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ABSTRACT  

Objective: identifying the factors related to and the repercussions of valve surgery on renal function by 
means of the classification Kidney Disease: Improving Global Outcomes (KDIGO). Method: quantitative, 
observational, longitudinal, and prospective study conducted in the intensive care unit (ICU) at a private 
hospital specialized in cardiology, with a 47-patient sample. Data collection took place through a structured 
questionnaire and Fisher’s exact test was used in statistical analysis, as well as the chi-square and Kruskal-
Wallis tests (with a significance level of p < 0.05). Results: in this study, 83% of the patients progressed to 
renal dysfunction. Higher body mass index (BMI), positive end-expiratory pressure (PEEP), and noradrenaline 
use were significantly related to the occurrence of kidney injury or renal failure (p = 0.002, p = 0.02, and p = 
0.05, respectively). Conclusion: BMI, PEEP, and noradrenaline use were significantly associated with acute 
kidney injury (AKI) in the postoperative period and, when combined with heart valve surgery, predisposed 
most of the patients to AKI. Descriptors: Acute Kidney Injury; Postoperative Period; Thoracic Surgery; Risk 
Factors; Health Evaluation. 

RESUMO  

Objetivo: identificar os fatores relacionados e as repercussões da cirurgia valvar sobre a função renal por 
meio da classificação Kidney Disease: Improving Global Outcomes (KDIGO). Método: estudo quantitativo, 
observacional, longitudinal e prospectivo realizado na unidade de terapia intensiva (UTI) de hospital privado 
especializado em cardiologia, com amostra de 47 pacientes. A coleta de dados ocorreu por meio de um 
questionário estruturado e a análise estatística empregou o teste exato de Fisher, além dos testes qui-
quadrado e Kruskal-Wallis (com nível de significância de p < 0,05). Resultados: neste estudo, 83% dos 
pacientes evoluíram com disfunção renal. Índice de massa corporal (IMC) mais elevado, pressão positiva no 
final da expiração (PEEP) e uso de noradrenalina se relacionaram de forma significativa com a ocorrência de 
lesão ou falência renal (p = 0,002, p = 0,02 e p = 0,05, respectivamente). Conclusão: IMC, PEEP e uso de 
noradrenalina representaram fatores significativamente associados a lesão renal aguda (LRA) no pós-
operatório e, quando combinados a cirurgia cardíaca valvar, predispuseram a maioria dos pacientes a LRA. 
Descritores: Lesão Renal Aguda; Período Pós-Operatório; Cirurgia Torácica; Fatores de Risco; Avaliação em 
Saúde. 

RESUMEN 

Objetivo: identificar los factores relacionados y las repercusiones de la cirugía valvular sobre la función renal 
mediante la clasificación Kidney Disease: Improving Global Outcomes (KDIGO). Método: estudio cuantitativo, 
observacional, longitudinal y prospectivo realizado en la unidad de cuidados intensivos (UCI) de un hospital 
privado especializado en cardiología, con una muestra de 47 pacientes. La recogida de datos se realizó a 
través de un cuestionario estructurado y se utilizó la prueba exacta de Fisher en el análisis estadístico, así 
como las pruebas chi-cuadrado y Kruskal-Wallis (con un nivel de significancia de p < 0,05). Resultados: en este 
estudio, el 83% de los pacientes evolucionaron con disfunción renal. Un índice de masa corporal (IMC) más 
alto, presión positiva al final de la expiración (PEEP) y uso de noradrenalina se relacionaron significativamente 
con la ocurrencia de lesión renal o insuficiencia renal (p = 0,002, p = 0,02 y p = 0,05, respectivamente). 
Conclusión: IMC, PEEP y uso de noradrenalina se asociaron significativamente con la lesión renal aguda (LRA) 
en el postoperatorio y, cuando se combinaron con cirugía valvular cardíaca, predispusieron a la mayoría de los 
pacientes a la LRA. Descriptores: Lesión Renal Aguda; Período Postoperatorio; Cirugía Torácica; Factores de 
Riesgo; Evaluación en Salud. 
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Cardiovascular diseases, as a public health 

issue, represent one of the universal causes of 

hospitalization; in this scenario, cardiopathies 

are among the conditions with the highest 

mortality rates in the world.1 

In turn, these heart diseases, depending on 

their complexity, require cardiac surgery to 

correct a congenital or acquired defect. In the 

postoperative period, a patient may progress 

to vascular, pulmonary, and kidney 

complications, among others. Acute kidney 

injury (AKI) is highlighted in this scenario as a 

kidney complication after cardiac surgery and 

it is characterized as the second most 

common cause of hospitalization in intensive 

care units (ICUs).2 

Thus, AKI as a problem has been configured 

as a global health epidemic with increasing 

incidence, something which increases the 

long-term risks of multiple comorbidities and 

mortality, along with rising health care costs.3 

It is known that as a result of advances in 

preventive and therapeutic strategies, the 

mortality rate associated with AKI has shown a 

significantly decreasing trend over the 

decades among hospitalized patients.4 

However, on the other hand, the mortality 

rates among critically ill patients with AKI 

remain high and they affect between 81.8% 

and 93.3% of the individuals.5,6 

In the general context, in the postoperative 

after cardiac surgery, AKI, depending on its 

definition and the study scenario, affects from 

2.4% to 58.6% of the adult patients.7,8 

Scientific evidence obtained with 321 

patients who underwent valve surgery 

confirms that 41% of the patients evolved 

postoperatively with AKI. Another study also 

indicates that up to 49% of the valve surgeries 

may predispose to the occurrence of this 

pathology. Also in this scenario, it is worth 

emphasizing that about 1.5% of the patients 

affected by AKI require renal replacement 

therapy, which increases the chance of 

mortality by up to 60%.10 

The most powerful strategy to prevent 

progression from AKI to chronic kidney disease 

(CKD) is prevention. To do this, the definition 

of AKI should be clear and incorporated by 

health service practitioners, so that their 

identification can be early, in such a way as to 

minimize the risk that patients progress to 

it.11 

There is a global incentive to improve the 

lack of knowledge and understanding on the 

recognition, diagnosis, and management of 

AKI patients in the health systems.12 

The adoption of newer technologies and 

better collaboration between health centers 

may enable resource sharing to help educators 

and health practitioners to pursue more 

effective and more flexible educational and 

clinical approaches and overcome some 

barriers in early identification and treatment. 

It is known that AKI is common and often 

preventable. Nurses should be capable of 

recognizing it. By means of prevention or 

early detection, these practitioners may help 

reducing morbidity and mortality associated 

with AKI, improving the patients’ quality of 

life and reducing the financial impact of AKI.14 

According to the Kidney Disease Improving 

Global Outcomes (KDIGO), kidney injury is 

defined as an abnormality of kidney structure 

or function, with health implications. It may 

occur abruptly and be dealt with or become 

chronic.15 

Currently, the classification KDIGO has 

gained prominence regarding the definition of 

AKI. Published in 2012, it is proposed to 

identify AKI in the presence of elevated serum 

creatinine levels, above 0.3 mg/dL over 

baseline within a 48-hour period, or when 

there is an increase greater than or equal to 

1.5 times the baseline serum creatinine within 

7 days, or when the urine output is reduced to 

less than 0.5 mL/kg/h within 6 hours.15  

 

● Identifying the factors related to and the 

repercussions of valve surgery on renal 

function by means of the classification Kidney 

Disease: Improving Global Outcomes (KDIGO). 

 

Quantitative, observational, longitudinal, 

prospective study conducted in the ICU at a 

private hospital specialized in cardiology in 

the Brazilian Federal District. 

The convenience sample consisted of 47 

patients admitted to the ICU. Data was 

collected during the period from February to 

August 2016. Adult patients in the 

postoperative period of heart valve surgery 

and those without history of kidney disease 

prior to ICU admission were included and 

those in palliative care, undergoing vascular 

and myocardial revascularization surgeries 

were excluded. 

For data collection, patients were 

monitored clinically and laboratorially for 

seven days, through information in the 

medical records. Weekly visits were made and 

a structured questionnaire with items related 

to sociodemographic identification, clinical 

variables (comorbidities, medicines in use), 
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prognostic score (APACHE II), ventilatory 

variables, hemodynamic variables (blood 

pressure, heart rate, peripheral oxygen 

saturation), a laboratory variable, such as 

serum creatinine and the patients’ urinary 

output was applied. 

To evaluate renal function, the 

classification KDIGO was applied by the 

researcher - which allows staging renal 

function based on serum creatinine and 

urinary output (Table 1).15 

 

Table 1. Classification KDIGO. Brasília (DF), Brazil, 2016. 

Stages Serum creatinine Urinary output 

Stage 1. 1.5 to 1.9-fold increase in baseline creatinine or 
a 0.3 mg/dL increase. 

Less than 0.5 mL/kg/h for 6 to 12 
hours. 

Stage 2.  2.0 to 2.9-fold increase in baseline creatinine. Less than 0.5 mL/kg/h for a time 
greater than or equal to 12 hours. 

Stage 3.  A 3.0-fold increase in baseline creatinine or a 4.0 
mg/dL increase or onset of dialysis in patients 
under 18 years of age with a creatinine clearance 
of less than 35 mL/min/1.73 m². 

Less than 0.3 mL/kg/h for a time 
greater than or equal to 24 hours or 
anuria for a time equal to or 
greater than 12 hours.  

Source: Adapted from the KDIGO clinical practice guideline for acute kidney injury, 2012. 
 

We adopted as baseline creatinine the last 

value of serum creatinine prior to ICU 

admission; when it was not available, we 

adopted the lowest creatinine value within 

the first week of ICU admission. 

In this study, a patient with a 1.5 to 1.9-

fold increase in baseline creatinine and/or a > 

0.3 mg/dL increase or a < 0.5 mL/kg/h 

decrease in urinary output for 6 to 12 hours.15 

The Acute Physiology and Chronic Health 

Evaluation (APACHE II), a severity score 

adopted in this study, represents a scoring 

system to determine the organ dysfunction 

degree or failure rates. The score is based on 

six variables relevant to the respiratory, 

cardiovascular, hepatic, hematopoietic 

(coagulation), renal, and neurological 

systems.16 

In compliance with Resolution CNS no. 

466/2012, this study was approved by the 

Research Ethics Committee of the Cardiology 

Institute of the Brazilian Federal District, 

under the Brazilian Certificate of Submission 

for Ethical Assessment (CAAE) no. 

44999215.9.0000.0026. 

Descriptive data was expressed in absolute 

frequency (n) and relative frequency (%), 

average value and standard deviation, and 

median value and quartiles 1 and 3. 

Categorical variables were analyzed using 

Fisher’s exact test or chi-square test. The 

analysis of continuous variables was 

performed using Kruskal-Wallis non-

parametric test. P values < 0.05 were 

considered significant. 

 

The results showed a predominance of 

women (66%). The participants’ age and 

average body mass index (BMI) was 53 ±15 

years and 26.0 ±5.7 kg/m², respectively. 

The ICU length of stay was estimated at 

around 4 ±3.7 days. Regarding the outcome of 

the ICU and in-hospital care, there was no 

difference: in both segments, 95.7% of the 

patients evolved to hospital discharge and 

4.83% to death. In addition, 83% progressed 

with renal dysfunction, according to the 

classification KDIGO. 

The most frequent comorbidities were 

arterial hypertension (48.9%), followed by 

functional class II/III heart failure (38.3%). 

Among the patients monitored, 12.8% had a 

ventricular ejection fraction below 50%. 

The average time of surgery and 

extracorporeal circulation was 253 ±67 and 

109 ±35 minutes, respectively. The median 

time of anoxia was 85 minutes. 

The invasive ventilatory strategy generally 

lasted for a median time of 870 minutes. Of 

the total number of patients, 18 (38.3%) had 

used invasive mechanical ventilation. The 

average positive end-expiratory pressure 

(PEEP) used during treatment was 8.9 ±1.0 

cmH2O. Also, the average APACHE II index was 

10.7 ±4.1 and postoperative mortality 

affected an average of 13.7 ±7.4 patients. 

It was estimated that 96% of the patients 

required a vasopressor drug due to 

hemodynamic instability. Noradrenaline was 

administered to 72.3% of them. The vast 

majority (97.9%) of the patients received 

antibacterial prophylaxis and almost 90% 

received a diuretic drug. 

As observed, according to the creatinine 

criterion, 40.4% of the patients were stratified 

with risk of kidney injury and 19.1% with 

kidney injury itself. Likewise, 36.2% of 

patients in stage 1 (risk) and 29.8% in stage 2 

RESULTS  
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(kidney injury - intermediate severity stage) 

were identified using the urinary output 

criterion. Only 2.1% of the participants were 

classified in stage 3 (renal failure) by the 

urinary output criterion, a stage of greater 

severity of renal dysfunction. Regarding the 

creatinine criterion, it was observed that the 

urine output criterion tended to show better 

performance in the evaluation of renal 

dysfunction (Table 2). 

 

 

 

Table 2. Renal function distribution of patients in dysfunction stages according to the classification KDIGO. 
Brasília (DF), Brazil, 2016. 

Stage Creatinine criterion* Urinary output criterion 

Stage 1/Risk 19 (40.4%) 17 (36.2%) 

Stage 2/Injury  9 (19.1%) 14 (29.8%) 

Stage 3/Failure 0 (0.0%) 1 (2.1%) 

 

The highest BMI was significantly related to 

the occurrence of kidney injury or renal 

failure (p = 0.002). 

Extracorporeal circulation (ECC) time was, 

on average, 11 minutes longer in those 

patients who progressed with kidney injury or 

renal failure, although there was no 

significant relationship (Table 3). 

Mechanical ventilation time was also 

slightly longer in patients with kidney injury 

or renal failure, averaging 870 minutes, while 

in patients with normal or at-risk renal 

function it was 855 minutes. There was a 

significant association (p = 0.02) of PEEP with 

the occurrence of kidney injury or renal 

failure. 
 

Table 3. Relation between surgical variables and renal function of patients in the postoperative period of 
valve surgery admitted to the intensive care unit. Brasília (DF), Brazil, 2016. 

Characteristics (n = 47) 
Normal or at-risk 
(n = 29) 

Injury or failure 
(n = 18) 

P valor  

Time of surgery (minutes)i 242 (216–263) 235 (205–349) 0.8 

Time of ECC (minutes) 95 (90-124) 106 (91-128) 0.5 

Time of anoxia (minutes) 84 (72-103) 88 (70-105) 0.7 

Intraoperative complications 10 (34.5) 4 (22.2) 0.4 

Time of MV (minutes) 855 (680-1068) 870 (682-1397) 0.4 

PEEP  8 (8-8) 10 (9-10) 0.02 

NIV 10 (45.5) 8 (47.1) 0.9 

APACHE II 11.0 (8-13) 10.5 (8.5-13) 0.8 

Mortality 12.9 (8.7-16.5) 12.1 (9.3-16.5) 0.8 

PEEP = positive end-expiratory pressure; NIV = non-invasive ventilation; MV = mechanical ventilation; ECC = 
extracorporeal circulation.  
i Fisher’s exact test; Mann-Whitney test; chi-square test. 

 

All patients who required a vasopressor 

drug (noradrenaline) progressed to kidney 

injury or renal failure (p = 0.05). 

The most frequent postoperative 

complication both in patients with normal 

renal function or at risk (20.7%) and in those 

with kidney injury or renal failure (22.2%) was 

atrial fibrillation (AF). 

 

AKI is one of the main postoperative 

complications of cardiac surgery10,17,18, a fact 

also reflected in this study, considering that 

83% of the patients progressed to some renal 

dysfunction. 

Scientific evidence, as well as that 

provided by this study, showed that women 

are at higher risk of developing AKI.19,20 

However, although this finding is not 

consensual, this variable is expressed as an 

independent factor for developing AKI.21 

Several factors, such as intraoperative 

hypotension, chronic pulmonary disease, 

prolonged mechanical ventilation, infections, 

extracorporeal circulation, intra-aortic 

balloon use, alone or combined, may 

determine renal dysfunction in the 

postoperative of valve surgery. Individuals 

with advanced age have lower tolerance to 

hemodynamic changes, a finding that also 

predisposes to the occurrence of AKI.9,10,18 In 

DISCUSSION 
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this context, mechanical ventilation as an 

artificial ventilation strategy causes changes 

in cardiovascular hemodynamics and this leads 

to decreased renal blood flow, culminating in 

the glomerular filtration rate, and 

consequently in kidney injury.22 

Regarding weight, the average BMI of 

patients with kidney injury or renal failure 

was 26.0 kg/m2. According to the Brazilian 

Ministry of Health, the optimal BMI should be 

between 18.5 and 24.9 kg/m2. Therefore, the 

BMI of 25 kg/m2 is considered as overweight 

and 30 kg/m2 as obesity. The two conditions, 

overweight and obesity, represent risk factors 

for kidney injury, as they establish a series of 

structural, histologic, and kidney 

hemodynamic changes, among them increased 

glomerular filtration rate, increased effective 

plasma flow, and increased incidence of 

albuminuria and proteinuria.23 

It is noteworthy that 22% of the patients 

who evolved to kidney injury or renal failure 

in the postoperative had diabetes mellitus. It 

is known that diabetes mellitus is an 

independent risk factor for kidney injury.18,24 

Increased risk of kidney damage in diabetic 

patients is generally associated with 

hemodynamic events, since diabetes mellitus 

increases glomerular filtration, a factor that 

implies exacerbation, as well as extravasation 

of macromolecules, such as albumin. This fact 

implies glomerular hypertrophy and thickening 

of the glomerular basement membrane, 

leading to decreased glomerular filtration 

rate.23 

Nonetheless, arterial hypertension was also 

observed in this study, as well as in other 

scientific analyses, such as a risk factor for 

renal dysfunction, considering that 61.1% of 

the hypertensive patients in this study evolved 

to kidney injury or renal failure.24 This fact 

may also be confirmed through the study by 

Dordetto24, which found that 66.6% of the 

patients who underwent cardiac surgery were 

hypertensive, showing a close relationship 

with the results of this study. Changes in 

blood pressure cause a series of structural 

changes in the arteries and arterioles, 

including lumen narrowing in the renal 

arterioles, culminating in glomerular 

damage.25 

Out of the total number of patients, 94.4% 

of those with kidney injury or renal failure 

evolved to acidosis. One explanation for this 

acid-base imbalance is anchored in 

extracorporeal circulation, considering it as a 

depressant of oxygen supply to the 

cardiovascular tissue, a factor that may also 

contribute to the occurrence of cardiac 

arrhythmias.24 

Extracorporeal circulation, besides 

maintaining the heart’s vital functions during 

cardiac surgery7, also promotes the release of 

inflammatory mediators, considering that the 

blood comes into contact with a surface other 

than the endothelial surface.26 In general, the 

longer the use of ECC in cardiac surgery, the 

greater kidney, coagulation, and autoimmune 

disorders.24 On the other hand, studies show 

that the shorter the time of ECC, the lesser 

renal dysfunction, however, the findings of 

our study revealed a prolonged time, 

something that culminated in severe renal 

dysfunction, in this case in renal failure itself. 

The most frequent complication among 

patients in the postoperative period was AF. 

This arrhythmia, besides being frequent in the 

postoperative period of cardiac surgery, is 

related to some comorbidities. However, 

other complications, such as infections, 

prolonged use of mechanical ventilation, 

hemodynamic instability, and use of 

vasoactive drugs should also be considered. 

Scientific evidence, such as that of this 

study, demonstrated that using noradrenaline 

as a vasopressor drug was significantly 

associated with the occurrence of AKI.27,28 

Renal dysfunction is known to be one of the 

most important reasons for mortality and 

morbidity after surgery or due to prolonged 

surgical time29, thus early identification of 

factors that affect renal function may be 

beneficial in the evaluation of patient 

outcomes. Above all, it is key to manage fluid 

infusion and hemodynamic monitoring in the 

postoperative period, considering they 

represent significant factors for renal function 

stability.30 

 

Out of the patients undergoing valve 

surgery, most of them progressed with renal 

dysfunction, evidencing that this surgery, 

depending on the patient’s clinical status, 

predisposes to AKI. 

The factors significantly related to the 

occurrence of AKI in the postoperative of 

patients who underwent valve surgery were 

BMI, PEEP, and vasopressor drug use. 

Early identification of risk factors for AKI in 

the postoperative period of valve surgery 

favors the early intervention of health 

professionals, minimizes health problems and 

mortality, in addition to reducing costs for the 

health system. 

 

 

 

CONCLUSION 
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