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Abstract
Objective: To evaluate the impact of intensive glycemic control on the reduction of the incidence of acute renal injury in adult patients undergoing 
cardiac surgery.
Methods: Randomized clinical trial, evaluating 95 patients undergoing two glycemic control strategies. Patients were randomized to the intervention 
n group (IG), with the goal of maintaining postoperative glycemia between 90 and 110 mg/dl. For patients allocated into the conventional group 
(CG) the goal was to maintain glycaemia between 140 and 180 mg/dl. The insulin dose adjustment was based on undiluted arterial blood glucose 
measurements at one hour intervals, by means of a blood glucose and beta-ketone monitoring system.
Results: The incidence of acute kidney injury was 53.7% (KDIGO stages 1, 2 or 3). There was no signifi cant difference between the groups 
regarding the primary outcome (p=0.294). However, a greater frequency of complete renal function recovery (p = 0.010), ICU discharge (p = 
0.028), and hospital discharge (p = 0.048) was found among patients undergoing conventional glycemic control. The use of intensive glycemic 
control was associated with longer ICU stay (p=0.031). The number of episodes of hypoglycemia was similar in both groups (1.6±0.9 vs. 1.3±0.6, 
p=0.731), demonstrating the safety of the strategies used.
Conclusion: The impact of intensive glycemic control on reducing the incidence of acute kidney injury was not observed. In contrast, patients 
treated in the CG had a higher frequency of complete renal function recovery.

Resumo
Objetivo: Avaliar o impacto do controle glicêmico intensivo na redução da incidência de lesão renal aguda em pacientes adultos submetidos à 
cirurgia cardíaca.
Métodos: Ensaio clínico randomizado que avaliou 95 pacientes submetidos a duas estratégias de controle glicêmico. Os pacientes foram randomizados 
para o grupo intervenção (GI), com a meta de manutenção da glicemia pós-operatória entre 90 e 110 mg/dl. Nos pacientes alocados no grupo 
convencional (GC) o objetivo era a manutenção da glicemia entre 140 e 180 mg/dl. O ajuste da dose de insulina foi baseado em medições de glicose no 
sangue arterial não diluído, em intervalos de uma hora por meio de um sistema de monitoramento de glicose e beta-cetona no sangue.
Resultados: A incidência de LRA foi de 53,7% (KDIGO estágios 1, 2 ou 3). Não houve diferença signifi cante entre os grupos quanto ao desfecho 
primário (p=0,294). Entretanto, observou-se maior frequência de recuperação da função renal (p=0,010), na alta da UTI (p=0,028) e alta 
hospitalar (p=0,048) entre os pacientes submetidos ao controle glicêmico convencional. A utilização do controle glicêmico intensivo esteve 
associada com maior tempo de permanência na UTI (p=0,031). O número de episódios de hipoglicemia foi semelhante nos dois grupos (1,6±0,9 
vs. 1,3±0,6, p=0,731), demonstrando a segurança das estratégias utilizadas.
Conclusão: Não se observou o impacto do controle glicêmico intensivo na redução da incidência de lesão renal aguda. Em contrapartida, os 
pacientes tratados no GC apresentaram maior frequência de recuperação da função renal.

Resumen
Objetivo: Evaluar el impacto del control glucémico intensivo en la reducción de la incidencia de lesión renal aguda en pacientes adultos sometidos 
a cirugía cardíaca.
Métodos: Ensayo clínico aleatorizado que analizó 95 pacientes sometidos a dos estrategias de control glucémico. Los pacientes fueron colocados 
de forma aleatoria en el grupo experimental (GE), con el objetivo de mantener la glucemia posoperatoria entre 90 y 110 mg/dl. El objetivo para los 
pacientes ubicados en el grupo convencional (GC) era mantener la glucemia entre 140 y 180 mg/dl. El ajuste de la dosis de insulina se basó en 
mediciones de glucosa en sangre arterial no diluida, en intervalos de una hora mediante un sistema de monitoreo de glucosa y beta-cetona en sangre.
Resultados: La incidencia de LRA fue de 53,7% (KDIGO nivel 1, 2 o 3). No hubo diferencia signifi cativa entre los grupos con relación al criterio 
principal de valoración (p=0,294). Sin embargo, se observó mayor frecuencia de recuperación de la función renal (p=0,010), en el alta de la UCI 
(p=0,028) y alta hospitalaria (p=0,048) en pacientes sometidos al control glucémico convencional. La utilización del control glucémico intensivo 
estuvo relacionada con mayor tiempo de permanencia en la UCI (p=0,031). El número de episodios de hipoglucemia fue parecido en los dos 
grupos (1,6 ± 0,9 vs. 1,3 ± 0,6, p=0,731), lo que demuestra la seguridad de las estrategias utilizadas.
Conclusión: No se observó el impacto del control glucémico intensivo en la reducción de la incidencia de lesión renal aguda. Por otro lado, los 
pacientes tratados en el GC presentaron mayor frecuencia de recuperación de la función renal.
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Introduction

Hyperglycemia, regardless of whether or not diabe-
tes mellitus is present, is one of the main risk factors 
associated with poor prognosis in patients under-
going cardiac surgery.(1-3) Because it is considered a 
modifiable risk factor, some studies have highlight-
ed the importance of rigorous glycemic control and 
its influence on mortality and morbidity, including 
renal dysfunction.(4,5) 

In the current literature, recommendations 
for glycemic control are mostly derived from 
studies of critical patients; when assessing renal 
dysfunction, there is no consensus on standard-
izing the definition for renal dysfunction.(3,6) A 
limited number of studies(1,7) focused on the use 
of an intensive glycemic control protocol to re-
duce the incidence of acute kidney injury (AKI); 
no study specifically investigated the outcome of 
intensive treatment in renal function using the 
most current international classification of AKI,  
Kidney Disease: Improving Global Outcomes 
(KDIGO).(8) Consequently, the comparison of 
findings from different studies is compromised 
due to the heterogeneity of these results.

Acute kidney injury, defined based on elevated 
serum creatinine levels, occurs in almost 25% of pa-
tients in the first days after cardiac surgery, specula-
tively as a result of postoperative hypotension, use 
of nephrotoxic substances, and inflammation.(9,10) 
Acute kidney injury is a frequent complication af-
ter cardiac surgery, with an incidence ranging from 
20% to 57%.(11,12) When it occurs in the cardiac sur-
gery postoperative period, it is associated with an in-
crease in hospitalization costs, longer hospital stays, 
increased time on mechanical ventilation, increased 
rates of wound infection and mortality, especially 
when there is a need for dialysis.(13-16) Although the 
exact mechanisms responsible for postoperative AKI 
remain uncertain, its prognostic impact is well doc-
umented, not only in terms of morbidity but also 
in long-term events, such as incomplete recovery of 
renal function, and progression to chronic kidney 
disease, cardiovascular events, and death.(15,17) 

Hyperglycemia has been suggested as a risk fac-
tor for the development of postoperative AKI.(1,3,7) 

However, the method for obtaining the best hyper-
glycemic control in the cardiac surgery setting re-
mains uncertain. Thus, the objective of this study 
was to evaluate the impact of intensive glycemic 
control in reducing the incidence of acute renal in-
jury in adult patients undergoing cardiac surgery, 
when compared to conventional glycemic control.

Methods

This was a randomized controlled trial, per-
formed in a teaching hospital that is a refer-
ence site in Cardiology, Cardiac and Thoracic 
Surgery, located in the state of São Paulo, Brazil. 
The methodology of the study was based upon 
the recommendations of the Consort Statement. 
The study was enrolled in ClinicalTrials.gov, 
under the identifier NCT02574156, and acro-
nym CHYCS - Control of Hyperglycemia After 
Cardiac Surgery: CHyCS Trial.

Patients undergoing cardiac surgery from May 
of 2016 to December of 2016, who presented gly-
cemia greater than or equal to 200 mg/dl in the first 
six hours of admission to the surgical ICU (SICU) 
were included. Patients younger than 18 years of 
age, hospitalized for surgical correction of congen-
ital heart disease, cardiac transplant, and/or partic-
ipating in another study were excluded, as well as 
patients with a diagnosis of chronic renal failure 
undergoing on dialysis. The researchers selected 
patients who were candidates for inclusion in the 
study on the day before the surgical procedure, by 
analyzing the surgical schedule established for the 
subsequent date. The candidates were carefully in-
formed by the researchers regarding the objectives 
of the study, and if they agreed to participate, they 
were included in the study protocol.

All patients received standard surgical care as 
previously described.(12) In summary, patients re-
ceived general anesthesia that was induced using 
fentanyl, midazolam, etomidate and pancuronium, 
adjusted for weight, and maintained with fentanyl 
and inhaled isoflurane. The decision to use extra-
corporeal circulation (EC) was the decision of the 
surgeon, and all surgical procedures were performed 
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by median sternotomy. After surgery, all patients 
were transferred to the SICU.

Patients who had glycemia above 200 mg/dl in 
the first six hours of admission to the SICU were 
randomized, using a random list generated through 
a computer program (www.random.org), and were 
allocated to one of the groups: the conventional 
group (CG) with the objective of maintaining gly-
cemia between 140 mg/dl and 180 mg/dl, or the 
intensive group (IG), with the aim to maintain gly-
cemia between 90 mg/dl and 110 mg/dl. The con-
ventional glycemic control target is used routinely 
in the SICU where the study was conducted.

The patients included were monitored for cap-
illary glycemia at one hour intervals during the first 
24 hours postoperatively, and received glucose solu-
tion during their time on the protocol (400 ml of 
10% glucose solution, and 100 ml of 50% glucose) 
and an infusion of insulin in the dilution of 100 
IU of regular insulin and 100 ml of saline solution 
(0.9% NaCl) in a continuous infusion pump. The 
insulin dose adjustment was based on undiluted 
arterial blood glucose measurements, taken at one-
hour intervals, using a blood glucose and beta-ke-
tone monitoring system (Freestyle Precision Pro, 
Abbott®). The insulin dose was adjusted based on 
an algorithm(4) adapted for this study by a team of 
intensive care nurses trained for this purpose, and 
assisted daily by a research nurse not involved in the 
clinical care of the patients.

For the sample calculation, we defined 5% al-
pha (α), with 80% power, to reduce the absolute 
incidence of acute renal injury from 57% to 28.5%, 
totaling 94 patients. After ascertaining the eligibil-
ity of the participants, the randomization was by 
aleatory method, in blocks of ten, from a list of 
random numbers generated by the website: www.
randomization.org.

For data collection, a specific instrument was 
developed with information on patient identifica-
tion, demographics, clinical characteristics, proce-
dural data, clinical evaluation, and outcomes. 

Surgical risk assessment  was assessd  using the  
European system for cardiac operative risk evalu-
ation (EuroSCORE), assessment of the degree of 
organ dysfunction in the ICU using the Sequential 

Organ Failure Assessment Score (SOFA Score),  
the prognosis evaluation via the Simplified Acute 
Physiology Score III (SAPS 3), prediction of AKI in 
the cardiac surgery postoperative period using the 
Cleveland Clinic Scoring Tool, and the evaluation 
of comorbidities and prediction of mortality in ten 
years using the Charlson Comorbidity Index. 

The primary outcome was the reduction in the 
incidence of AKI in the postoperative cardiac sur-
gery period. For the definition of AKI, the KDIGO 
criterion(8) was used,  which defines AKI as an abso-
lute increase in creatinine levels of at least 0.3 mg/
dl in the last 48 hours, or a relative increase in cre-
atinine of at least 1.5 times from baseline in the last 
seven days, or a urine output <0.5 ml/kg/hour in the 
last six hours.  Only one of these criteria (increase in 
creatinine or reduction of urine output) is necessary 
for establishment of AKI. This classification strati-
fies the AKI in three stages, as noted in chart 1. The 
secondary outcomes evaluated were the need for 
dialysis, recovery of renal function, discharge from 
SICU and from the hospital, death, hypoglycemia 
(capillary glycemia <70mg/dL), number of episodes 
of hypoglycemia, and the length of stay in SICU 
and in the hospital.

Chart 1. Classification of acute kidney injury according to the 
KDIGO criterion
Stage Serum creatinine Urinary output

1 Increase in Cr > to 0.3 mg/dl (≥ 26.4 μmol/l) 
or increase of 1.5 - 1.9 times baseline Cr

< 0.5 ml/kg/hr for 6-12h

2 Increase in Cr > 2 - 2.9 times baseline Cr < 0.5 ml/kg/h for > 12h

3 Increased Cr >3 times baseline Cr, or Cr > 
to 4.0 mg/dl [≥ 354 μmol/l], OR beginning 
of renal replacement therapy, OR GFR 
decreased to <35 ml/min in patients < 18 
years of age.

< 0.3 ml/kg/h for > 24h, or anuria 
for > 12h

Source: translated from Khwaja KDIGO clinical practice. guidelines for acute kidney injury. Nephron Clin 
Pract. 2012; 120 (4): e179-84. 
SCr – Serum creatinine; GFR - Glomerular filtration rate

The data were described by means of absolute 
frequencies and relative percentages when cate-
gorical, and using means and standard deviations 
when continuous. The associations between cate-
gorical variables and treatment types were tested by 
Pearson’s Chi-Square test, estimated via the Monte 
Carlo procedure (100,000 replications). Differences 
in measures of central tendency among types of 
treatments were tested using the Mann-Whitney 
test. To evaluate the associations between three or 
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more categorical variables, a perceptual map esti-
mated by Multiple Correspondence Analysis was 
used. The significance level adopted was 5%, and 
the software used was the R Core Team, 2018.

The study was submitted and registered in 
the Brazil Platform under the Certificate of 
Presentation for Ethical Appreciation (CAEE) 
50949115.5.0000.0068, and approved by the 
Research Ethics Committee of the Faculty of 
Medicine of the University of São Paulo, under 
the number 1,378,648. All participants signed the 
Terms of Free and Informed Consent. The study 
complied with national and international standards 
of research ethics involving human subjects, in ac-
cordance with resolution 466/12.

Results

During the data collection period, 95 patients were 
selected for the study, among 440 eligible patients 
(Figure 1). The comparative analysis between the 
clinical and demographic characteristics of the in-
dividuals studied shows that the IG and CG groups 

were homogeneous, except for the use of vasoactive 
substances, which was higher in the IG group. The 
participants were mostly males (54.7%), mean age 
59.8 ± 12.8 years, at low risk for death and devel-
opment of AKI, as demonstrated by the Euroscore 
(3.4 ± 2.6) and the Cleveland Clinic Scoring Tool 
(2.2 ± 1.5), respectively. The severity profiles, mea-
sured by SAPS 3 scores on admission to the SICU 
(p=0.681), and the SOFA after 24 hours (p=0.544), 
were also similar between groups. The most fre-
quent type of surgery was myocardial revascular-
ization surgery using the saphenous vein (37.9%) 
and mammary artery (36.8%). It was necessary to 
use EC in 96.8% of patients, with a mean time of 
91.7 ± 33.2 minutes. The treatment with vasoactive 
substances was different between groups (97.2% 
vs. 83.1%, p=0.047) in IG and CG, respectively, 
even though severity assessed by SAPS 3 was similar 
between the groups (p=0.681). However, there was 
no difference in the doses of dobutamine (p=0.518) 
or noradrenaline (p=0.218) between groups. The 
clinical and demographic characteristics of patients 
undergoing glycemic control in both groups are 
presented in table 1.

Figure 1. Flowchart for inclusion, allocation, and analysis of the research sample based on recommendations of the CONSORT 
Statement

Inclusion

Allocation

Analysis

Assessed for eligibility (n=414)

Randomized (n=326)

Excluded (n=88)
• Did not meet the inclusion criteria (n=10)
• Stopped participating (n=78)

Allocation for the Conventional Group (GC) (n=181)
• Received allocation for intervention (n=59)
• No glycemia ≥ 200 mg/dl at 6h after admission 

(n=122)

Allocation for the Intensive Group  (IG) (n=145)
• Received allocation for intervention (n=36)
• No glycemia > 200 mg/dl at 6h after admission 

(n=109)

Analyzed (n=36)
• Excluded from analysis (n=0)

Analyzed (n=59)
• Excluded from analysis (n=0)
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Table 2 presents the outcomes of patients un-
dergoing glycemic control in the intensive and con-
ventional groups. The incidence of AKI was 53.7% 
(KDIGO stages 1, 2 or 3). The AKI analyzed in the 
three stages, separately, demonstrated that among 
the 51 patients with AKI, 41 were classified as stage 
1, seven as stage 2, and only three as stage 3. These 
results reflect the low severity of AKI associated 
with the surgical procedure in this sample. There 
was a higher frequency of renal function recovery 
(69.5% vs. 41.7%, p=0.010), and more rapid dis-
charge from the SICU (98.3% vs. 86.1%, p=0.028) 
and the hospital (96.6% vs. 82.4%, p=0.048) 
among the CG patients when compared to the IC 
patients. Those patients undergoing intensive gly-
cemic control had a longer stay in the SICU when 
compared to those treated with conventional con-
trol (p = 0.031).

Table 1. Clinical and demographic characteristics of patients 
undergoing glycemic control in the Intensive Group (IG) and the 
Conventional Group (CG) 

Variables 
Total

(n=95)
n(%)

IC
(n=36)
n(%)

CG
(n=59)
n(%)

p-value

Sex, n (%)

Male 52(54.7) 19(52.8) 33(55.9) 0.833*

Female  43(45.3) 17(47.2) 26(44.1)

Age, years (mean + SD) 59.8(12.8) 60(12.5) 59.7(13.2) 0.997#

EuroSCORE, (mean + SD) 3.4(2.6) 3.7(3.1) 3.3(2.2) 0.888#

Cleveland Clinic Scoring Tool, 
(mean + SD)

2.2(1.5) 2.2(1.7) 2.2(1.3) 0.413#

Charlson Comorbidity Index, 
(mean + SD)

2.7(1.8) 2.7(1.8) 2.8(1.9) 0.779#

LVEF, (mean + SD) 55.3(16.5) 54(17.9) 56.1(15.7) 0.764#

Baseline creatinine, mg/dL 
(mean + SD P)

1.2(0.7) 1.1(0.6) 1.2(0.8) 0.288#

GFR, mL/min (mean + SD) 54.1(10.9) 55.9(9.9) 53(11.4) 0.118#

Baseline glycemia, (mean + SD) 135.3(64) 128.4(46.6) 139.3(72.3) 0.948#

Inclusion gycemia, (mean + SD) 235.7(37.9) 236.8(44.6) 235(33.6) 0.654#

Comorbities, n (%)

Previous AMI 20(21.1) 11(30.6) 9(15.3) 0.118*

Systemic arterial 
hypertension

63(66.3) 23(63.9) 40(67.8) 0.823*

Dyslipidemia 35(36.8) 12(33.3) 23(39) 0.664*

Active smoker 9(9.5) 3(8.3) 6(10.2) 1.000*

Chronic kidney disease 14(14.7) 4(11.1) 10(16.9) 0.557*

Atrial fibrillation 19(20) 8(22.2) 11(18.6) 0.793*

Diabetes 40(42.1) 13(36.1) 27(45.8) 0.397*

Previous cerebrovascular 
attack

6(6.3) 2(5.6) 4(6.8) 1.000*

Previous cardiac surgery, n (%) 12(12.6) 5(13.9) 7(11.9) 0.761*

Type of surgery, n (%)

MRI – Mammary 35(36.8) 13(36.1) 22(37.3) 1.000*

MRI – Saphenous 36(37.9) 13(36.1) 23(39) 0.830*

Valve – Mitral 26(27.4) 13(36.1) 13(22) 0.159*

Valve – Aortic 34(35.8) 11(30.6) 23(39) 0.509*

Aortic surgery 3(3.2) 3(8.3) 0(0) 0.052*

EC, n (%) 92(96.8) 34(94.4) 58(98.3) 0.555*

Time in EC, (mean + SD) 91.7(33.2) 89.5(37.7) 93(30.4) 0.809#

Time anoxic, (mean + SD) 68(26.5) 63.2(27.7) 70.9(25.5) 0.365#

Time in surgery, (mean + SD) 505.6(107.4) 519.1(127.8) 497.4(93.1) 0.629#

Transfusion of blood 
derivatives, n (%)

26(27.4) 12(33.3) 14(23.7) 0.348#

Use of VAs, n (%) 84(88.4) 35(97.2) 49(83.1) 0.047*

Dose of vasoactive agents

Dobutamine, mcg/kg/min 
(mean + SD)

6.8(5.8) 7.1(5.6) 6.6(5.9) 0.518#

Norepinephrine, mcg/kg/
min (mean + SD)

0.1(0.1) 0.1(0.1) 0.1(0.2) 0.218#

Diuresis, ml/kg/h (mean + SD) 2.6(1.4) 2.7(1.1) 2.6(1.5) 0.432#

Intraoperative HB, (mean + SD) 80.4(410.5) 37.5(15.6) 106.6(520.7) 0.610#

SAPS III at admission, (mean + SD) 33.5(5.8) 33.9(5.7) 33.3(6) 0.681#

SAPS III at discharge, (mean + SD) 9.6(6.5) 9.7(7.9) 9.6(5.7) 0.595#

SOFA after 24h of admission, 
(mean + SD)

11.8(1.2) 11.7(1.1) 11.8(1.3) 0.544#

SOFA at discharge, (mean 
+ SD)

1.8(1.3) 1.7(1.4) 1.8(1.3) 0.680#

n - absolute frequency; % - relative frequency; SD - standard deviation; LVEF - left ventricular 
ejection fraction; GFR - glomerular filtration rate; AMI - acute myocardial infarction; MRI - myocardial 
revascularization; EC- extracorporeal circulation; VA - vasoactive agent; HB- hydric balance; SAPS - 
simplified acute physiology score; SOFA - sequential organ failure assessment; * Pearson’s Chi-Square 
test; # Mann-Whitney test.

Table 2. Outcomes presented by patients undergoing glycemic 
control in the Intensive Group (IG) and the Conventional Group 
(CG) 

Outcome
Total

(n=95)
n(%)

IC
(n=36)
n(%)

CG
(n=59)
n(%)

p-value

Primary

AKI, n (%) 51(53.7) 22(61.1) 29(49.2) 0.294*

KDIGO Stage 1, n (%) 41(43.2) 17(47.2) 24(40.7) 0.670*

KDIGO Stage 2, n (%) 7(7.4) 3(8.3) 4(6.8) 1.000*

KDIGO Stage 3, n (%) 3(3.2) 2(5.6) 1(1.7) 0.555*

Secondary

Death, n (%) 5(5.3) 4(11.1) 1(1.7) 0.066*

Dialysis, n (%) 5(5.3) 3(8.3) 2(3.4) 0.364*

Recovery of renal function, n (%) 56(58.9) 15(41.7) 41(69.5) 0.010*

Hypoglycemia, n (%) 8(8.4) 5(13.9) 3(5.1) 0.151*

ICU discharge, n (%) 89(93.7) 31(86.1) 58(98.3) 0.028*

Hypoglycemia episodes, (mean + SD) 1.5(0.8) 1.6(0.9) 1.3(0.6) 0.731#

LOS-SICU, days (mean + SD) 4.7(3.5) 5.7(4.2) 4.2(3) 0.031#

LOS-Hospital, days (mean + SD) 11.7(8.8) 11.2(8.9) 12(8.8) 0.839#

n - absolute frequency; % - relative frequency; SD - standard deviation; AKI - acute kidney injury; ICU 
- intensive care unit; LOS-SICU - length of stay-surgical intensive care unit; LOS-Hospital - length of 
stay-Hospital; * Pearson’s Chi-Square test; # Mann-Whitney test.

Discussion

The main findings of this study demonstrate that 
the use of intensive glycemic control did not reduce 
the incidence of AKI when compared to conven-
tional glycemic control in adult patients undergo-
ing cardiac surgery, and that its use was associated 
with worse outcomes. Hyperglycemia is a common 
problem in the postoperative cardiac surgery peri-
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od, and an important risk factor for the develop-
ment of complications, including the risk of surgical 
wound infection, stroke, sepsis, need for prolonged 
mechanical ventilation, longer length of stay, and 
death.(6,18,20) It is known that a complex interaction 
between endogenous catecholamines, cytokines and 
the activation of the hypothalamic-pituitary-adre-
nal axis is involved in the pathogenesis of “stress 
hyperglycemia”, which results in excessive induc-
tion and secretion of cortisol and gluconeogenesis. 
Supposed pathophysiological mechanisms by which 
hyperglycemia can aggravate the outcomes include 
the promotion of oxidative stress pathways and the 
induction of inflammation. (21,22)

Because hyperglycemia is a potentially mod-
ifiable risk factor, it is fundamental to establish a 
protocol that implies greater postoperative control. 
Van den Berghe et al. (23) were the first researchers 
to investigate the effects of intensive GC in patients 
from SICU, and their findings showed a reduction 
in mortality and renal dysfunction in this group of 
patients in which the glycemic goal was 80 - 110 
mg/dL. Later, the same group of investigators eval-
uated the effect of the same intensive treatment 
protocol on patients in a clinical ICU, and likewise 
found a reduction in the incidence of renal dysfunc-
tion in that population.(5) In a more detailed eval-
uation of renal function in these two studies, the 
incidence of renal dysfunction was lower in patients 
who maintained a blood glucose < 110 mg/dL, and 
higher in those with a blood glucose level > 150 mg/
dL. In contrast, the intensive GC did not show a 
positive impact on the reduction of acute renal in-
jury in our study. While Van den Berghe considered 
renal dysfunction to be an increase in baseline cre-
atinine of > 2.5 mg / dL ,or as the need for dialysis, 
we used the most current definition for AKI, the 
KDIGO classification, that is a more sensitive tool 
for assessment of renal injury which enables earlier 
diagnosis, and supports a better comparison of the 
results from different studies.

Subsequent studies to reaffirm the effect of in-
tensive GC showed contradictory results. Two ran-
domized controlled trials, which examined the ef-
fect of intensive treatment (with a glycemic target 
between 80 - 110 mg/dL) compared to a conven-

tional protocol where the target was between 140 - 
180 mg/dL in intensive care units, were interrupted 
early due to safety issues related to the increased in-
cidence of severe hypoglycemia in patients allocat-
ed to the intensive treatment group.(24,25) Contrary 
to what was observed in these studies,  our study 
showed a similar number of episodes of hypogly-
cemia in the two groups: 1.6 + 0.9 vs. 1.3 + 0.6, 
p=0.731, respectively, in IG and CG patients. This 
demonstrates that, even with no impact on the pri-
mary outcome, the protocol used and hourly mon-
itoring of the blood glucose by the team of nurses 
involved in the research, corroborated to this aspect 
of safety. 

Another interesting finding of this study was that 
patients in the IG had lower SICU discharge frequen-
cy (p=0.028) and longer SICU stay (p=0.031), when 
compared with the CG. However, no difference was 
observed between groups in relation to mortality. 
These findings are in contrast to those published in 
the meta-analysis by Haga and colleagues (26), which 
identified that intensive GC was associated with a re-
duction in mortality up to 30 days after surgery, inci-
dence of atrial fibrillation, need for mechanical ven-
tilation, and ICU stay after cardiac surgery. However, 
this review has important limitations, among them: 
the reduced number of randomized clinical trials in-
cluded; small number of patients included in each of 
the studies evaluated; and important methodological 
differences between the studies regarding the defini-
tions used for intensive GC.

In a recent study, Giakoumidakis and his col-
leagues(27) randomized 212 patients into two GC 
protocols (one intensive and one control). The re-
sults showed that patients treated with the inten-
sive protocol had lower mortality rates (p=0.033). 
However, the glycemic target defined by these 
researchers as intensive was similar to that estab-
lished in our study for the conventional group (120 
- 160 mg/dL). In addition, the data published by 
Giakoumidakis  et al. contrast with those of the 
classic NICE-SUGAR study (28), which showed an 
association of intensive control with mortality in a 
multicenter clinical trial involving 6104 patients.

Several studies (29-32) have already demonstrated 
the association between hyperglycemia and acute 
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renal injury, although most of them use different 
definitions for AKI, ranging from small increases 
in serum creatinine to the need for dialysis. In our 
study, despite the high incidence of AKI in both 
groups, there was no significant difference between 
the groups, and the recovery of complete renal 
function was higher among those in the conven-
tional group (p=0.010). A possible explanation for 
this fact is that the use of higher doses of insulin to 
maintain a target of lower glycemia, as happened in 
the IG, implies a greater variation of glycemia and 
consequently an increase of oxidative stress.  Other 
studies have already demonstrated the relationship 
between oxidative stress and a higher incidence of 
AKI (12,33) , as well as delayed recovery of complete 
renal function and longer hospital stay .(30)

This study has implications for nursing prac-
tice, as the implementation of the protocol and the 
conduct of the research was done exclusively by 
specialist nurses, masters’ and doctorally prepared, 
with extensive experience in the area of cardiolo-
gy. This high degree of qualification of the profes-
sionals, and their involvement in the application of 
evidence-based practices, implies a higher quality 
of care provided to the patients, configured as ad-
vanced nursing practice.

This study has limitations. First, it is a sin-
gle-center study and the number of patients was 
relatively small. More importantly, although hard-
ly predictable, the number of serious renal events 
was less than expected. Second, it was not possible 
to conduct the study with a strict blindness of the 
researchers; because the dose of insulin required 
adjustment to achieve the target of each group, 
monitoring of blood glucose was necessary. Finally, 
this study involved only patients undergoing car-
diac surgery, and for this reason it is not possible 
to extrapolate the results obtained for patients un-
dergoing other types of surgical procedures, or even 
patients admitted to the general ICU.

Conclusion

Notwithstanding the safety of both protocols for 
GC used in this study, the impact of intensive GC 

on reducing the incidence of acute renal injury was 
not noted. The results indicate a relationship be-
tween conventional GC with higher frequencies of 
renal function recovery, episodes of hypoglycemia, 
and discharge from the ICU.
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