequences. Preoperative anemia and perioperative packed cell transfusion are two important 
modifiable risk factors for AKI and elucidating their relationship may help in devising preventive strategies. 
The present study aimed to study the relationship between preoperative anemia and perioperative 
packed red blood cell transfusion with development of postoperative acute kidney injury in patients who 
underwent cardiac surgeries under CPB. 

Methodology: The present prospective cohort study was conducted after ethical committee approval 
and informed consent from 60 eligible anemic and non-anemic patients (30 each). They were further sub 
grouped based on the number of packed red cell (PRC) units transfused. Occurrence and frequency of 
AKI was determined from the estimated glomerular filtration rate as per RIFLE criteria. The data collected 
were analysed using INSTAT software for statistical significance. 

Results: Demographic parameters, type of surgery, preoperative and intraoperative parameters were 
comparable in both the groups (p > 0.05). Preoperative hemoglobin level during CPB were significantly 
different in the anemic and non-anemic groups (p < 0.001).  50% of anemic patient suffered AKI as 
compared to 16.67% of the non-anemic patients, with a RR of 3.0 and p 0.01. RIFLE-injury was found in 
23.33% of the anemic group as compared to 10% in the non-anemic group with a RR 2.33, p > 0.05. AKI 
was higher in patients who received 3 units of PRC as compared to lesser units of transfusion with a RR 
of 2.66 and p 0.01.

Conclusion: Both anemia and increased red cell transfusion during cardiac surgeries with cardiopulmonary 
bypass appear to be risk factors for acute kidney injury. 
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INTRODUCTION
Acute kidney injury (AKI) after cardiac surgery 
under cardiopulmonary bypass (CPB) is a common 
postoperative complication and a major and 
serious health issue. It is characterized by an abrupt 

deterioration in kidney function as evidenced by a 
reduction in the glomerular filtration rate. Because 
of the dilutional effects of the CPB pump priming, 
this deterioration may not be detected in the first 1 
to 2 days using conventional monitoring by serum 

mailto:drmdyunus@hotmail.com


ANAESTH, PAIN & INTENSIVE CARE; VOL 20(SUPPLEMENT) OCTOBER 2016 S43

original  article

creatinine levels.1 Approximately 24 - 30% of the 
cases undergoing cardiac surgery develop AKI of 
a variable severity, and about 1% of these may be 
so severe enough to require hemodialysis with 
short and long term consequences and increased 
mortality.2,3 The incidence of AKI may also vary 
based on the definition used to define it. An 
incidence as high as 39% has been found in a study 
done by Brown et al as defined by Acute Kidney 
Injury Network definition.4

There are non-modifiable as well as modifiable 
risk factors for AKI in patients undergoing cardiac 
surgery with CPB.5-8 Modifiable risk factors are total 
duration of bypass, non-pulsatile flow, ischemia 
time (aortic cross-clamping time), hemodilution 
during bypass, non-maintenance of mean arterial 
pressure (MAP) > 55 to 60 mmHg, blood transfusion 
during CPB, anemia etc.

Anemic patients are likely to get more PRC 
transfusion during perioperative period leading 
to more free iron load and are expected to have 
increased incidence of AKI (both AKI risk and 
injury).  The current study was devised to evaluate 
the relationship between preoperative anemia and 
intraoperative and immediate postoperative PRC 
transfusion in patients undergoing cardiac surgeries 
under CPB with occurrences of postoperative AKI 
(both RIFLE – Risk & RIFLE-Injury) as defined by 
Acute Dialysis and Qualitative Initiative (ADQI).9 

METHODOLOGY
This prospective observational cohort study was 
conducted after ethical committee approval and 
informed consent from the eligible patient or the 
patient’s legal guardians during the year 2012-14. 
Patients were divided into anemic and non-anemic 
groups depending on preoperative hemoglobin 
(Hb) level. Preoperative Hb concentration of less 
than 12.5 g/dL (which is the average threshold of 
the World Health Organization’s sex-based anemia 
definition of 12.0 g/dL in women and 13.0 g/dL in 
men) were considered as anemic in the present 
study.10 Sixty patients aged between 15 to 60 years 
of both sexes undergoing elective cardiac surgeries 
under CPB were included. The sample size was 
calculated using http://www.openepi.com/Menu/
OE_Menu.htm online for a finite population size 
of 250 with known frequencies of the outcome 
of 33.33% and absolute error of 10%. This gave a 
sample size of 61 for 95% confidence level.  Patients 
who required preoperative blood transfusion due 
to severe anemia having Hb less than 7 gm%, 

preoperative renal failure, having Hb of more than 
16 gm%, who required intraoperative intra-aortic 
balloon counter pulsation, deep hypothermic 
circulatory arrest, more than 3 units of PRC 
transfusion and who died within 3 days of surgery 
were excluded. 

All patients were evaluated in pre-anesthetic clinic 
for anesthetic plan and to keep premedication 
and other preoperative advices homogeneous. 
Perioperative care was given by the same team 
of cardiac surgeon, anesthesiologist, intensivist, 
perfusionist and nursing team. The heart was 
approached by median sternotomy in all patients. 
Invasive arterial blood pressure was monitored 
and blood pressure was targeted within ± 20% 
of baseline pre bypass period and during CPB 50-
60 mmHg of MAP were maintained. During non-
pulsatile CPB, a flow of 2.4 to 3.0 L / min / m2 
body surface was maintained. Blood cardioplegia 
was used in all cases and blood temperature of 
approximately 32º C was maintained during bypass. 
Heparin and protamine were used on body weight 
basis in all patients. Serial arterial blood gas analysis 
showed the hematocrit (Hct). Hct during bypass 
was targeted to minimum of 21% while during 
non-bypass time minimum of 24% intraoperatively. 
Re-warming was done up to 37º C before coming 
out from bypass. Vasoactive drugs, e.g. dopamine 
or dobutamine and/or NTG and occasionally 
adrenaline, were used as needed while coming 
out of bypass and postoperatively to maintain 
minimum of 65-70 mmHg MAP and effective left 
ventricular contraction. Postoperatively patients 
were managed in Intensive Care Unit (ICU). Hct 
was targeted to 30% in postoperative period. 

Both anemic and non-anemic patients were 
further sub grouped based on the number of PRC 
units transfused (zero, one, two or three) during 
intraoperative and postoperative 24 hour. Data 
were collected from the pre-anaesthetic record, 
immediate preoperative, intraoperative and 
postoperative period.

AKI was determined from estimated glomerular 
filtration rate (eGFR) as per risk, injury, failure, 
loss of function, end stage renal disease (RIFLE) 
criteria of ADQI group.9 eGFR was calculated using 
COCKCROFT –GAULT equation.11 Both AKI Risk 
(RIFLE-R) and AKI Injury (RIFLE-I) were evaluated. 
The incidence was calculated mathematically and 
expressed in percentage scale while Fisher’s exact 
test was used for statistical analysis. Quantitative 
data were further analysed by unpaired t test. 
The INSTAT software (Graphpad software, Inc, La 
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Zolla, CA, USA) was used for statistical analysis and 
a p value of < 0.05 was considered as statistically 
significant.

RESULTS
Demographic parameters were comparable in two 
groups, with no statistically significant differences 
(p > 0.05). Out of 60 patients 29 (48.33%) were 
males. Female patients were higher in anemic group 
(66.67%). Preoperative hemodynamics, random 
blood sugar, blood urea and serum creatinine levels 
were also not different statistically. CPB time and 
ischemia times were also comparable in both the 
groups with no statistical significant difference (p 

> 0.05). Intraoperative urine output, postoperative 
use of ionotropes / vasopressor support, duration 
and time till extubation were also comparable 
without statistically significant differences (p > 
0.05). (Table 1) The common surgical procedures 
performed were valve replacements, atrial and 
ventricular septal defect repair and coronary artery 
bypass surgery.

The mean ± SD preoperative Hb level in anemic 
group was 11.19 ± 1.32 gm% as compared to 14.60 
± 1.41 gm% in the non-anemic group and the 
difference was highly significant (p < 0.001). The 
lowest Hct level during CPB in the anemic group 
and non-anemic group were 28.9 ± 7.23 and 34.6 

Table 1: Showing the demographic and different clinical and laboratory parametric data analyzed using unpaired 
t-test

Parameter
Anemic Group

n (%) or mean (SD)
Non-anemic Group
n (%) or mean (SD)

p value 
(two tailed)

Demographic profile
    Male
    Age (years)
    Weight (kg) 
    Height (cm) 
    BSA (m2) 
Preoperative 
    HR (/min)
    SBP (mmHg)
    DBP (mmHg)
    Hb (gm/dl)
    S. Creatinine (mg/dl)
    B. urea (mg/dl)

Intraoperative
   CPB time (min)
   Aortic X-clam (min)
   Urine output (ml)
   Lowest Hct in CPB (%)
Postoperative 
   Ionotropic support (hours)
   Time for extubation (hours)

10 (33.33)
37.7 (12.66)
48.03 (6.52)
158.8 (7.08)
1.56 (0.43)

70.95 (7.69)
113.15 (10.34)
72.30 (7.87)
11.19 (1.32)
1.07 (0.36)

26.03 (11.68)

108.2 (47.06)
82.86 (36.04)

1189.7 (173.93)
28.9 (7.23)

11.13 (10.50)
11.26 (5.93)

19 (63.33)
38.30 (12.9)
50.80 (6.75)
160.70 (8.39)
1.53 (0.12)

79.82 (9.14)
119.12 (12.62)
80.35 (8.62)
14.60 (1.41)
1.12 (0.24)

25.40 (10.65)

112.40 (60.47)
81.73 (48.84)

1246.3 (211.49)
34.6 (5.34)

9.36 (8.03)
12.23 (5.24)

0.038
0.856
0.111
0.347
0.714

0.692
0.549
0.608
0.0001
0.529
0.828

0.764
0.925
0.256
0.001

0.446
0.504

Legend: SD- standard deviation, N- total number, n- number, BSA- body surface area, ASA- American Society of 
Anesthesiologists, HR- heart rate, SBP- systolic blood pressure, DBP- diastolic blood pressure, Hb- hemoglobin, RBS- 
random blood sugar, CPB- cardio pulmonary bypass, X-clam- cross clamp

Table 2: Showing the incidence of AKI in relation to anaemia and analysed results of Fisher’s exact test.

AKI (class) Anemic
n (%)

Non-anemic
n (%) RR 95% CI

p value 
(two tailed)

RIFLE (Risk)

RIFLE (Injury)

15 (50)

7 (23.33)

5 (16.67)

3 (10)

3.00

2.33

1.24 – 7.20

0.66 – 8.18

0.012

0.299

Legend: RR- Relative risk, AKI- Acute Kidney Injury, RIFLE- Risk, Injury, Failure, Loss of function and End stage renal 
disease, CI- confidence interval
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± 5.34 respectively and the statistical difference 
was highly significant (p < 0.001). 25 out of 30 
(83.33%) anemic patients required 49 (59.76%) 
units of PRC transfusion as compared to 20 out of 
30 (66.67%) of non-anemic patients, who required 
33 (41.24%) units of PRCs.

There was a threefold risk (p 0.01) of developing 
AKI (Risk) in anemic patients as compared to non-
anemic patients. However, although the anemic 
patients were found to have more AKI-injury as 
compared to the non-anemic, the difference was 
not statistically significant. (Table 2) Incidence of 
AKI was higher in patients who received 3 units of 
PRCs as compared to no transfusion and less than 3 
units of PRC transfusions (Table 3).

The incidence of AKI also increased along with the 
increase in the number of PRC units transfused 
(Figure 1).

DISCUSSION
AKI in cardiac surgery is a major issue due to 
the fact that with minimal increase in creatinine 

postoperatively can have an impact on 30 days 
mortality,12 while further increase in creatinine 
level has an effect on late mortality of >5 years.12 
In addition, it results in prolonged duration of 
ICU and hospital stay, as well as increased cost of 
treatment.13 Among the modifiable risk factors in 
AKI in cardiac surgery, anemia and perioperative 
PRC transfusions are important.12 The CPB, PRC 
transfusion and anemia14 are independent risk 
factors for AKI and the interplay between them 
substantially increases the risk if all of them are 
present at the same time in a patient all together.

The findings of the present prospective cohort 
study reconfirm the findings of a few retrospective 
studies. In a study by Kulier et al15 involving cardiac 
surgical patients with anemia (Hb < 13 gm%) found 
increased renal complication. De Santo et al16 and 
Karkouti et al17 also found increased incidence 
of acute renal insufficiency in anemic patients 
postoperatively who underwent cardiac surgeries. 

In a retrospective study conducted by Karkouti et 
al18 have shown a statistically significant increase in 
risk of AKI following PRCs transfusion in cardiac 
surgery. They also found that AKI rates increased 
in direct proportion to the amount of erythrocytes 
transfused, and this increase was more pronounced 
in anemic patients. In the present prospective 
cohort study also it was noted that the incidence of 
AKI increases progressively in patients who received 
3 units of PRC as compared to no transfusion or 1 
unit and 2 unit transfusion in both the anemic and 
non-anemic groups, and it was also pronounced in 
anemic group as compared to non-anemic group.

The harmful effects of transfusion of blood 
including those acting on kidneys were reiterated 
by J. Murphy et al19 and Rao et al20 A study by 
Michael Haase et al21 demonstrated that avoiding 

Table 3: Showing the incidence of AKI in relation to number of PRC units transfused and analyzed results of Fisher’s 
exact test

AKI (class)
3 PRC units

n/N (%)
< 3 PRC units

n/N (%)
RR 95% CI

Two tailed p 
value

Anemic (N=30)
   RIFLE (Risk)
   RIFLE (Injury)
Non anemic (N=30)
   RIFLE (Risk)
   RIFLE (Injury)
All (N=60)
   RIFLE (Risk)
   RIFLE (Injury)

6/8 (75)
3/8 (37.5)

2/4 (50)
2/4 (50)

8/12 (66.67)
5/12 (41.67)

9/22 (40.9)
4/22 (18.18)

3/26 (11.53)
1/26 (3.85)

12/48 (25)
5/48 (10.42)

1.83
2.06

4.33
13.0

2.66
4.00

0.96 – 3.48
0.58 – 7.26

1.01 – 18.42
1.5 – 112.4

1.41 – 5.02
1.37 – 11.61

0.214
0.344

0.118
0.039

0.013
0.020

Legend: RR- Relative risk, AKI- Acute Kidney Injury, PRC- Packed Red Blood Cells, RIFLE- Risk, Injury, Failure, Loss of 
function and End stage renal disease, CI- confidence interval, n – number, N- total number

Figure 1: Showing the trend of AKI with regard to the 
number of PRC units transfused in both anemic and non-
anemic group in % scale for each category
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transfusion when hemoglobin > 8 gm% can 
decrease AKI in cardiac surgical conditions. On the 
other hand, anemia in cardiac patients is associated 
with postoperative non-cardiac complications.16 

These leads us to a dicey situation when it comes 
to decision making regarding perioperative PRC 
transfusion and target Hct. However, the present 
study is unable to comment on this and further 
studies with control will be required. 

LIMITATIONS
Although the present study had an advantage of 
being prospective, it also had limitations as it is a 
single center with relatively small sample size and 
power and lacking multivariate analysis. Also, the 
possibility of known and unknown confounders on 
the result could not be ruled out as the participants 
were not randomized. 

CONCLUSION
Both anemia and packed red cell transfusion 
during cardiac surgeries with cardiopulmonary 

bypass appear as risks for acute kidney injury, 
the incidence of AKI (RIFLE-R) being significantly 
higher. The incidence of acute kidney injury 
increases with increasing number of packed red 
cell units transfused both in anemic and non-
anemic patients, but is more pronounced in anemic 
group. However, for the formulation of a plan on 
preoperative treatment of anemia to reduce acute 
kidney injury will require large prospective study 
with controls. 
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