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INTRODUCTION

Yekbun Bulun,’

Fulya Ciyiltepe,?> ® Kemal Tolga Saracoglu?®

ABSTRACT

Obijective: Blood glucose dysregulation is independently associated with mortality and
morbidity in critically ill patients. However, it is difficult to keep glycemic control at targeted
levels in diabetic and non-diabetic patients in intensive care units (ICU). A point prevalence
study was planned to evaluate glycemic control in patients treated in the tertiary ICU. Ethics
committee approval was obtained before starting the study.

Methods: The demographic data of the patients, their characteristics at the time of ad-
mission, intensive care follow-up and treatment, the nutrition method, and the parameters
related to glycemic control were recorded.

Results: On the study day, a total of 107 patients, 35 of whom were COVID (C-ICU) and
72 were in the non-Covid ICU (NC-ICU), were included in the study. 47.6% of the patients
were male and 29.9% had a diagnosis of diabetes mellitus (DM). The mean blood glucose
value of the patients was measured as |58 mg/dL and glycemic dysregulation (4.7% hypogly-
cemia and 25.2% hyperglycemia) was detected in 29.9% of all patients. Blood glucose levels
were unregulated in 28.6% (n=10) of the patients in C-ICU and 30.5% (n=22) patients in
NC-ICU. The patients with regulated blood glucose were similar between the two groups
(p=0.510). A statistically significant correlation was found between the patients’ unregulated
blood glucose levels and the presence of DM (p=0.05).

Conclusion: The idea that a certain glucose target may not always be optimal for all pa-
tients and that individualized glucose control is currently being discussed. We believe that
blood glucose algorithms are necessary in ICUs without putting patients into hypoglycemia
or hyperglycemia in routine follow-up.

the most diagnosed comorbidities in patients admitted
to the ICU. Hyperglycemia that develops during the fol-

Blood glucose regulation, hyperglycemia, and hypoglyce-
mia are important problems we encounter in intensive
care units (ICU). Hyperglycemia disrupts the metabolic
balance of the patients and has a negative impact on the
healing process. Apart from metabolic disorders, hypergly-
cemia delays the recovery time of clinical manifestations
such as bloodstream infections and decubitus. In addition,
it causes adverse side effects such as deterioration in flu-
id balance, immunosuppression, increased inflammation,
impaired leukocyte functions, a tendency to thrombosis,
and endothelial dysfunction.'? Hypoglycemia, on the
other hand, causes dysfunction of vital organs, especial-
ly the brain and heart.34 Cardiac arrhythmia and/or in-
farction due to insufficient nutrition of the myocardium
and a transient ischemic attack in the brain are important
undesirable conditions. Diabetes mellitus (DM) is one of

low-up of inpatients may be due to diabetes as well as
non-diabetic causes. “Stress hyperglycemia” is one of the
common causes of hyperglycemia in non-diabetic patients.
Bl In healthy individuals, plasma glucose levels are kept in
a very narrow range by the release of insulin and count-
er-regulatory hormones (glucagon, epinephrine, cortisol,
and growth hormone). In stressful situations, there is an
increase in counter-regulatory hormones, which increase
hepatic glucose production and decrease glucose utiliza-
tion by peripheral tissues, causing hyperglycemia.l'l Stress
hyperglycemia develops due to stress during acute illness,
and blood glucose returns to normal after the cause of
stress is eliminated.

There are many factors that increase the susceptibility to
hyperglycemia in intensive care patients; use of vasopres-
sor agents, enteral and parenteral nutrition, glucose-con-
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taining IV infusions, immobilization, and steroid use.! In
the literature, there are many studies showing that hyper-
glycemia in intensive care patients is a major risk factor
for increased morbidity and mortality.*! For this reason,
the necessity of strict glycemic control (110-140 mg/dL)
in ICUs has been emphasized for a long time. However,
because of this, hypoglycemia attacks started to be seen
more frequently, and there was feedback on this issue.]
A major study was started in 2009, and it changed the
perspective on the necessity of tight glycemic control. In
the NICE-SUGAR study, it was shown that strict glycemic
control adversely affected mortality and even increased
mortality (17%) due to episodes of hypoglycemia.l'

As a result, it is important to prevent the occurrence of
hyperglycemia and hypoglycemia and to treat them early
when they develop. In this study, we aimed to determine
the blood glucose regulation status of the patients in the
ICUs of our hospital by performing a point prevalence
study. A secondary outcome was to increase our clinical
awareness and evaluate our own approach.

MATERIALS AND METHODS

Data Collection

The study was conducted in the 140-bed Anesthesiology
and Reanimation ICU. ICUs consist of nine units, one of
which is the COVID ICU. The protocol was approved by
the Dr Lutfi Kirdar Training and Research Hospital Ethics
Committee [2022/514/218/32]. The study was conducted
in accordance with the principles of the Declaration of
Helsinki.

Patients, who were hospitalized in the ICU for more than

24 h, were over |8 years old, were not pregnant, had no
brain death, and were hospitalized for reasons other than
acute complications of diabetes (diabetic ketoacidosis, hy-
poglycemia, and nonketotic hyperosmolar hyperglycemic
coma) were included in the study. Data were collected
from the computer-based patient registry system and pa-
tient files.

Variables of interest included demographic variables
(age, gender), reasons for admission, illness severity on
admission Acute Physiology and Chronic Health Evalua-
tion-APACHE II- score and Sequential Organ Failure as-
sessment-SOFA-score in the first 24 h in the ICU, length
of stay, and advanced clinical interventions received in the
ICU (vasoactive medications, mechanical ventilation, con-
tinuous renal replacement therapy [CRRT]).

Variables of interest are patients’ blood glucose level mon-
itoring included presence of DM, use of steroid, inotropic,
and insulin therapy, dietary patterns, the highest and low-
est blood glucose levels on the working day, the number
of patients with hypoglycemia (<60 mg/dL) on that day, the
number of patients with hyperglycemia (>180 mg/dL) and
the total number of dysregulated patients.

The Design and Setting of the Study

There are several rules we pay attention to and an “insu-
lin protocol” we apply to ensure glucose monitoring and
regulation in the ICU. All patients’ blood glucose values
are kept between 140 and 180 mg/dL. These values were
determined based on the Canadian Diabetes Associa-
tion Clinical Practice Guidelines Expert Committee, the
American Association of Clinical Endocrinologists and
American Diabetes Association consensus report, and the
NICE-SUGAR trial of the Surviving Sepsis Campaign.['*'2

Figure 1. Flowchart
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Figure 2. Distribution of patients according to the route of admission (A) According to the reasons of admission (B)

In the ICU, glucose monitoring and treatment are per-
formed by nurses working in the unit. The nurse-to-pa-
tient ratio in these units is |:2 across all shifts. In patients
who require insulin therapy, insulin administration in the
ICU is administered intravenously with a perfuser as pure
crystalline insulin. In patients whose blood glucose values
are stable at the desired levels, blood glucose monitoring
is performed at 4-h intervals. Blood glucose monitoring
is more frequently performed in patients who are start-
ed on steroids, who develop sepsis or septic shock, who
are started on vasopressors, whose nutrition is started or
whose contents and routes are changed, who are started
on renal replacement therapy, or who develop acute liver
failure. Values of 60 mg/dL and below were accepted as
hypoglycemia. Blood glucose measurement is usually done
at the bedside, using capillary blood and a glucometer
(GlucoDr SuperSenso). In patients with abnormal values,
blood glucose values are compared with the study of the
venous blood sample in the hospital central laboratory.

Statistical Analysis

All statistical analyses were performed using the SPSS
(Statistical Package for Social Sciences) software, version
21.0 (IBM Corp., Armonk, NY). Quantitative variables
expressed as meantstandard deviation, were compared
using the One-way ANOVA test. The qualitative variables
were expressed in percentages and compared using either
the chi-square test or Fisher’s exact test. The Pearson’s
correlation analysis was used to determine the relation-
ship between the glucose regulation results and the vari-
ables. A p<0.05 was considered statistically significant.

RESULTS

On the study day, 132 patients were hospitalized in the
ICU, 107 patients (Covid ICU [C-ICU] n=35 and non-
Covid ICU [NC-ICU] n=72) met the criteria for this study
and were included in the study (Figure 1).

The mean age of the patients was 60+ 14.6 years and 47.6%
(n=51) were male. 48.6% of the patients were hospitalized
from the emergency department, and the most common
reason for admission to the ICU was pulmonary causes

(32%) (Figure 2). The average number of ICU days of the
patients was 9 (4—14) days. 59.8% (n=64) of the patients
were receiving invasive mechanical ventilation support,
35.5% (n=38) were receiving inotropic support, and 9.3%
(n=10) were receiving CRRT support. Considering their
diet, 11.2% were fed orally, 12.1% with percutaneous en-
doscopic gastrostomy, 43.9% with Nasogastric tube, and
8.4% with total parenteral nutrition (Table 1).

The characteristics of the patients regarding glycemic con-
trol on the study day are presented in Table 2. Among
them, 29.9% of the patients had a diagnosis of DM, 9.3%
were receiving insulin infusion therapy and 12.1% were
receiving long-acting insulin therapy. Hyperglycemia was
detected in 25.2% of all patients, hypoglycemia in 4.7%,
and glycemic dysregulation in 29.9% in total. The mean

Table I. Demograhic and clinical characteristics of pa-
tients (n=107)
Variables Results
Age, year (meantSD) 60+14.6
Gender, n (%)
Male 51 (47.6)
Female 56 (52.4)
LOS, days 9 (4-14)
APACHE I 21.2 £3.6
SOFA 5.7+13
Requirement of ALS, n (%)
MV 64 (59.8)
Vasoactive support 38 (35.5)
CRRT 10 (9.3)
Nutritional status, n (%)
Oral 12 (11.2)
PEG 13 (12.1)
NG 47 (43.9)
TPN 9 (84)

APACHE II: Acute physiological and chronic health score; ICU: Inten-
sive care unit; LOS: Length of stay in ICU (The day of study); ALS: Ad-
vanced life support; NG: Nasogastric; PEG: Percutaneous endoscopic
gastrostomy; TPN: Total parenteral nutrition.
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Table 2. Glycemic characteristics of patients (n=107)
Variables Results n (%)
DM 32 (29.9)
Hyperglycemia 27 (25.2)
Hypoglycemia 5(4.7)
Dysregulation 32 (29.9)
Insulin infusion 10 (9.3)
Long-acting insulin 13 (12.1)
Steroid replacement 24 (22.4)

blood glucose value of the patients was measured as 158
mg/dL. All the patients who developed hypoglycemia were
on insulin therapy.

In the ICUs, total of 32 patients (29.9) had dysregulate (hy-
perglycemic or hypoglycemic) blood glucose levels. 28.6%
(n=10) of these patients were in the C-ICU and 30.5%
(n=22) of them were in the NC-ICU. There was no sig-
nificant difference in blood glucose dysregulation between
the two groups (p=0.510) (Table 3).

According to the Pearson correlation analysis, a significant
correlation was found between the presence of diabetes
and dysregulation in patients (p=0.05), and there was no
statistically significant correlation between other parame-
ters and dysregulation.

DISCUSSION

In the literature, it was seen that there are many studies
and meta-analyses with different results investigating the
range of blood glucose levels and the effect of dysregu-
lation on patient outcomes. The first study studying the
effect of intensive insulin therapy on morbidity and mor-
tality in critically ill patients was Van den Berghe’s study in
surgical intensive care patients in 2001. In this study, it was
shown that mortality in ICUs decreased in patients who

were treated with intensive insulin for strict blood glu-
cose control.l'¥l As a result of these positive results, many
centers started to implement strict glucose control pro-
tocols and shared the results with the literature. With the
widespread use of this approach, some meta-analyses have
shown that strict glucose control leads to the opposite
effects.' Two multicenter, randomized controlled trials,
VISEP and GLUCONTROL, were terminated due to fre-
quent hypoglycemial'>'¥l In the same period, the results of
the NICE-SUGAR study were shared with the literature.
In this multicenter study, blood glucose level was kept be-
tween 81—108 mg/dL in the group receiving intensive insu-
lin therapy, and 180 mg/dL and below in the conventional
treatment group, and 90-day mortality was higher in the
group receiving intensive insulin therapy (27.5% vs. 24.9%;
OR: 1.14% 95% CI 1.02-1.28; p=0.02). This study recom-
mended that blood glucose should not be lowered below
110 mg/dL in critically ill patients and should be kept be-
tween 140 and 180 mg/dL.'"? In our study, we aimed to
keep the blood glucose values of the patients between
140 and 180 mg/dL according to our clinical practice and
observed the results in terms of dysregulation. Our re-
sults showed that less than half of the patients had blood
glucose levels outside the aimed glucose range, and only
29.9% of all patients developed glycemic dysregulation,
the majority of which was in the form of hyperglycemia
(25.2%). For this reason, the standard insulin protocol we
currently use has been redesigned and updated to two dif-
ferent level protocols, the “high insulin protocol” and “low
insulin protocol.”

It was found that hypoglycemia developed at a rate of 4.7%
in our study. All these patients were NC-ICU patients re-
ceiving insulin infusion. To avoid the side effects secondary
to hypoglycemia, especially in patients receiving insulin in-
fusion, it was thought that more strict blood glucose mon-
itoring and treatment should be considered.

DM is one of the common comorbidities in COVID-19
patients, but there is not yet enough evidence-based data

Table 3. Glycemic characteristics of patients in Covid-ICU and non-Covid ICU
Variables C-ICU n (%) NC-ICU n (%) p-value
n=35 n=72
Patients with DM (n, %) 12 (34.3) 20 (28.2) 0.334
Patient on insulin infusion therapy (n, %) 5(14.3) 5 (6.9) 0.290
Patient on steroid replacement therapy 20 (57.1) 4 (5.6) 0.001
Nutritional status of patients
Oral 3 (8.6) 9 (12.5) 0.402
NG 22 (62.9) 25 (34.7) 0.005
PEG 3 (8.6) 10 (13.9) 0.327
TPN 3(8.2) 6 (8.3) 0.530
Hypoglycemia 5 (6.9%) -
Hyperglycemia 10 (28.6) 17 (23.6) 0.480
Dysregulation 10 (28.6) 22 (30.5) 0.510

DM: Diabetes mellitus; NG: Nasogastric; PEG: Percutaneous endoscopic gastrostomy; TPN: Total parenteral nutrition.
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for the management of COVID-19 in people with diabe-
tes.l'”l The diabetes rate has been reported as 7.4% in
COVID-19 patients, and adverse outcomes are 3.| times
more common in diabetic patients compared to non-di-
abetic individuals.l'® Viral infections can exacerbate dia-
betes and cause fluctuations in blood glucose in diabetic
patients, which adversely affects their prognosis.['” During
glucose management in diabetic patients with COVID-19,
the occurrence of hypoglycemia should be minimized. In
our study, there was no difference between COVID and
NC-ICUs in terms of blood glucose dysregulation. In fact,
no hypoglycemia was observed in the C-ICU due to the
more frequent use of steroids, and dysregulation manifest-
ed itself as hyperglycemia. This situation was attributed to
the high rate of steroid treatment in patients.

In our study, we found that blood glucose fluctuates in
ICUs, and it is not easy to maintain glycemic control at
targeted levels in diabetic or non-diabetic cases. When we
looked at the mean daily blood glucose value of the pa-
tients with fluctuations, we found that the result remained
within the recommended target values (158 mg/dL).

Conclusion

It was observed that a blood glucose level of 140—180 mg/
dL increased the susceptibility to hyperglycemia, but less
hypoglycemia developed. ICUs should create, use, and up-
date their own blood glucose and insulin protocol, which
will reach the target without causing serious hypoglyce-
mia. This approach ensures a certain standard for each
patient and improves outcomes.

Limitations

This study has some limitations it is a single-center, point
prevalence study. So, its reliability and generalizability are
quite low. A glucometer was used for blood glucose mea-
surement. This method has the least reliability in blood
glucose measurement. However, it was preferred for rea-
sons such as practicality, immediate results, and not re-
quiring large amounts of blood.
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~
Yogun Bakim Unitesinde Etkin Glisemik Kontrol Saglayabiliyor muyuz? Nokta Prevalans

Calismasi

Amag: Kan sekeri disregiilasyonu, kritik hastalarin mortalite ve morbiditesi ile bagimsiz iligkilidir. Ancak yogun bakim iinitelerinde diyabetik
ve non-diyabetik hastalarda kan glikoz diizeyinin hedeflenen seviyelerde tutulmasi giictiir. Ugiincii basamak yogun bakim iinitesinde (YBU)
yatarak tedavi gormekte olan hastalarda kan sekeri regiilasyonunu degerlendirmek amaciyla nokta prevelans galismasi planlandi. Aragtirmaya
baslamadan 6nce etik kurul onayi alindi.

Gereg ve Yontem: Hastalarin demografik verileri, bagvuru anindaki 6zellikleri, yogun bakim takip ve tedavileri, uygulanan beslenme sekilleri
ve glisemik kontrolle ile ilgili parametreler standart veri forumuna kaydedilerek degerlendirildi.

Bulgular: Galisma giinii, 35 COVID (C-YBU) ve 72 Non—COVID yogun bakim iinitesinde (NC-YBU) yatmakta olan toplam 107 hasta
caligmaya dahil edildi. Hastalarin 47.6%’si erkek idi ve %29.9’unda diyabet mellitus (DM) tanisi mevcuttu. Istatistik sonuglarina bakildiginda;
Hastalarin ortalama kan sekeri degeri |58 mg/dL olarak 6lgiildi, tiim hastalarin %29.9’unda glisemik disregiilasyon (%4.7’sinde hipoglisemi,
%25.2'sinde hiperglisemi) tespit edildi. Yogun bakimlara gére bakildiginda C-YBU’de %28.6 (n=10) hastanin kan sekerinin regiile olmadig,
NC-YBU'de %30.5 (n=22) hastanin kan sekerinin regiile olmadigi tespit edildi. iki grup arasinda kan sekeri regiilasyonu agisindan oranlar
benzerdi (p=0.510). DM varligi ile kan sekerinin disregiile seyretmesi arasinda istatistiksel olarak anlaml korelasyon tespit edildi (p=0.05).

Sonug: Giiniimiizde belli glikoz hedefinin tiim hastalar igin her zaman optimal olmayabilecegi ve glikoz kontroliiniin bireysellestiriimesi fikri
tartisiimaktadir. Rutin igleyiste hastalari hipoglisemi ve hiperglisemiye sokmadan, her klinigin kendi kan sekeri algoritmasini olusturup, siki
takip ile iyi bir metabolik kontrol saglamasi gerektigi kanaatindeyiz.

Anahtar Sozciikler: Glisemik kontrol; hipoglisemi; hiperglisemi; yogun bakim Unitesi.




