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Abstract
Background: Heart surgery (HS) complications such as renal dam-
age (RD), which is a frequent and major consequence, are linked to 
higher mortality and morbidity rates as well as a significant financial 
burden. Several different pathophysiological ideas might explain the 
multifaceted complexity of the HS-RD pathogenesis.
Aim: The purpose of this research is to identify RD after HS and 
to evaluate the results of diagnostic criteria, pathogenesis, and 
preventative measures.
Methods: This retrospective analysis of HS patients examined the 
occurrence and impact of several definitions of RD, Renal Damage 
Network (RDN), and Kidney Disease: Improving Global Outcomes 
(KDIGO) or risk, injury, failure, loss, and end-stage kidney disease 
(RIFLE). We also defined transient RD and sustained RD.
Results: RIFLE-Risk had the greatest positive probability ratio 
of every definition, continued with sustained RD (positive likeli-
hood ratio = 2.27) for the best definition. 39 patients with KDI-
GO RD and all 80 patients having late RD were excluded from 
the RD defined by RDN criteria.
Conclusion: The pathogenesis, definition, diagnosis, and pre-
ventative measures of RD in HS patients are discussed in this 
article. Based on the capacity to forecast short-term mortality, 
the risk was shown to be the most accurate definition of RD, 
followed by injury, failure, loss, and end-stage RD.
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1. Introduction
Chronic kidney disease (CKD) and proteinuria are 

both strongly associated with earlier RD. In contrast 
to CKD, which is characterized by kidney damage or 
renal damage for 3 months or above, RD is defined as 
a medical disorder characterized by a fast reduction in 
nephropathy, RD and CKD appear to be understood 
in various ways [1]. New evidence suggests, though, 
that RD & CKD are not always mutually exclusive, 
but may coexist on a spectrum, with those who suf-
fer from chronic RD being at greater risk for devel-
oping de novo CKD or experiencing an improvement 
in their existing CKD. RD which can last for seven 
days or more after exposure is a disease that is causing 
more people to worry as it could be important in the 
transition from RD to CKD [2]. RD is defined as the 
course of illness of acute or prolonged loss and/or loss 
of kidney function occurring within 7–90 days after 
an RD-disruptive occurrence. When a patient’s renal 
function does not entirely improve within seven days, 
it is generally believed that RD will result, and if the 
RD does not recover, CKD will eventually develop [3]. 

However, the RD trajectory continues to be com-
pletely understood. The second most usual feature of 
RD, HS-related RD, has a significant in-hospital death 
rate. Additionally, it has been shown that HS-RD pres-
ents a CKD risk. One distinguishing feature of HS-RD 
is its complicated pathophysiology, which involves 
elements such as hypotension, physiological stress-
es such as cardiopulmonary failure, inflammation, 
peroxidation, neurohormonal factors, endotoxemia 
drugs, or post-operative disease. Other characteristics 
include the various dates and times of occurrence and 
the diverse diagnostic courses (transient or persistent 
renal dysfunction). While RD occurring soon after 
cardiac surgery is thoroughly studied, RD following 
cardiac surgery is still understudied [4]. Up to 40% of 
patients with RD following HS (RD-HS) need at least 
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temporary renal replacement (RRT) treatment and 
this number is closer to 3%. Patients with severe RD 
face challenges such as increased medical costs, a 3- to 
8-fold increase in perioperative death, and lengthier 
ICU and inpatient stays. After three years, about 25% 
of RD patients will still have the condition. RD-HS has 
extraordinary economic impacts [5]. Figure 1 depicts 
the pathophysiology pathways of RD-HS.

In this paper [6], they discuss the many pathways 
and risk factors that might lead to renal damage, as 
well as the definition of cardiac surgery associated 
with acute kidney injury (CSA-AKI). This study will 
examine the current hypotheses about the etiology of 
CSA-AKI and will describe the course of the disease of 
this condition. Using serum creatinine or urine output 
alone to predict AKI after cardiac surgery is inaccu-
rate. They aimed to learn whether treatments brought 
about by increased UB lessen the occurrence of stages 
2 and 3 of AKI in patients who had just had heart sur-
gery. When used as a therapeutic adjunct after heart 
surgery, regular UB measurement and activation of an 
AKRT may be quite helpful [7]. 

Preventing AKI in children requires better cardiac 
bypass procedures, better renal perfusion, and the elim-
ination of risk factors that contribute to AKI in children. 
Predicting the onset of postoperative AKI is much easier 
with the use of early and intermediate indicators. Pre-
ventative measures, renal support, and developments in 
hemofiltration procedures have led to an increase in sur-
vival rates. Children and babies are expected to grow and 
develop further [8]. The author [9] investigated wheth-
er or not preoperative creatinine levels were related to 
worse outcomes after operations. Creatinine levels above 
the “baseline” level at the time of operation are linked to 
more complications thereafter. Before surgery, creatinine 
levels should be set as a baseline, and any postoperative 
variations in creatinine levels should require analysis of 
the data. Patients undergoing cardiopulmonary bypass 
(CPB) experience hemolysis, which is characterized by 
the generation of free hemoglobin (Hb). However, the 
variations in RBC-derived extracellular vesicles during 
CPB have not been examined, and it is unclear if exo-
somes (Exos) produced from red blood cells (RBCs) dis-
charged during CPB are released due to AKI [10].

Figure 1: Pathophysiological pathways in RD-HS
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This retrospective analysis evaluates the pathogen-
esis of AKI, categorization and definition, diagnostic 
criteria, and new biomarkers that are accessible, as 
well as the often employed and optimistic preventative 
methods in cardiac surgery patients.

The rest of the paper is organized as follows. Section 
2 depicts the methods, section 3 presents the results, 
section 4 presents the discussion, and section 5 depicts 
the conclusion and future scope of the research.

2. Methods
The majority of adult patients (those older than 

18) who had heart surgery at one facility in 2011 were 
included in this retrospective analysis. The study’s ap-
proval and the need for permission were both granted 
by Columbia University’s Internal Review Board. Pa-
tients with inadequate records, later part renal disease 
involving RRT, and CKD with serum creatinine (SrC) 
of more than 4 milligrams/decilitre (353 μmol/L) be-
fore operations were also excluded.

2.1 Data collection 
The Columbia University Medical Center per-

formed heart surgery on 2102 patients in total between 
December 3, 2010, and December 23, 2011. Data on 
basic demographics were gathered. The hospital’s elec-
tronic medical record (EMR) systems were accessed to 
gather laboratory and other data. The latest SrC read-
ing from the hospital’s electronic medical record was 
used to calculate the baseline SrC [11]. In the absence 

of a value inside our EMR, we utilized the most recent 
value recorded in a patient’s medical records before the 
surgery. High SrC measurements were taken on each 
surgical day and utilized to determine if a patient de-
veloped RD. Out of the total of 379 children patients, 16 
had a base SrC of more than 4 mg/dL (353 mol/L), of 
whom 12 needed preoperative RRT. Additionally, 156 
clients had insufficient information to draw any con-
clusions. A total of 1551 of them were used in the study.

2.2 Statistical analysis
Comparing values with a Gaussian distribution 

was done using an independent t-test, and for con-
tinuous variables without a normal distribution, a 
Mann-Whitney u test was employed. Using the Kolm-
ogorov-Smirnov test, the Gaussian distribution was 
established. Chi-square tests were performed to com-
pare categorical data, and the Kaplan-Meier survival 
analysis test was employed. Two-tailed P values were 
used, with a significance threshold of P0.05. Deter-
mined were likelihood ratios, as well as positive and 
negative predictive values. For the statistical analysis, 
SPSS version 20 software was employed.

3. Results
Table 1 provides patient characteristics. The SrC 

measurement obtained the closest to the operation 
period was considered to as the baseline SrC. In 1035 
cases, this happens upon admission on the day of sur-
gery, in 470 cases during two days, in 24 cases in 4 

Table 1
Patient characteristics

Patient characteristics Mortality/90 days N=65 Alive/90 days 
N=1486

All 
N=1551

P value

Preoperative
Age, mean ± SD 73.5 ± 13.9 68.1 ± 16.4 68.1 ±14.1 .68
Female 0(%) 24 (40.0%) 528(37.3%) 552 (37.4%) <.001
Other 15 (23.1%) 286 (19.2%) 301 (19.4%)
Transcatheter valves 2(3.1%) 36 (2.4%) 38(2.5%)
Heart transplantation 1 (1.5%) 21 (1.3%) 21 (1.4%)
Lung transplantation 2 (3.1%) 23 (1.5%) 24 (1.5%)
MVR 4 (6.2%) 82 (5.5%) 86 (5.5%)
MV repair 2 (3.1%) 83 (5.6%) 85 (5.6%)
CABG 16 (24.6%) 374 (25.2%) 390 (25.1%)
AVR 13 (20.0%) 391 (26.3%) 404 (26.0%)
CABG-value 0 (0.0%) 25 (1.7%) 25 (1.6%)

Post-operative
ICU length of stay-mean ± SD 2.3 ± 2.5 1.6 ± 1.5 <.0001
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days, in 6 cases within one week, and also in 16 cases 
and over a week before the surgical procedure.

3.1 Renal damage
Stage I RD according to KDIGO factors was the 

most common (n = 449, 28.9%), continued with stage I 
RD according to RDN factors (n = 410, 26.4%) and RI-
FLE-risk (n = 217, 14.0%). Increases in SrC > 0.3 mg/dL 
(26.5 mol/L) are used to diagnose KDIGO stage I in 191 
participants (42.5%), increases in SrC > 50% were used to 
identify stage I in 41 individuals (9.1%), and both criteria 
were used to identify stage I in 217 individuals (48.3%). A 
significant raise in SrC of much more over 0.3 mg/dL (26.5 
mol/L) within 48 hours was utilized to make a diagnosis 
of RDN stage I in 162 patient populations (39.5%), and in 
246 patients (60%) this rise was used alone to make the di-
agnosis. Two patients (0.5%) had to have an uptick in SrC 
of above 50% but not higher than 0.3 mg/dL (26.5 mol/L) 
within 2 days. In all, 49 participants needed RRT after sur-
gery. The majority of individuals with RD according to 
any other definition also met the criteria for RD according 
to the stage I KDIGO. RIFLE-Risk identified RD in 31 in-
dividuals who did not have RD according to RDN stage 
I criteria. Incidence and correlations between the various 
RD classifications are shown in Figure 2.

Figure 2: Venn diagram of renal damage (RD) after heart sur-
gery (HS)

3.2 Transient, sustained, and late RD
A rise in SrC of greater than 0.3 mg/dL (26.5 

μmol/L) for less than 2 days was seen in 164 individu-
als, while 244 individuals had persistent RD, as shown 
by a long-term increase in SrC of more than 0.3 mg/
dL (26.5 μmol/L) for 3 days or longer. Eighty individ-
uals had normal SrC levels within 48 hours after sur-
gery, with a rise occurring 3 days or later (“late RD”). 
Only 29 of these 80 individuals met the KDIGO stage 
I criteria, and only 24 met the RIFLE-Risk factors. The 

RDN criterion did not apply to any of the individuals 
who presented with late-onset RD. Fifty-one partici-
pants with late RD were not found using any of the 
several published criteria of RD.

3.3 Effect of RD on the outcome
Out of 1551 individuals, 4.2% died before 90 days, 

6.5% died in a year, and 11.2% died within 90 days and 
a year. We analyzed the ability of several forms of RD 
to determine death within 90 days by calculating their 
sensitivity, precision, positive and negative prediction 
values, risk of complications, odds ratios, and probabili-
ty ratios. The negative predictive value of RD definitions 
was high because of the low death rate, but the positive 
predictive value was modest. Positive probability ratio 
for RIFLE-R, followed by persistent RD. Survival curve 
comparison of Kaplan-Meier depicted in figures 3 and 4 
reveal that RIFLE-R and maintained RD had the greater 
mortality rates after 90 days and after 1 year.

Figure 3: Survival of patients with KDIGO-I, RIFIL-R, and RDN-I

Figure 4: Survival of patients with transient, sustained, and late RD
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A MAKE-90 composite objective was reached in 
167 patients. Within the first 90 days, 65 deaths oc-
curred, one patient developed a new need for CRRT, 
and 125 patients saw a 25% or more decline in GFR. 
The MAKE-90 score was positively linked with ev-
erything except the late RD criteria. To determine 
which RD factors were most effective for identifying 
the MAKE-90 aggregate outcomes, we calculated their 
sensitivities, applicability, negative and positive preci-
sion and recall, and probability ratios. Most positively 
predictive was the RIFLE-R, followed by the main-
tained RD for the 90-day deaths.

Patients meeting any RD criterion, including tem-
porary RD, had a lengthier hospital stay than all those 
meetings with no RD criteria. Hospital stay was lon-
gest for participants who have sustained RD and simi-
lar for participants who have KDIGO-I, RIFLE-R, and 
RDN-I RD. Patients without any RD had a median 
length of hospital stay of 7 days (IQR: 5-7 days).

After heart surgery, 17% of our cohort’s RD pa-
tients did not meet RDN criteria for RD until more 
than 48 hours had passed. Only 29 of the 80 pa-
tients with late RD met the KDIGO criteria, while 
only 24 met the RIFLE criteria. Thus, it is clear that 
a significant number of patients with significant RD 
are missed by all RD diagnostic criteria, but espe-
cially by RDN. As a result of even little variations in 
SrC affecting the outcome, the RDN criteria were 
created. Due to SrC’s low cutoff, the RDN criterion 
is very delicate. As a result, the fact that RDN pa-
rameters had a poor ability to predict death is not 
shocking, given they are going to detect many in-
stances in which non-significant variations in SrC 
have little bearing on prognosis.

Despite its great sensitivity, RDN criteria failed to 
detect a significant number of patients with late-stage 
RD because they restricted the rise in SrC to the first 
48 hours after surgery. Although significant renal im-
pairment may have occurred during heart surgery, 
haemodilution from cardiopulmonary bypass might 
make initial SrC levels after surgery looks lower than 
preoperative rates. Renal damage that continues after 
surgery might add further time before RD manifests 
clinically. It may take several days for SrC to develop 
after a drop in glomerular filtration rate, depending on 
factors such as body mass index (BMI), sex, muscular 
strength, and diet. After heart surgery, any definition 
of RD should account for a longer length of time be-
yond 48 hours.

4. Discussion
Accurate identification of RD after HS is essential 

to enable early management (by preventing subse-
quent nephrotoxic insults from developing), especially 
in the wake of the probability of prolonged hospital-
ization and increased death rate in these participants. 
When employed for clinical detection, late diagno-
sis, however, might also provide challenges since by 
the time RD is identified; it is to take a long time for 
any treatment. Further study on epidemiology and 
research on clinical diagnosis may benefit from two 
distinct definitions of RD, one early and one late. As 
the point in time after which an increase in SrC char-
acterized RD, we employed the time of operation. The 
study investigated RD following heart surgery often 
follows this protocol, however other kidney assaults 
like late shocks or infections could be the true reason 
for a late increase in SrC. Current definitions of RD 
cannot effectively account for these additional insults 
because they are difficult to recognize in retrospect 
[12]. It has been found that patients having undergone 
extensive (non-cardiac) surgery who experience sus-
tained increases in SrC have inherent proximal tubules 
harm, as compared to patients who have experienced 
transitory raises in SrC17 (lasting less than 72 hours), 
that are either likely to reflect the perennial absence of 
appropriate [13].

This may not be the case for individuals having 
heart surgery since they often recover from the pro-
cedure with good hydration and do not initially have 
pre-renal azotemia. We hypothesize that long-lasting 
injuries, such as those resulting from high vasodilator 
requirements or cardiac arrhythmias, are less common 
than those sustained after surgery because of their fo-
cus on assessing the incidence of intraoperative dam-
age [14]. However, establishing a threshold of 72 hours 
is arbitrary and may not be the best way to distinguish 
between temporary and persistent RD following car-
diac surgery. If RD develops early after heart surgery, 
it may be a sign that the injuries sustained were minor, 
allowing the kidneys to quickly heal.

Even while RIFLER and persistent RD only partial-
ly overlapped, both demonstrated a strong prediction 
potential for short-term mortality. Surprisingly, only 
3 of the 80 patients who had late RD died within 90 
days after their operation [15]. In this study, we did 
not include urine output in the diagnosis of RD limits 
our analysis, and subsequent investigations have high-
lighted the impact of poor urine output on outcomes 
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irrespective of elevated SrC. However, the majority of 
these investigations were severely unwell, non-cardiac 
surgical, general patients. Because the administration 
of mannitol in the cardiopulmonary bypass priming 
fluid often affects urine output following cardiac sur-
gery, urine output criteria have been left out of the ma-
jority of research.

5. Conclusion
RIFLE-R and persistent RD are the RD criteria 

most relevant following cardiac surgery among those 
investigated here because they had the strongest asso-
ciations with unfavorable outcomes. The most sensi-
tive criteria, KDIGO, nonetheless classify a huge per-
centage of individuals as having RD, even though this 
may not be clinically meaningful. Despite being nearly 
as comprehensive as KDIGO criteria, RDN criteria are 
not especially helpful following cardiac surgery since 
they miss a significant percentage of patients. Inves-
tigating if particular definitions should be made for 
various RD causes and situations may be valuable. 
The association between RD following HS and 90-
day mortality, 90-day renal prognosis, and 1-year fol-
low-up raises the possibility that this specific clinical 
situation needs to be given more attention.

5.1 Future scope
Since there are many different forms of cardiac sur-

gery, our study’s findings should apply to all of them. 
However, in groups not undergoing heart surgery, the 
risk of RD may be significantly different. Changes in 
SrC that might be brought on by either intrinsic tubu-
lar damage or persistent azotemia are included in all 
definitions of RD. Future definitions should be creat-
ed to differentiate between these two distinct entities, 
maybe based on additional biomarkers, to enhance 
the generally poor performance of existing definitions 
of RD.

5.2 Limitations
There are a few limitations to this research. To 

begin, we were unable to collect data on nephrotox-
ic drugs used during surgery, such as contrast media, 
which are known to slow the recovery of kidney in-
jury. Therefore, the absence of these data might be a 
significant drawback for this research. Second, the 
definition of RD phases did not take urine output into 
account. Even while RD might be better described 
based on both SrC and urine output, it is difficult to 

measure urine output daily in individuals in the late 
stages of HS because the bulk of these patients was dis-
charged from the ICU to regular hospitals or homes. 
Thus, it was decided that the definition of RD based 
on SrC was fair. Further research is necessary since the 
criteria, which included urine production, may have 
changed the outcomes. Third, the HS database at Co-
lumbia University was used for this investigation. As a 
result, the present research may not be easily extrapo-
lated to certain other nations and ethnicities with dis-
tinct healthcare systems.
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