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ABSTRACT

Objective: To identify the incidence of glycemic variability in the immediate
postoperative period among adult and older patients undergoing cardiac surgery.
Methodology: An observational, longitudinal, quantitative study conducted at a large
teaching hospital in the interior of the state of Rio Grande do Sul, Brazil. Patients aged
: - 18 years or older who were hospitalized during the preoperative period of elective
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o cardiac surgery were included. Data collection took place from March to November
Received: 02/06/2026 . : o ) Lo !
. 2024 using a structured questionnaire in three stages: preoperative, intraoperative, and
Accepted: 04/17/2026 immediate postoperative periods. Data analysis was performed using simple
descriptive and inferential statistics. Results: The study included 109 participants,
mostly male (66.1%). The most frequently performed surgery was valve replacement
(51.4%). An incidence of hypoglycemia of 2.8% and hyperglycemia of 76.1% was

Corresponding author: identified, with a median immediate postoperative period blood glucose level of 169.0
Thais Dresch Eberhardt. mg/dL. Conclusion: An incidence of hypoglycemia of 2.8% and hyperglycemia of
thaiseberhardt@gmail.com 76.1% was identified among adults and older patients undergoing cardiac surgery in

the immediate postoperative period.
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REsumo

Objetivo: Identificar a incidéncia de alteragées glicémicas no pos-operatorio imediato
em pacientes adultos e idosos submetidos a cirurgia cardiaca. Metodologia: Estudo
observacional, longitudinal e quantitativo, realizado em um hospital escola de grande
porte do interior do estado do Rio Grande do Sul. Foram incluidos pacientes com idade
igual ou maior que 18 anos e internados durante o pré-operatério da cirurgia cardiaca
eletiva. A coleta de dados ocorreu de margo a novembro de 2024, utilizando um
questionario estruturado em trés etapas: periodo pré-operatorio, intraoperatorio e pos-
operatério imediato. A analise foi realizada por meio de estatistica descritiva simples e
inferencial. Resultados: Foram incluidos 109 participantes, sendo a maioria do sexo
masculino (66,1%). Identificou-se que a cirurgia mais realizada foi a de troca valvar
(51,4%). Identificou-se incidéncia de hipoglicemia de 2,8% e hiperglicemia de 76,1%,
sendo a glicemia mediana no pos-operatorio imediato de 169,0 mg/dL. Conclusao:
Identificou-se uma incidéncia de hipoglicemia de 2,8% e hiperglicemia de 76,1% em
adultos e idosos submetidos a cirurgia cardiaca.

DESCRITORES:
Controle Glicémico; Hiperglicemia; Hipoglicemia; Cirurgia Toracica; Complicagtes
Pés-operatorias.

RESUMEN

Objetivo: Identificar la incidencia de las alteraciones glucémicas en el periodo
postoperatorio inmediato en adultos y adultos mayores sometidos a cirugia cardiaca.
Metodologia: Estudio observacional, longitudinal y cuantitativo, realizado en un
hospital universitario de gran porte del interior del estado de Rio Grande do Sul, Brasil.
Se incluyeron pacientes con edad igual o superior a 18 afios, hospitalizados durante
el periodo preoperatorio de cirugia cardiaca electiva. La recoleccion de datos se llevd
a cabo entre marzo y noviembre de 2024, utilizando un cuestionario estructurado en
tres etapas: preoperatoria, intraoperatoria y postoperatoria inmediata. El analisis se
realizd mediante estadistica descriptiva simple e inferencial. Resultados: Se
incluyeron 109 participantes, en su mayoria de sexo masculino (66,1%). La cirugia
mas realizada fue el reemplazo valvular (51,4%). Se identificé una incidencia de
hipoglucemia del 2,8% e hiperglucemia del 76,1%, con una glucemia mediana en el
postoperatorio inmediato de 169,0 mg/dL. Conclusidn: Se identifico una incidencia de
hipoglucemia del 2,8% e hiperglucemia del 76,1% en adultos y adultos mayores
sometidos a cirugia cardiaca en el postoperatorio inmediato.

DESCRIPTORES:
Control Glucémico; Hiperglucemia; Hipoglucemia; Cirugia oracica; Complicaciones
Posoperatorias.

INTRODUCTION

Cardiac surgery, especially when performed with extracorporeal circulation (ECC), represents a
highly complex procedure associated with physiological and metabolic aggression(). Surgery activates
the release of stress hormones, such as glucagon, cortisol, growth hormone, and epinephrine, and
inflammatory cytokines, which promote insulin resistance and dysregulation of glucose metabolism(@.

In this context, stress hyperglycemia stands out, which is considered a metabolic condition that
occurs in response to critical situations, such as surgeries, infections, or inflammations(@. This is a
common metabolic alteration in patients undergoing ECC, occurring in more than half of patients
undergoing cardiac surgery®), with hospital hyperglycemia defined by capillary or plasma glucose levels
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greater than 140 mg/dL®), and it is recommended to optimize glycemic control in patients with a prior
diagnosis of diabetes in the preoperative period®).

In addition to isolated hyperglycemia, acute glycemic variability in the postoperative period of
cardiac surgery represents a significant concern due to its association with worse clinical outcomes,
including myocardial infarction, pneumonia, stroke, renal failure, surgical site infection, and valvular
dysfunction®). Furthermore, these glycemic alterations can increase the risk of death in the postoperative
period©8), up to one year after cardiac surgery(-9).

Although the importance of adequate management of hyperglycemia is recognized, it is
emphasized that the treatment of this condition itself can trigger episodes of hypoglycemia. In this context,
treatment protocols conducted by nursing staff play an important role in the intensive care unit (ICU)
environment, by promoting the reduction of glycemic variability and mitigating the risk of hypoglycemia('),

Despite the role of nursing in this context, a qualitative study with 27 nursing professionals
working in the ICU identified that one of the critical issues in relation to specific patient care in the
postoperative period of cardiac surgery is the recognition of complications in the immediate postoperative
period (IPP)("). It is emphasized that nursing care directed to the care of patients undergoing cardiac
surgery is an important measure for the prevention and control of complications, in addition to contributing
to the promotion of safe practices('2).

Therefore, understanding the incidence of glycemic changes in the immediate postoperative
period is important for the development of safe and effective clinical protocols in patients undergoing
cardiac surgery. Additionally, the recent meta-analysis that evaluated the association between acute
glycemic variability and in-hospital outcomes of patients after cardiac surgery indicated that further studies

on the subject are still needed(®).

OBJECTIVE
To identify the incidence of glycemic changes in the immediate postoperative period in adult and

elderly patients undergoing cardiac surgery.

METHODS
Study design, site and period

This is an observational, longitudinal, and quantitative study, developed according to the
recommendations of the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) initiative(3). The research was carried out in a large, philanthropic university hospital located
in the interior of the state of Rio Grande do Sul, regionally recognized for performing highly complex
procedures, with emphasis on the area of hemodynamics and cardiac surgery. Data collection for the
matrix project was carried out from March to November 2024.
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Sample

Sample size calculation was performed using Epi Info™ software version 7.2.5.0, considering a
statistical power of 80%, a significance level of 95% (a < 0.05), a reference population of 202 patients
(number of individuals undergoing cardiac surgery at the institution between August 2022 and August
2023), an expected frequency of complications of 58.0%('4), and a margin of error of five percentage
points. The estimated minimum sample size was 89 patients, to which 30% were added to compensate

for potential losses, totaling 116 participants.

Inclusion and exclusion criteria

The study included patients aged 18 years or older who were hospitalized in the preoperative
period for elective cardiac surgery. Pregnant women or those suspected of being pregnant were excluded,
as were patients who had difficulties with verbal communication without the presence of a companion or

who had an altered level of consciousness without a companion.

Study protocol

For data collection, a structured questionnaire was used in three stages: preoperative
(anamnesis to identify comorbidities, clinical history, and risk factors), intraoperative (procedure data,
surgery time, and cardiopulmonary bypass time), and postoperative (IPP — 24 hours after surgery
(occurrence of glycemic changes)). For the assessment of body mass index (BMI), participants were
categorized as having adequate weight (18.5 to 24.9 kg/m?) and overweight (=25.0 kg/m?) (15), Regarding
the American Society of Anesthesiologists (ASA) surgical risk assessment, participants were classified
according to the recommendations of that society('6),

Regarding age, participants were categorized as adults (up to 59 years) and elderly (60 years of
age and older). Regarding surgery time, this was categorized from a cutoff point of 4.5 hours. Regarding
ECC time, this was categorized from a cutoff point of 70 minutes. It is known that ECC time is associated
with postoperative organ dysfunction and is common after cardiac surgery(7).

In this study, the outcomes analyzed were the incidence of hypoglycemia and hyperglycemia in

the postoperative period, calculated using the formulas presented below:

Number of participants with hypoglycemia

Incidence of hypoglycemia = x100%

Number of participants in the survey

Number of participants with hyperglycemia

x100%

Incidence of hyperglycemia =

Number of participants in the survey

Capillary blood glucose was monitored every two hours, according to institutional protocol. All
participants remained fasting during the immediate postoperative period, in accordance with hospital

routine.
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Hyperglycemia was defined by the presence of capillary or plasma blood glucose greater than
140 mg/dL and hypoglycemia was defined by the presence of blood glucose values less than 100 mg/dL®)
in at least one of the measurements in 24 hours. These values were adopted based on evidence that
recommends glycemic targets between 100 and 140 mg/dL for hyperglycemic patients without a prior

diagnosis of diabetes mellitus in the perioperative period(®).

Results and statistical analysis

The data obtained during data collection were entered independently in two separate entries in
Microsoft Office Excel®. For data analysis, the free software Jamovi version 2.6.44 was used. The data
were analyzed using simple descriptive statistics; quantitative variables were described using measures
of central tendency (mean or median) and dispersion (standard deviation or interquartile range), according
to the coefficient of variation; qualitative variables were described using absolute (n) and relative (%)
frequencies.

Subsequently, inferential statistical analysis was performed to assess the association of
independent variables with the incidence of hypoglycemia and hyperglycemia using the Chi-square test
or Fisher's exact test (expected value less than five in at least one cell). A significance level of 5% was

considered for all analyses.

Ethical aspects

The matrix research project entitled “Complications in the Immediate Postoperative Period in
Adult and Elderly Patients Undergoing Cardiac Surgery” was approved by the Research Ethics Committee
(REC) under opinion number 6.744.804 and Certificate of Presentation for Ethical Review (CAAE)
77952224.7.0000.5342. To comply with the General Data Protection Law (GDPL), patient data were
treated with confidentiality and respect for privacy. The research followed the ethical guidelines of the
National Health Council (NHC) Resolution No. 466/2012, including the Informed Consent Form (ICF).

RESULTS
A total of 123 patients were assessed for eligibility during the data collection period. Of these,

nine were excluded due to meeting exclusion criteria: four due to emergency surgery, four due to refusal
to participate in the research, and one due to the impossibility of completing the informed consent form.
Five were considered losses to follow-up because they did not undergo cardiac surgery; of these, three
had surgery suspended, one had a surgical contraindication, and one opted for angioplasty. In the end,
109 patients were included in the analysis, as shown in the participant selection flowchart (Figure 1).
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Figure 1. Flowchart for the selection of study participants. Rio Grande do Sul, Brazil, 2024

Assessed for eligibility: n=123
Excluded (n=9)
Emergency surgery (n=4)

Did not acceptto participate in the
research (n=4)
Impossibility to apply the ICF
(n=1)

Exclusion

Inclusion Included n=114

Loss of follow-up (n=5)
Suspended surgery (n=3)
Follow-up Surgical contraindication (n=1)
Opted to undergo coronary

angioplasty (n=1)

Analysis Analyzed: n=109

Most participants were male (n=72; 66.1%), white (n=96; 88.1%), with a median age of 65.0 years
(Table 1).

Table 1. Distribution of sociodemographic variables of patients undergoing elective cardiac surgery. Rio
Grande do Sul, Brazil, 2024. n=109

Variables n (%)
Sex
Female 37 (33.9%)
Male 72 (66.1%)
Race
White 96 (88.1%)
Brown 7 (6.4%)
Black 5 (4.6%)
Yellow 1(0.9%)
Variables Median + IQ (min.-max.)
Age (complete years) 65.0 + 17.0 (28.0-83.0)

|Q - Interquartile range; min. — minimum value; max — maximum value.

Table 2 presents the distribution of clinical variables. It was identified that the majority of
participants were sedentary (n=86; 78.9%) and hypertensive (n=82; 75.2%), with a significant portion
being overweight (n=78; 71.6%). Furthermore, 35.7% presented with dyslipidemia (n=39) and 29.4% with
diabetes mellitus (n=32). The most frequently performed surgery was valve replacement (n=56; 51.4%),
with a mean duration of 4.5 hours, a median cardiopulmonary bypass (CPB) time of 81.7 minutes, an
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ASA Il surgical risk score (n=53; 48.6%), and they used norepinephrine postoperatively (n=80; 73.4%).

The median postoperative blood glucose level was 169.0 mg/dL.

Table 2. Distribution of clinical variables in patients undergoing elective cardiac surgery. Rio Grande
do Sul, Brazil, 2024. n=109

Variables n (%)
Life habits
Smoking 38 (34.9%)
Alcoholism 17 (15.6%)
Sedentary lifestyle 86 (78.9%)
Comorbidities
Arterial Hypertension 82 (75.2%)
Diabetes Mellitus 32 (29.4%)
Dyslipidemia 39 (35.8%)
BMI Classification
Adequate weight (18.5 - 24.9 Kg/m?) 31(28.4%)
Overweight (= 25 Kg/m?) 78 (71.6%)
Type of surgery
Valve Replacement 56 (51.4%)
IAC correction 4 (3.7%)
IVC correction 7 (6.4%)
PFO correction 2(1.8%)
MRS 53 (48.6%)
ASA surgical risk score
ASA | 10 (9.2%)
ASA I 53 (48.6%)
ASAIIl 20 (18.3%)
ASA IV 26 (23.9%)
IPP use of norepinephrine 80 (73.4%)
Variables Median £ 1Q (min.-max.)
Time of ECC (minutes) 81.7+ 28.0 (28.0-83.0)
Glicemia (em mg/dL) 169.0£61.0 (53.0-404.0)

BMI — Body Mass Index; IAC - Interatrial communication; IVC —Interventricular communication; PFO - Patent
foramen ovale; MRS — Myocardial revascularization surgery; ASA — American Society of Anesthesiologists; IPP -
Immediate postoperative period; ECC — Extracorporeal circulation. IQ — Interquartile range; min. — minimum value;

max — maximum value.

An incidence of hypoglycemia in the IPP of 2.8% (n=3) and hyperglycemia of 76.1% (n=83) was
identified. Due to the low incidence of hypoglycemia, inferential analysis was performed only in relation
to the occurrence of hyperglycemia (yes/no). Although there was no statistically significant association
between diabetes mellitus and the occurrence of hyperglycemia, the incidence was 78.1% (n=25) among

diabetics and 75.3% (n=58) among non-diabetics.

=

Cl_ll/ R. Enferm. UFJF. 2026; 12(1): 1-15



Table 3 presents the factors associated with the incidence of hyperglycemia in the POl in patients
undergoing elective cardiac surgery. There was no statistically significant association between

independent variables and the incidence of hyperglycemia in the IPP.

Table 3. Factors associated with the incidence of hyperglycemia in patients undergoing elective cardiac
surgery. Rio Grande do Sul, Brazil, 2024. n=109

Variables Hyperglycemia p-value*
Yes No
n (%) n (%)
Sex
Female 27 (32.5%) 10 (38.5%) 0.577
Male 56 (67.5%) 16 (61.5%) '
Age
Adult 27 (32.5%) 12 (46.2%) 0.206
Elder 56 (67.5%) 14 (53.8%) '
BMI
Adequate weight (18.5 - 24.9 Kg/m?) 26 (31.3%) 5(19.2%) 0.233
Overweight (= 25 Kg/m2) 57 (68.7%) 21 (80.8%) '
Smoking
Yes 28 (33.7%) 10 (38.5%) 0.659
All\loh |' 55 (66.3%) 16 (61.5%) '
coholism
- T ORI
0 A 070
Sedentary lifestyle
No B 65 0674
0 3% A% '
Arterial Hypertension
5 ol B
0 () .J7
Diabetes Mellitus
Yes 25 (30.1%) 7 (26.9%) 0.755
DNOI' o 58 (69.9%) 19 (73.1%)
yslipidemia
s g ImM o
0 4/ 17
Use of norepinephrine
Yes 62 (74.7%) 18 (69.2%) 0.582
SNO . 21 (25.3%) 8 (30.8%)
urgery time
<4.5 hours 32 (38.6%) 13 (50.0%) 0.301
T'Z 4.5fhggré 51(61.4%) 13 (50.0%) '
ime 0
<70 minutes 16 (19.3%) 6 (23.1%) 0.674
> 70 minutes 67 (80.7%) 20 (76.9%) '

* Chi-square test or Fisher's exact test; p-value significant at a significance level of 5%; BMI — Body mass index;
ECC - Extracorporeal circulation.
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DISCUSSION

Postoperative hyperglycemia is prevalent. One study demonstrated an incidence of dysglycemia
of 48.72%(1®), making it one of the main complications in patients undergoing cardiac surgery. These
findings corroborate the results of the present study, in which an even higher incidence of hyperglycemia
was identified, reaching 76.1%, indicating a significant impact of endocrine changes in this clinical context.
In addition, higher levels of glycemic variability may be associated with a higher risk of mortality().

In this sense, the literature shows that postoperative hyperglycemia not only occurs with high
frequency, but is also associated with unfavorable clinical outcomes, including a higher incidence of acute
kidney injury, delirium and pulmonary infection, as well as longer duration of mechanical ventilation, longer
stay in the intensive care unit, prolonged hospital stay and increased mortality rate®).

A low incidence of hypoglycemia was identified in the immediate postoperative period (2.8%), in
contrast to the high frequency of hyperglycemia. This finding may be related to the adoption of less
aggressive glycemic targets and frequent glycemic monitoring in the postoperative period, strategies that
reduce the risk of sharp drops in glucose. Although hypoglycemia is less frequent, it is a clinically relevant
event due to its association with mortality in critically ill patients('9).

The clinical profile identified among the study participants, marked by the predominance of
hypertensive (75.2%), sedentary (78.9%) and overweight (71.6%) patients, is consistent with a higher
metabolic risk. These factors are known to be related to the occurrence of hyperglycemia@0.21). Although
no statistically significant association was observed between these variables, there is clinical plausibility
that supports the relationship between this clinical profile and the greater propensity for glycemic changes
in the postoperative period.

Although 29.4% of the sample had a prior diagnosis of diabetes mellitus, no statistically significant
association was observed between diabetes and the occurrence of hyperglycemia in the postoperative
period. It is noteworthy that the incidence of hyperglycemia was similar between diabetic (78.1%) and
non-diabetic (75.3%) patients, showing that the glycemic elevation was not restricted to the presence of
previous disease. Thus, the results suggest that hyperglycemia in the IPP constitutes a pathophysiological
response to surgical stress, regardless of a prior diagnosis of diabetes, reinforcing the hypothesis of stress
hyperglycemia.

Furthermore, it is important to highlight that cardiac surgery is associated with hyperglycemia in
non-diabetic patients due to several factors. Among these, the use of gluconeogenic drugs
(catecholamines), desensitization of insulin receptors, administration of exogenous glucose, hyperoxia,
hypothermia, use of exogenous heparin, hemodilution, and hypoperfusion during ECC stand out(2),

Although there was no statistically significant association, 73.4% of patients used norepinephrine

in the immediate postoperative period, a common practice in cardiac surgery. The literature indicates that
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its use is associated with greater clinical severity and a higher incidence of serious postoperative
complications, making it a risk marker(23. Under physiological conditions, norepinephrine increases
energy metabolism, stimulates glucose release by glycogenolysis and gluconeogenesis, and inhibits the
action of insulin on glycogenesis(4).

Hyperglycemia in the postoperative period has been associated with adverse outcomes, including
higher rates of postoperative infections in cardiac surgery@), including surgical site infection(-27),
Although this outcome was not evaluated in the present study, its clinical relevance reinforces the
importance of glycemic monitoring in the postoperative period.

The glycemic target adopted in this study (100-140 mg/dL) is within a narrower control range
when compared to current recommendations in the perioperative period®). It is worth noting that the
probability of hypoglycemia increases significantly when glycemic targets are more aggressive, and is
associated with unfavorable clinical outcomes and mortality(2®),

The median blood glucose level identified (169 mg/dL) is above the therapeutic target established
in the study (100-140 mg/dL), suggesting suboptimal glycemic control from this perspective. However,
this value is within the ranges currently recommended by the guidelines (140-180 mg/dL) during the
perioperative period®), indicating that, although the strict target was not reached, the observed glycemic
levels remained within a range considered safe in the context of the risk of hypoglycemia associated with
more intensive control strategies.

Glycemic control can be used as an indicator of quality of care in intensive care units, since
mortality@). In this context, the role of the nurse in conducting glycemic management in ICUs is
highlighted, with this action being associated with a reduction in glycemic variability and a decrease in the
incidence of hyperglycemia and hypoglycemia().

Most management protocols are based on continuous intravenous insulin infusion and include
strategies for managing hypoglycemia, as well as establishing monitoring intervals that can vary from 15
minutes to four hours, depending on the type of protocol adopted®0. Therefore, it is important to improve
the knowledge levels of ICU nurses regarding glycemic management of critically ill patients, through
training and the development of protocols?).

Study Limitations

Among the main limitations of the present study, the following stand out: the analysis of data from
an already established database, which prevented the collection of other variables of interest; the absence
of control for possible confounding factors, such as the use of specific medications and previous glycemic
control; the analysis restricted to the immediate postoperative period, without longitudinal follow-up to
assess the persistence or evolution of glycemic changes.

Moreover, the absence of statistically significant associations in the bivariate analysis limited the
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identification of variables with potential for inclusion in a multivariate model. Therefore, it was decided not
to perform logistic regression, which may have restricted the adjustment for possible confounding factors

and the identification of independent associations between the variables analyzed.

Contributions for the Nursing Area, Health or Public Policy

The results of this study contribute to the fields of nursing, health, and public policy by highlighting
the high incidence of hyperglycemia in the immediate postoperative period of patients undergoing elective
cardiac surgery, even in the absence of prior diabetes, reinforcing the need for systematic and continuous
glycemic monitoring as an essential component of perioperative care in cardiac surgery.

For nursing, the findings strengthen the nurse's role in clinical surveillance, early identification of
metabolic changes, and implementation of evidence-based care protocols aimed at preventing
complications and ensuring patient safety. In the health field, the data support the organization of more
integrated care practices between hemodynamic and metabolic control, while, from the perspective of
public policy, they offer evidence for improving institutional guidelines and strategies aimed at improving
the quality of care in highly complex services, with a potential impact on reducing complications, length

of stay, and healthcare costs.

CONCLUSION

The study identified an incidence of hypoglycemia of 2.8% and hyperglycemia of 76.1% in adults
and elderly patients undergoing cardiac surgery. Most patients were male, white, and had a history of
sedentary lifestyle, hypertension, and were overweight. There was no statistically significant association
between diabetes mellitus and the incidence of hyperglycemia in the postoperative period.

Future studies should include longitudinal assessments to investigate the evolution of glycemic
changes in the postoperative period and their relationship with clinical outcomes, investigations that
include additional clinical variables, specific analyses in subgroups with and without a prior diagnosis of
diabetes mellitus, in order to better understand the factors associated with hyperglycemia or glycemic

changes in different patient profiles.
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