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ABSTRACT  

Background: Cardiac surgery-associated acute kidney injury (CSA-AKI) is a frequent happening affecting nearly 

40% of the cases undergoing cardiac surgery. This is associated with increased hospital length of stay and mortality. 

Objective: The aim of our study was to investigate the relationship impact of modified ultrafiltration on cardiac 

surgery-associated acute kidney injury (CSA-AKI). 

Patients and Methods: This prospective observational study was conducted over a 6-month period (February to 

July 2017) at Cardiothoracic Surgery Unit, Kasr AL-Ainy Hospitals. The study included 40 patients undergoing 

routine valve replacement surgery using cardiopulmonary bypass. 

Results: There was no significant difference (P > 0.05) between AKI and non-AKI patients in pre-operative levels 

while the postoperative serum creatinine levels were significantly higher (P < 0.04) in AKI than non-AKI patients 

in the modified ultrafiltration (MUF) group. The pre-operative and 2h post-operative S. NGAL was significantly 

higher in AKI than non-AKI patients in the MUF group were. Duration of CPB was significantly (P < 0.001) 

prolonged in the AKI than the non-AKI patients. While, there was no significant difference regarding aortic cross-

clamp time. There was a significant longer ICU stay and duration of mechanical ventilation in AKI than non-AKI 

patients. 

Conclusion: Modified ultrafiltration after cardiac surgery is associated with a lower prevalence of morbidity and 

mortality. Serum Neutrophil Gelatinase-Associated Lipocalin (NGAL) can be used as an early plasma biomarker 

predictor for AKI in patients undergoing heart surgery. 

Keywords: Modified ultrafiltration, Acute kidney injury biomarkers, Valvular heart surgery. 

 

INTRODUCTION 
Cardiac surgery-associated acute kidney 

injury (CSA-AKI) is a common and serious 

postoperative complication of cardiac surgery that 

employs cardiopulmonary bypass (CPB), and it is the 

second most common cause of AKI in the intensive 

care unit (ICU) (1). CSA-AKI is characterized by an 

abrupt deterioration in kidney function following 

cardiac surgery as evidenced by a reduction in the 

glomerular filtration rate. Importantly, this 

deterioration may not be detected in the first 24–48 h 

using conventional monitoring by serum creatinine 

(s.cr) levels because of the dilutional effects of the 

CPB pump prime (2). 

CSA-AKI is caused by a variety of factors, 

including exogenous and endogenous toxins, 

metabolic abnormalities, ischemia and reperfusion 

injury, neurohormones activation, inflammation and 

oxidative stress (2). Postoperative kidney function 

deterioration has been shown to be an important 

predictor of morbidity and mortality (3).  

Modified ultrafiltration has been explored as 

a potential intervention to mitigate AKI risk in cardiac 

surgery (4). Conversely, modified ultrafiltration may 

have an adverse consequence on kidney injury, 

mechanistically related to fluid shift imbalances and 

renal hypoperfusion. A few relatively small studies 

have explored the short-term risks associated with  

 

modified ultrafiltration, and have assessed kidney 

injury in a number of ways, including renal 

insufficiency, creatinine clearance (CrCl), and 

elevated postoperative creatinine (5).  

Modified ultrafiltration has been used to treat 

the hemodilutional effects of cardiopulmonary bypass 

circuits. The impact of modified ultrafiltration on risk 

of acute kidney injury (AKI) remains uncertain. 

Failure to perform modified ultrafiltration with 

resultant hemodilution or fluid overload can 

potentially result in kidney injury through tissue 

edema, as the kidneys are encapsulated organs (6). 

Modified ultrafiltration has recently increasingly 

come into favor. The technique entails removal of 

water and low-molecular-weight substances under a 

hydrostatic pressure gradient after separation from 

cardiopulmonary bypass.  

This method has been demonstrated to induce 

hemoconcentration and reduce bleeding and total 

body water accumulation (7).  

Because of the properties of counteracting 

tissue edema and eliminating inflammatory 

mediators, further observations have attributed to 

modified ultrafiltration the ability to improve acute 

kidney injury (AKI) function and to attenuate 

morbidity after cardiac surgery (7, 8).  

 

AIM OF THE WORK 
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The aim of our study was to investigate the 

relationship impact of modified ultrafiltration on 

cardiac surgery-associated acute kidney injury (CSA-

AKI). 

 

PATIENTS AND METHODS 

This prospective observational study was 

conducted over a 6-month period (February to July 

2017) at Cardiothoracic Surgery Unit, Kasr AL-Ainy 

Hospitals. The study included 40 patients undergoing 

routine valve replacement surgery using 

cardiopulmonary bypass. 

 

Inclusion criteria: Adult patients >16 years. Patients 

undergoing open valvular heart surgery using CPB. 

Exclusion criteria: Patients < 16 years. Emergency 

or redo surgery. ASA Class IV patients. Preoperative 

renal dysfunction or chronic renal disease. Poor 

preoperative ventricular function.  

The patients were randomly allocated into two 

groups: 

 Group1: MUF group 

 Group 2: Non-MUF group 

Ethical approval and written informed consent: 

  

An approval of the study was obtained from 

Aswan University Academic Ethical Committee. 
Every patient signed an informed written consent for 

acceptance of the operation. 

 

Anesthesia Technique: 

 Patients scheduled for cardiac surgery are usually 

fully investigated for their cardiac status. However, 

the presence of non-cardiac medical illnesses and 

routine general anesthetic assessment should not be 

overlooked including routine laboratory 

investigation and arrangements of blood products. 

 All patients were premeditated with 5–10 mg oral 

midazolam the night before surgery. 

 After transferring the patient to preoperative 

holding area, arterial line (radial artery) was 

introduced in the patient non-dominant hand after 

reviewing duplex study. 

 Induction was made using propofol (1-2mg\kg), 

atracurium (04mg\kg), fentanyl (50-microgram 

increments). 

 After tracheal intubation the patients were 

mechanically ventilated to give a tidal volume (6-

8ml\kg) 

 Maintenance of anesthesia achieved by isoflurane 

in 60% oxygen and atracurium infusion (0.3 to 

0.6mg/kg/hour).  

 CPB was conducted on all cases using membrane 

oxygenator, non-occlusive roller pumps and 

priming of all cases was done with crystalloids. 

Myocardial protection was achieved using a 

cardioplegia solution in a dose of 20 ml/kg and 

modified ultrafiltration was performed after getting 

off bypass for about15-20 minutes. Patients were 

transferred to the ICU intubated. 

 

 Technique of modified ultrafiltration:  

In this method, the arterial line is connected 

to the inlet of the ultrafilter and the venous line is 

connected to the outlet of the ultrafilter in the CPB 

circuit. The inlet of the filter was clamped throughout 

the CPB. As the patient is separated from the CPB, 

the clamp is removed from the inlet of the filter, 

allowing the blood to flow through the arterial line to 

the filter (10-15 mL/kg/min), and finally from the 

cardioplegic cannula, as a venous line returns to the 

right atrium. 

 

Indicator detection: 

NGAL and S.cr levels were detected using 

ELISA according to the manufacturer's instructions. 

In brief: i) blood stored at -80 ̊C was thawed at room 

temperature (20 ̊C), ii) samples and standards were 

diluted (dilution ratio 1:5) and transferred to the plate, 

iii) samples were incubated in the plate for 30 min at 

37 ̊C and then washed with phosphate-buffered saline 

(PBS) 5 times for 15 sec for each time, iv) enzyme-

conjugated reagent (50 μl) was added and incubated 

at 37 ̊C for 30 min, followed by four 15-sec washes 

and v) color developer A and B were added and the 

samples were incubated at room temperature in the 

dark for 15 min. The termination solution was then 

added, and the OD value at 450 nm was measured 

using a microplate reader within 15 min. These 

readings were used to calculate NGAL and Scr levels. 

 

Statistical analysis 

Date entry and data analysis were done using 

SPSS version 24 (Statistical Package for Social 

Science). Data were presented as number, percentage, 

mean and standard deviation. Chi-square test and 

Fisher Exact test were used to compare between 

qualitative variables. Independent sample t-test was 

used to compare quantitative variables between 

groups. P-value considered statistically significant 

when P ≤ 0.05. 

 

RESULTS 

Regarding demographic and clinical data, there 

were no significant differences (P > 0.05) between the 

studied groups in age, gender, weight, height, BMI, 

type of operation, aortic cross clamp time or 

intraoperative UOP. While, there was a significant 

increase (P < 0.05) in duration of CPB in the MUF 

group compared to non-MUF group as shown in table 

(1). 
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Table (1): Demographic and clinical data of the studied groups 

Item 
G1” Non-MUF” 

(n= 20) 

G2”MUF” 

(n= 20) 
P-value 

1-Age “years” 

Mean ± SD 

Range 

2-gender: 

 Male 

 Female 

3-Weight “kg” 

Mean ± SD 

Range 

4-Height “cm” 

Mean ± SD 

Range 

5-BMI “kg/m2” 

Mean ± SD 

Range 

6-Type of operation: 

 MR 

 AR 

 MR AR 

7- Duration of CPB” min” 

Mean ± SD 

Range 

8-Aortic cross clamp time ”min” 
Mean ± SD 

Range 

9-Intraoperative UOP 

Mean ± SD 

Range 

 

33.00 ± 7.32 

(22.0-49.0) 

 

5(25.0%) 

15(75.0%) 

 

72.95 ± 6.41 

(64.0-89.0) 

 

168.60 ± 5.19 

(160.0-178.0) 

 

25.64 ± 1.64 

(22.41-28.73) 

 

17(85.0%) 

1(5.0%) 

2(10.0%) 

 

82.25 ± 16.02 

(67.0-98.0) 

 

 

45.10 ± 8.54 

(38.0-66.0) 

 

2.45 ± 0.87 

(1.0-4.0) 

 

30.80 ± 6.69 

(22.0-46.0) 

 

5(25.0%) 

15(75.0%) 

 

70.30 ± 8.02 

(58.0-88.0) 

 

166.0 ± 5,82 

(156.0-179.0) 

 

25.19 ± 1.87 

(22.41-28.26) 

 

15(75.0%) 

5(25.0%) 

0.0 

 

93.35 ± 6.92 

(69.0-128.0) 

 

 

44.90 ± 6.11 

(36.0-56.0) 

 

2.80 ± 0.63 

(1.0-4.0) 

 

P=0.323n.s 

 

 

P=0.642n.s 

 

 

P=0.256n.s 

 

 

P=0.322n.s 

 

 

P=0.424n.s 

 

 

P=0.092n.s 

 

 

 

P<0.02* 

 

 

 

P=0.0933n.s 

 

 

P=0.276n.s 

Abbreviations: Group1: without modified ultra-filtration; Group2: with modified ultrafiltration. BMI: body mass index, 

MR: Mitral valve replacement, AR: Aortic valve replacement, CPB: Cardiopulmonary bypass, UOP: Urine output. P 

value is considered significant at ≤ 0.05 

 

Effect of modified ultrafiltration on acute 

kidney injury biomarkers and clinical outcome 

According to KIDGO (Kidney Disease 

Improving Global Outcome) classification, 

patients in the MUF group were classified into AKI 

& non-AKI subgroups. Peri-operative AKI was 

graded using the KDIGO criteria as follows: grade 

1: post-op serum creatinine 1.5–1.9 times baseline 

or an increase in serum creatinine ≥ 26.5 μmol/L, 

grade 2: postop serum creatinine 2.0–2.9 times 

baseline and grade 3: post-op serum creatinine 3 

times baseline or increase in serum creatinine to 

≥353.6 μmol/L or initiation of renal replacement 

therapy (9). 

1- Regarding S. creatinine in the MUF group  

There was no significant difference (P > 0.05) 

between AKI and non-AKI patients in pre-

operative levels while the postoperative S. 

creatinine levels were significantly higher (P < 

0.04) in AKI than in non-AKI patients in the MUF 

group (Table 2). 

 

Table (2): S. creatinine in the MUF group 

Item AKI 

(n= 4) 

Non AKI 

(n= 16) 
P-value 

1- Pre op. S. 

creatinine  

2- 2h Post op. 

S. creatinine 
(μmol/L) 

0.95±0.05 

1.47±0.35 

1.05±0.16 

1.16±0.11 

P=0.386n.s 

P<0.04* 

Abbreviations; AKI: Acute Kidney Injury; P value 

is considered significant at <0.05 

2- Regarding S. NGAL in the MUF group.  

The pre-operative and 2h post-operative S. NGAL 

was significantly higher in AKI than in non-AKI 

patients in the MUF group (Table 3). 
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Table (3): NGAL the MUF group 

Item AKI 

(n= 4) 

Non AKI 

(n= 16) 
P-value 

1-pre op. serum NGAL 

(ng/ml) Mean ± SD 

2-2h.Post op. serum NGAL 

(ng/ml) 

Mean ± SD 

65.00 ± 24.74 

 

 

208.75 ± 80.28 

 

39.75 ± 2.14 

 

 

77.25 ± 21.94 

 

P < 0.001 

 

 

P < 0.0001 

 

Abbreviations; AKI: Acute Kidney Injury; NGAL: Serum Neutrophil Gelatinase-Associated Lipocalin; P 

value is considered significant at <0.05 

 

3- Duration of CPB and Aortic cross clamp time of the MUF group.  

Duration of CPB was significantly prolonged (P < 0.001) in the AKI than the in non-AKI patients. While, there 

was no significant difference regarding aortic cross-clamp time (Table 4). 

 

Table (4): Duration of CPB and Aortic cross clamp time of the MUF group 

Item AKI 

(n= 4) 

Non AKI 

(n= 16) 
P-value 

1-Duration of CPB” min” 

2-Aortic cross-clamp time ”min” 

94.40 ± 28.53 

50.0 ± 14.23 

78.20 ± 6.75 

43.46 ± 5.46 

P < 0.001** 

P=0.438 

Abbreviations: AKI: Acute Kidney Injury; CBP: Cardiopulmonary bypass output; P value is considered 

significant at <0.05 

 

4-Iintraoperative UOP & blood component requirements in the MUF group There was a significant 

higher fresh blood, packed RBCs unit requirements in the AKI patients and a significant decreased 

intraoperative UOP in the same patients (Table 5). 

 

 Table (5): Intraoperative blood component requirements and intraoperative UOP in the MUF group 

Item AKI 

(n= 4) 

Non AKI 

(n= 16) 
P-value 

1-Fresh blood units 

intraoperative 

2-Packed RBCs units 

3-Intraoperative UOP 

(ml/kg/hour) 

1.25 ± 0.47 

 

2.00 ± 0.81 

2.25 ± 0.47 

0.62 ± 0.20 

 

0.62 ± 0.23 

2.93 ± 0.11 

P < 0.02* 

 

P < 0.02* 

P < 0.03* 

Abbreviations: AKI: Acute Kidney Injury; RBCs: Red Blood Cells; UOP: Urine output; P value is considered 

significant at <0.05 

 

5-Postoperative ICU stay & Mechanical Ventilation in the MUF group 

There was a significant longer ICU stay and duration of mechanical ventilation in AKI than in non-AKI 

patients (Table 6). 

 

Table (6): postoperative ICU stay & Mechanical Ventilation in the MUF group 

Item AKI 

(n= 4) 

Non AKI 

(n= 16) 
P-value 

1-ICU stay ”days” 

2-Duration of Mechanical  

Ventilation ”hours” 

3.00 ± 1.41 

4.50 ±1.25 

1.43 ± 0.20 

2.56 ± 0.28 

P<0.04* 

P<0.03* 

Abbreviations: AKI: Acute Kidney Injury; ICU: Intensive Care Unit; P value is considered significant at <0.05 

 

Correlation between 2h postoperative S. NGAL as an AKI Biomarkers with other variables in MUF 

group:  

2h post-operative s. NGAL had positive correlation with each of 2h post-operative S. creatinine, packed RBCs, 

ICU stay and duration of mechanical ventilation, while had negative correlation with intraoperative UOP as 

shown in table (7). 
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Table (7): Correlation between NGAL & other variable in MUF group  

 NGAL post-operative 

NGAL pre-operative 
r  

p  

NGAL post-operative 
r 1 

p  

Serum creatinine pre-operative 
r -.085 

p .722 

Serum creatinine post-operative 
r .890 

p .000 

Duration of CPB min 
r .200 

p .398 

Aortic cross clamp time min 
r .342 

p .140 

Fresh blood units intraoperatively 
r -.002 

p .994 

Packed RBCs units 
r .609 

p .004 

Intraoperative UOP 
r -.768 

p .000 

ICU stay (days) 
r .884 

p .000 

Mechanical ventilation (hours) 
r .807 

p .000 

 

DISCUSSION 

Cardiac surgery has long been used to 

study AKI because of the opportunity to 

prospectively follow patients before and after a 

well-timed ischemic renal insult (cardiopulmonary 

bypass). For this reason, several blood and urinary 

proteins have been investigated in this setting and 

found to serve as biomarkers of AKI after cardiac 

surgery, including neutrophil gelatinase-associated 

lipocalin (NGAL), IL-18, cystatin C (Cys C), 

kidney injury molecule-1 (KIM-1) and liver fatty 

acid binding protein (10).  

Our study found the pre-operative, 2h post-

operative S. NGAL and the postoperative S. 

creatinine were significantly higher in AKI than in 

non-AKI patients in the MUF group. This agrees 

with Vives and his colleagues (11) who reported 

that Patients with an early higher urinary and 

plasma NGAL levels are most likely to be 

diagnosed as AKI. NGAL has been demonstrated 

to be a highly sensitive and specific predictor of 

CSA-AKI. Urinary NGAL was demonstrated as an 

early biomarker of AKI after CPB, increasing 25-

fold within 2 h and declining 6 h after surgery. This 

promoted the use of urine NGAL as an indicator to 

forecast subclinical CSA-AKI (12).  McIlroy and 

his colleagues (12) in a multicenter-pooled analysis 

of prospective studies showed that in the absence 

of diagnostic increases in S. creatinine, NGAL 

detected patients with likely subclinical AKI who 

have an increased risk of adverse outcomes. 

Therefore, NGAL levels may detect AKI 24–72 hrs 

earlier than S. creatinine and has a prognostic 

impact. Additionally, data from a meta-analysis on 

2,322 patients suffering from AKI related to 

cardiac disease, suggested that patients with higher 

NGAL are most likely to develop adverse 

outcomes, even when S. creatinine is normal. 

Hence, it is suggested that subclinical AKI may be 

diagnosed by this biomarker (13). Fadel et al. (14) 

reported that mean plasma NGAL levels showed 

highly significant elevations at 2, 12, and 24 h after 

surgery (p < 0.0001) in patients who developed 

AKI compared to patients who did not and 

significant correlations (p < 0.0001) were found 

between plasma NGAL and AKI at 2, 12 and 24 h 

after surgery. A cut-off level of 100 ng/ml at 2 h, 

and 125 ng/ml at 12 h post-operatively both 

recorded the highest accuracy, being 95% accurate, 

with sensitivity of 100% and 89.5% respectively, 

and specificity of 90.5% and 100% respectively. 

Vanmassenhove et al. (15) in a recent meta-analysis 

that included 74 studies, identified NGAL as the 

biomarker with best discriminative performance 

for early diagnosis of cardiac surgery associated 

AKI and for outcome prediction. 

In our results, there was a significant 

decreased intraoperative urine output in the AKI 

patients compared to non-AKI patients, which 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Fadel%20FI%5BAuthor%5D&cauthor=true&cauthor_uid=22661997
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disagrees with Karim and his colleagues (16) who 

reported in their study that the mean intraoperative 

urine output was not different in CSA-AKI-

positive and -negative cases. This might be 

attributed to using a different perfusionist 

protocols.  

In the our study, the 2h post-operative s. 

NGAL had positive correlation with each of 2h 

post-operative S. creatinine, packed RBCs, ICU 

stay and duration of mechanical ventilation, while 

had negative correlation with intraoperative UOP. 

This agrees with Koyner and Parikh (17) who 

reported elevated urine and plasma NGAL levels 

that were all separately associated with longer 

length of hospital stay, longer ICU stay and higher 

risk for dialysis or death.  

Regarding demographic and baseline 

hemodynamic data, the results showed no 

significant difference between the two study 

groups. Moreover, our results revealed a 

significant difference (P < 0.05) between “MUF” 

and non-“MUF” group regarding used units of 

packed RBCs with lower requirement in “MUF” 

group than in non-“MUF” group. This agrees with 

Ziyaeifard et al. (18) who reported that MUF 

improved the hemostasis in the post-CPB period 

with useful effects on the blood loss, chest tube 

drainage, and blood transfusion requirements after 

the surgery. These results also are comparable to 

Kamada et al. (19) who reported in their study that 

the need for blood products including red blood 

cells, fresh frozen plasma, cryoprecipitates and 

platelets were considerably lesser in MUF patients 

compared to the control group of patients.  

Our study found no significant difference 

between the MUF and non-MUF groups in each of 

ICU stay & duration of mechanical ventilation. 

However, there was a significant longer ICU stay 

and duration of mechanical ventilation in AKI 

patients compared to non-AKI patients in the MUF 

group. This agrees with Parolari et al. (20) who 

reported that AKI patients had longer hospital and 

ICU stays.  

Additionally, results of different studies 

demonstrated that the use of MUF in the post-CPB 

period in pediatrics patients can improve the 

pulmonary compliance and gas exchange, which 

may successfully reduce the pulmonary 

dysfunction after the pediatric cardiac surgery. 

MUF may lead to decreased period of tracheal in-

tubation and mechanical ventilation, ICU stay and 

total hospitalization after the surgery (18). 

Our study found that duration of CPB is 

significantly prolonged in the AKI than in the non-

AKI patients, while there was no significant 

difference regarding aortic cross-clamp time, 

which does not cope with Karim et al. (16) who 

found that CSA-AKI increases with increasing 

both CPB and cross clamp time. That could be 

explained that in our research, we studied specific 

type of cardiac surgery with average ischemic time 

in contrast to wide varieties with largely variable 

ischemic times. 

 

CONCLUSION 

1. AKI to be a common and important 

complication of cardiac surgery and is 

associated with increased mortality, 

complications and length of hospital stay.  

2. Modified ultrafiltration after cardiac surgery is 

associated with a lower prevalence of 

morbidity and mortality. 

3. S. NGAL can be used as an early plasma 

biomarker predictor for AKI in patients 

undergoing heart surgery. 
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