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Abstract

Background: Cardiopulmonary bypass is known to raise the risk of acute kidney

injury (AKI). Previous studies have identified numerous risk factors of cardio-

pulmonary bypass including the possible impact of perioperative ultrafiltration.

However, the association between ultrafiltration (UF) and AKI remains conflicting.

Thus, we conducted a meta‐analysis to further examine the relationship between UF

and AKI.

Hypothesis: Ultrafiltration during cardiac surgery increases the risk of developping

Acute kidney Injury.

Methods: We searched PubMed, Web of Science, EBSCO, and SCOPUS through

July 2021. The RevMan (version 5.4) software was used to calculate the pooled risk

ratios (RRs) and mean differences along with their associated confidence intervals

(95% CI).

Results: We identified 12 studies with a total of 8005 patients. There was no sta-

tistically significant difference in the incidence of AKI between the group who un-

derwent UF and the control group who did not (RR = 0.90, 95% CI = 0.64−1).

Subgroup analysis on patients with previous renal insufficiency also yielded non-

significant difference (RR = 0.84, 95% CI = 0.53 −1.33, p = .47). Subgroup analysis

based on volume of ultrafiltrate removed (> or <2900ml) was not significant and did

not increase the AKI risk as predicted (RR = 0.82, 95% CI = 0.63 −1.07, p = .15). We

also did subgroup analysis according to the type of UF and again no significant

difference in AKI incidence between UF groups and controls was observed in either

the conventional ultrafiltration (CUF), modified ultrafiltration (MUF), zero‐balanced

ultrafiltration (ZBUF), or combined MUF and CUF subgroups.

Conclusion: UF in cardiac surgery is not associated with increased AKI incidence and

may be safely used even in baseline chronic injury patients.

K E YWORD S

acute kidney injury, cardiac surgery, cardiopulmonary bypass, fluid management, ultrafiltration

Clinical Cardiology. 2021;44:1700–1708.1700 | wileyonlinelibrary.com/journal/clc

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2021 The Authors. Clinical Cardiology published by Wiley Periodicals LLC.

http://orcid.org/0000-0002-8961-218X
mailto:jaffer.shah@kateb.edu.af


1 | INTRODUCTION

Cardiopulmonary bypass (CPB)‐associated AKI occurs in 18.2% of

adult patients who undergo CPB and is associated with a twofold

increase in early mortality.1 Risks for CPB‐associated AKI have been

classified as patient‐related and procedure‐related factors.2

Procedure‐related factors include systemic inflammatory

response, anemia, oxygen delivery, coagulopathy subsequent to

foreign surface exposure, and hemodilution associated with the

use of a priming solution leading to renal vasoconstriction, and im-

paired oxygenation including the typically nonpulsatile flow used

in CPB.

Ultrafiltration (UF) is a technique commonly used during CPB for

volume management and/or filtration of blood to reduce deleterious

components.3 An ultrafilter can be incorporated into a CPB circuit

and plasma water, and its soluble components are removed as blood

passes through the ultrafilter fibers. Common UF techniques include

modified ultrafiltration (MUF), conventional ultrafiltration (CUF), and

zero‐balanced ultrafiltration (ZBUF). All of these techniques share a

common goal: blood concentration, filtration, and the balancing of

shifts in the electrolyte plasma concentration as potassium overload,

thus protecting the kidney and avoiding homologous blood

transfusions.4,5

Some studies suggest that the use of UF during CPB to remove

excessive fluid is not renal protective and may even lead to kidney

damage if the fluid removed is more than what is needed.3 Fur-

thermore, recent reviews warn that we should limit UF in patients

with reduced kidney function to prevent AKI.4

Some studies have set a limit to the volume of ultrafiltrate re-

moved above which AKI can occur to 2900ml (knowing that 2200ml

is equivalent = 32ml/kg in an average 70 kg adult).5 The aim of our

present study is to investigate if ultrafiltration is associated with an

increased risk of AKI and the safety of its use in patients with pre-

vious kidney problems. The present study will also examine if the

removal of an ultrafiltrate volume above the 2900ml suggested limit

is associated with an increased risk of AKI.

2 | METHODS

2.1 | Search and identification of studies

A comprehensive literature search was carried out on the following

databases: PUBMED, WOS, EBSCO, and SCOPUS in July 2021.

Search terms used were (hemofiltration OR ultrafiltration OR MUF

OR N‐MUF OR fluid management OR CUF) AND (CBP OR CABG OR

cardiac surgery) AND (AKI OR ARF OR kidney failure OR clinical

outcomes).

2.2 | Selection process and inclusion criteria

Yielded results from databases were imported into Covidence.5

From the searches, we reviewed the title and abstract of each

paper and retrieved potentially relevant references. Following this

initial screening, we obtained the full text of potentially relevant

studies and did the full‐text screening for the papers using pre-

determined inclusion criteria, which are any trial or observational

study on patients who underwent any type of filtration procedure

during cardiac surgery. We excluded case reports and non‐English

articles.

2.3 | Data extraction

Details about the occurrence of AKI in the study groups along with

the volume of filtrate removed and type of ultrafiltration used were

extracted for subsequent analysis. In addition to study design, par-

ticipant characteristics and study setting were also extracted to be

presented in tables.

2.4 | Statistical analysis

A meta‐analysis was carried out comparing the occurrence of AKI in

patients who underwent cardiac surgery and received ultrafiltration

and controls who did not receive ultrafiltration.

RevMan 5.4 was used to calculate the pooled risk ratios (RRs)

along with their confidence intervals (CI). We used random‐effects

model when we observed significant heterogeneity, and when het-

erogeneity was not solved by random effects, we did the leave one

out test. Our analysis was reviewed following the PRISMA Statement

checklist to ensure its high quality.

3 | RESULTS

3.1 | Study inclusion

After a complete search of the literature, 1569 publications re-

sulted and became 1437 after the removal of duplicates. Of

these, 51 were eligible for full‐text screening after performing

title and abstract screening and excluding 1386 papers that

were irrelevant to our investigation. After the full‐text screening,

12 studies were eligible for inclusion in the meta‐analysis, as

shown in the Prisma flow chart in (Figure 1). The included

12 studies contained data about the incidence of acute kidney

injury (AKI) in patients undergoing ultrafiltration and control

patients with no ultrafiltration. The summary of the included

studies is shown in Table 1.

The total number of patients included in the meta‐analysis in

the ultrafiltration group is 2165 patients (mean age: 62.8) and the

total number of patients in the control group is 5840 patients

(mean age: 61.7). The total number of patients who developed

AKI in the ultrafiltration group is 1779 and the total number

of patients who developed AKI in the control group is 1338.
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The pooled analysis between both groups was (RR = 0.90, 95%

CI = 0.64–1.27, p = .55). We observed no publication bias among

the included studies, as shown in a figure in the supplemental

information. We observed heterogeneity among the included

studies that were not solved by random effects (p = .02), as shown

in Figure 2A, so we did omit one study15 from analysis and the

heterogeneity solved and p value of heterogeneity became .21

and the pooled analysis became (RR = 0.79, 95% CI = 0.52–1.20

p = .28) as shown in Figure 2B. We performed subgroup analysis

based on three factors (type of technique used, quantity of vo-

lume removed, and history of kidney insufficiency). Type of the

technique used included: MUF, CUF, combined CUF and MUF,

and ZBUF subgroups. The pooled analyses between the ultra-

filtration group and the control group in MUF, CUF, combined

MUF and CUF and showed no significant difference in AKI in-

cidence, as shown in Figure 3A. Quantity of volume removed was

divided into two subgroups (less than 2900 ml and more than

2900 ml). The pooled analyses between ultrafiltration group and

control group in volume <2900 ml and volume >2900 ml sub-

groups were (RR = 1.12, 95% CI = 0.78–1.61, p = .54) and (RR =

0.82, 95% CI = 0.63–1.07, p = .15), respectively, as shown in

Figure 3B. The history of kidney insufficiency was divided into

two subgroups (history of kidney insufficiency and no history of

kidney insufficiency). The pooled analyses between the UF group

and control group in history of kidney insufficiency and no history

of kidney insufficiency subgroups were (RR = 0.84, 95%

CI = 0.53–1.33, p = .47) and (RR = 0.99, 95% CI = 0.54–1.80,

p = .97), respectively, as shown in Figure 4. After doing sub-

group analysis, we observed no heterogeneity in each subgroup

except in two subgroups only (CUF and history of kidney in-

sufficiency) out of the eight subgroups.

4 | DISCUSSION

Our analysis found no significant difference in AKI incidence between

patients undergoing cardiac surgery having undergone UF and those

who have not (RR = 0.90, 95% CI = 0.64–1.27, p = .55). We also found

no increase in AKI incidence in studies that removed an ultrafiltrate

volume above what was set to be a critical value of 2900ml (RR =

0.82, 95% CI = 0.63–1.07, p = .15).

We did also subgroup analysis according to the type of ul-

trafiltration procedure performed and again no significant dif-

ference in AKI incidence between ultrafiltration groups and

controls was observed in either the MUF, CUF, ZBUF, and com-

bined CUF and MUF.

Our results (RR = 0.84, 95% CI = 0.53–1.33, p = .47) contra-

dict some studies that claim the UF increase AKI risk in patients

with previous kidney disease like Paugh15 in which the rate of AKI

was higher in the filtration group and another study Musleh13

where there is observed a higher number of AKI in the filter

group. It is important to mention that even in these two studies

although there is an observed increase in AKI incidence, patients

have similar rates of death, postoperative length of stay, and

readmissions compared to the group who did not undergo ultra-

filtration, so this claimed dysfunction does not really affect the

clinical outcome and patients did not require either dialysis or

support to treat their AKI.

F IGURE 1 PRISMA flow chart
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Moreover, a study conducted in Turkey demonstrated no

difference between two groups with and without filtration re-

garding postoperative serum creatinine, which agrees with our

findings. Furthermore, serum creatinine even decreased in the

filter group.18

In patients with kidney insufficiency, special precautions need to

be taken in the preoperative period to correct some problems that

may affect the surgery's outcome and increase AKI's risk independent

of the UF, such as hyperkalemia. Thus, a possible explanation for the

increase in AKI observed in some studies cited here may be due to

the neglect of these precautions.

An important point to consider is the amount and type of CPB

circuit priming solution used. Regarding the type, isotonic saline can

cause renal vasoconstriction and worsened renal function meanwhile

balanced crystalloid solutions are better choices due to their abilities

to achieve physiologic electrolyte concentrations and reduce renal

complications.

Concerning the priming solution amount, a reduction in its vo-

lume may be translated into fewer transfusions where more homo-

logous transfusions raise the risk of AKI.5

4.1 | Implication for future practice

A feasible and easy way could be used for early detection of the slightest

kidney injury using urinary biomarkers, such as IGFBP7 and TIMP2, in-

volved in G1 cell cycle arrest, urinary PO2, or NGAL.19,20 Also, the use of

preoperative plasma GDF‐15 independently predicts postoperative AKI in

patients undergoing elective cardiac surgery and is particularly helpful for

risk stratification in patients even with normal creatinine.21

Also, cystatin C, a biomarker commonly used in practice could

also predict postsurgery AKI (https://www.ahajournals.org/

doi/abs/10.1161/circ.136.suppl_1.21142; https://app.covidence.

org/reviews/161933).2,21–25

F IGURE 2 Forest plot of UF and AKI for all studies and with one study excluded. (A) Forest plot of UF and AKI for all studies. (B) Forest plot
of UF and AKI with one study omitted. AKI, acute kidney injury; UF, ultrafiltration
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F IGURE 3 Forest plot of UF and AKI subgroup analysis according to technique and quantity of volume removed. (A) UF and AKI according to
technique (B) UF and AKI according to volume removed. AKI, acute kidney injury; UF, ultrafiltration
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4.2 | Limitations of our study

Several studies we included in our analysis had not mentioned

the weight indexed volume of filtrate removed so we had to

run the analysis based on the total volume of filtrate removed

instead.

5 | CONCLUSION

UF in cardiac surgery is safe and does not increase the risk of AKI,

even in patients with previous kidney problems. Also, the removal of

a volume of filtrate above 2900ml during the procedure was not

shown to negatively affect outcomes.
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