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INTROduCTION Many critical illnesses includ-
ing severe sepsis and septic shock result in a 
condition described as “stress diabetes”.1,2 Pe-
ripheral insulin resistance, characterized by hy-
perinsulinemia, increased gluconeogenesis, and 
impaired peripheral insulin-mediated glucose 
uptake, plays a central role in dysregulation of 
glucose homeostasis, leading to hyperglycemia. 
Although hyperglycemia has been considered 
an adaptive and beneficial response to stress, 
it may have detrimental effects.3 Recommen-
dations from the 2008 Surviving Sepsis Cam-
paign suggest using a validated protocol for in-
sulin dose adjustment and targeting glucose 

levels to <8.3 mmol/l.4 These recommendations 
are based on the results of a randomized con-
trolled clinical trial which demonstrated that 
intensive insulin therapy reduced overall in-
hospital mortality by 34%, bloodstream infec-
tions by 46%, acute renal failure requiring dial-
ysis or hemo filtration, and critical-illness poly-
neuropathy. The greatest benefits concern pa-
tients with multiple-organ failure due to severe 
sepsis and septic shock.5 Further studies6-10 con-
firmed the beneficial effects of intensive insu-
lin therapy and tight glycemic control; howev-
er, results of a meta-analysis of 34 randomized 
clinical trials did not show significant reduction 
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AbsTRACT

INTROduCTION  Hyperglycemia in sepsis is managed by intensive insulin therapy, which can cause 
hypoglycemia.
ObjECTIvEs  The aim of the study was to evaluate the glycemic profile as well as safety and effective-
ness of a nurse-controlled insulin therapy protocol in patients with severe sepsis and septic shock.
PATIENTs ANd mEThOds  The study included 16 septic patients who died (nonsurvivors) and 61 sep-
tic patients who survived. Glycemia was measured every 4 h, and the dose of insulin infusion was 
adjusted to maintain glycemia of 4.4 mmol/l to 8.3 mmol/l. We analyzed glycemia levels and daily 
variations, insulin dose, episodes of hypo- and hyperglycemia.
REsuLTs Nonsurvivors and survivors had similar mean glycemia levels (7.38 vs. 7.08 mmol/l; p = 
0.20) and insulin requirements (median [Me] = 26.9 vs. 23.9 units/d; p = 0.22; Me = 1.7 vs. 1.4 
units/h; p = 0.25). Daily glycemia variation (Me = 4.81 vs. 3.03 mmol/l; p <0.001), episodes of hy-
poglycemia (18.8% vs. 3.3%; p = 0.02), spontaneous severe hypoglycemia (12.5% vs. 0%; p = 0.006) 
and hyperglycemia  (75.0% vs. 45.9%; p = 0.04) were higher and more  frequent  in nonsurvivors. 
Three of 5393 blood samples (0.05%) met severe insulin-induced hypoglycemia criteria, and 74.4% 
of samples met the recommended range of 4.4–8.3 mmol/l.
CONCLusIONs  Patients who died experienced more episodes of hyperglycemia, spontaneous hypogly-
cemia and greater variation in the daily glycemia level. Daily glycemia variation is more reliable than 
a mean glycemic level in evaluating glucose homeostasis in septic patients. Few episodes of severe 
insulin-induced hypoglycemia occurred while using the nurse-controlled insulin therapy protocol.
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severe sepsis and septic shock, diagnosed and 
classified according to the Surviving Sepsis Cam-
paign guidelines (TAbLE 1). The scope of the analysis 
included the first 14 days in the ICU, during which 
patients required the most intensive treatment. 
Classification to survivors and nonsurvivors was 
based on the outcome after ICU stay.

An intensive insulin therapy protocol in the 
ICU was managed by the nursing staff. Strict gly-
cemic control was maintained by continuous in-
travenous infusion of short-acting insulin. The 
dose of insulin infusion was adjusted by the nurs-
ing staff according to the protocol presented in 
TAbLE 2. Arterial blood glycemia levels were mea-
sured every 4 h, and the insulin dose was adjust-
ed according to the results. The goal of the ther-
apy was to maintain glycemia of 4.4 mmol/l to 
8.3 mmol/l. If the blood glucose level exceeded 
the recommended range, additional samples were 
taken every 1 or 2 h. Such increased frequency 
of testing occurred until glycemia level returned 
to the desirable range. If the blood glucose level 
was >21.1 mmol/l an intensivist was called who 
reduced infusion rate of parenteral nutrition and/
or conversed tube feeding diet e.g., with monoun-
saturated fatty acids as the main energy source. 
When the blood glucose level was <4.4 mmol/l 
the intensivist recommended intravenous bolus 
of 40% glucose. The glycemic profile was com-
pared by dividing patients into two groups. The 
first group included 16 patients who died of se-
vere sepsis and septic shock (referred to as non-
survivors), while the second group included 61 pa-
tients who survived (referred to as survivors). We 
analyzed mean blood glucose levels, daily blood 
glucose variations (calculated as the difference 
between the highest and the lowest daily glyce-
mia level), mean daily insulin infusion duration, 
mean dose of insulin (units of insulin/d, units 
of insulin/h), episodes of severe hypoglycemia 
(defined as blood glucose level <2.2 mmol/l), ep-
isodes of hypoglycemia <3.3 mmol/l (considered 
as a threshold level for appropriate central ner-
vous system functioning), episodes of spontane-
ous hypoglycemia <2.2 mmol/l and <3.3 mmol/l 
(defined as episodes of hypoglycemia after insulin 
infusion had been discontinued for at least 8 h), 
episodes of hypoglycemia <4.4 mmol/l, episodes 
of hyperglycemia >8.3 mmol/l (above the upper 
range value recommended in the treatment of 
sepsis), episodes of hyperglycemia >10.0 mmol/l, 
and hyperglycemia >11.1 mmol/l. The effective-
ness of nurse-managed intensive insulin therapy 
protocol was evaluated by analyzing the percent-
age of all blood samples and blood glycemia lev-
els within the 4.4–8.3 mmol/l range. The proto-
col safety was examined by analyzing the percent-
age of blood glycemia levels <2.2 mmol/l (severe 
hypoglycemia) and <3.3 mmol/l (hypoglycemia). 
The blood glucose level measured on admission 
to the ICU was excluded from the analysis.

Continuous data were presented as mean with 
standard deviation or median (Me) with lower 
(Q1) and upper quartile (Q3), and ordinal data 

in mortality from this treatment.11 Hypoglyce-
mia associated with intensive insulin therapy 
occurs 4–7 times more frequently in patients 
treated with strict glycemic control, and sep-
sis itself may be a risk factor for severe hypo-
glycemia <2.2 mmol/l.12,13 The aim of the study 
was to evaluate the glycemic profile, as well as 
safety and effectiveness of a nurse-controlled 
intensive insulin therapy protocol in patients 
with severe sepsis and septic shock.

PATIENTs ANd mEThOds This retrospective 
study was performed in a seven-bed mixed 
medical -surgical intensive care unit (ICU) at a 
university hospital. The glycemic profile of pa-
tients who survived and died due to severe sep-
sis and septic shock was evaluated, and the safe-
ty and effectiveness of a nurse-controlled inten-
sive insulin therapy protocol was examined. We 
identified patients who were admitted to the ICU 
between January 2005 and December 2008 with 

TAbLE 2  Intensive insulin therapy protocol

Blood glucose level 
(mmol/l)

Insulin infusion rate 
(IU/h)

0–4.4 0

4.5–6.9 1

7.0–10.0 2

10.1–13.0 3

13.1–16.9 4

17.0–21.1 5

>21.1 call an intensivist

Abbreviations: IU – inter national unit

TAbLE 1   Diagnostic criteria of severe sepsis and septic shock4,26

Severe sepsis – presence of sepsis, plus organ hypoperfusion or dysfunction  
due to sepsis

hypotension due to sepsis
increased blood lactate levels
oliguria (diuresis <0.5 ml/kg/h for >2 h, despite adequate fluid challenge)
ALI with PaO2/FiO2 <250, when pneumonia is not the source of infection
ALI with PaO2/FiO2 <200, when pneumonia is the source of infection
serum creatinine >176.8 µmol/l
serum bilirubin >34.2 µmol/l 
platelet count <100 000 × 106/l
coagulation abnormalities (INR >1.5) 

Septic shock

presence of sepsis
vasopressor dependency after adequate volume resuscitation
refractory hypotension
•systolic blood pressure <90 mmHg
•mean arterial pressure <65 mmHg, or a 40 mmHg drop in systolic blood 

pressure compared to baseline
•unresponsive to a fluid challenge of 20–40 ml/kg

Abbreviations: ALI – acute lung injury, FiO2 – fraction of inspired oxygen,  
INR – international normalized ratio, PaO2 – partial pressure of oxygen in arterial blood
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present in 5 of 16 (31.2%) nonsurvivors and in 20 
of 61 (32.8%) survivors, and diabetes in 3 (18.7%) 
nonsurvivors and in 10 (16.4%) survivors. Pa-
tients who died had higher mean bilirubin and 
creatinine levels. The proportion of patients who 
received corticosteroids and vasopressors did 
not differ. Mean blood glucose level (nonsurvi-
vors: 7.38 ±0.98 mmol/l vs. survivors 7.08 ±0.83 
mmol/l; p = 0.20), insulin requirements per day 
(nonsurvivors: Me = 26.9 units/d; Q1–Q3 = 17.0–
46.8 units/d vs. survivors: Me = 23.9 units/d; Q1–
Q3 = 10.6–35.3 units/d; p = 0.22), and insulin 
requirements per hour (nonsurvivors: Me = 1.7 
units/h, Q1–Q3 = 1.3–2.2 units/h vs. survivors: 
Me = 1.4 units/h, Q1–Q3 = 1.0–1.9 units/h; p = 
0.25) were similar in both groups. Daily blood glu-
cose level variation differed significantly between 
the groups (nonsurvivors: Me = 4.81 mmol/l; Q1–
Q3 = 3.89–6.47 mmol/l vs. survivors: Me = 3.03 
mmol/l; Q1–Q3 = 2.15–4.08 mmol/l); p <0.001).
Of the 16 nonsurvivors, 3 (18.8%) patients expe-
rienced at least one episode of severe hypoglyce-
mia, compared with 2 of 61 (3.3%) patients who 
survived (p = 0.02). None of the 61 survivors ex-
perienced an episode of spontaneous severe hy-
poglycemia, compared with 2 of 16 nonsurvivors 
(12.5%, p = 0.006). This association was not ob-
served for insulin-induced severe hypoglycemia 
(TAbLE 5). A tendency for more frequent episodes 
of hypoglycemia <3 mmol/l was observed in the 
nonsurvivor group (7 [43.8%] patients) compared 
with survivors (13 [21.3%] patients; p = 0.07; sta-
tistically nonsignificant). Spontaneous hypogly-
cemia <3.3 mmol/l occurred more frequently in 
nonsurvivors (5 [31.3%] patients) than in sur-
vivors (3 [4.9] patients]; p = 0.003). Again, this 
relation was not observed for insulin-induced 
hypoglycemia <3.3 mmol/l (TAbLE 5). The groups 
did not differ in the frequency of hypoglycemia 
<4.4 mmol/l (TAbLE 5). No hemo dynamic deteri-
oration, convulsions, or neuro logical complica-
tions were noted in association with any hypo-
glycemic event.

Hyperglycemia occurred more frequently than 
hypoglycemia in all patients. Only episodes of hy-
perglycemia >8.3 mmol/l occurred at statistically 
similar levels in the two groups (TAbLE 5). Hyperg-
lycemia >10.0 mmol/l occurred in 14 (87.5%) non-
survivors and 35 survivors (57.4%; p = 0.03), and 
hyperglycemia >11.1 mmol/l was observed in 12 
(75.0%) nonsurvivors and 28 survivors (45.9%; 
p = 0.04).

Regarding safety and effectiveness of inten-
sive insulin therapy a total of 5393 blood sam-
ples and blood glucose levels were examined. Only 
3 of 77 (3.9%) patients experienced one insulin- 

-induced episode of severe hypoglycemia, and 3 of 
5393 (0.05%) blood glycemia samples matched 
the criteria for severe insulin-induced hypogly-
cemia. A mean glucose level maintained by inten-
sive insulin therapy was 7.14 ±0.87 mmol/l, and 
4013 (74.4%) samples were in the recommended  
range of 4.4–8.3 mmol/l (TAbLE 6). When a high-
er upper limit of blood glucose concentration of 

were presented as a number with percentage. Re-
sults were analyzed statistically with the  t-test, 
Mann-Whitney test (most data did not pass the 
Shapiro-Wilk normality test), χ2 test, and Fisher 
exact test. A p <0.05 was considered statistical-
ly significant.

REsuLTs Demographic, laboratory and clinical 
characteristics of the two groups are presented 
in TAbLE 3 and TAbLE 4. All patients received mixed 
parenteral-enteral nutrition. Coexisting illness-
es occurred in a comparable proportion of pa-
tients in both groups, with a history of cancer 

TAbLE 3  Demographic and laboratory para meters of the patients

Variable Nonsurvivors 
(n=16)

Survivors 
(n=61)

p

age, years 
(Me; Q1–Q3)

59.0; 46.5–65.5 53.0; 35–60 0.46

men, n (%) 7 (43.7%) 40 (65.6%) 0.11

CRP (mg/dl) 
(Me; Q1–Q3)

153.2; 106.0–217.4 126.7; 98.3–166.8 0.29

leukocytes (× 109/l)  
(Me; Q1–Q3)

13.7; 7.5–24.8 14.8; 12.1–19.8 0.78

serum bilirubin (mg/dl) 
(Me; Q1–Q3)

2.02; 1.05–2.79 0.84; 0.52–1.12 0.002

serum creatinine (mg/dl) 
(Me; Q1–Q3)

1.32; 0.59–3.47 0.67; 0.49–1.22 0.04

positive blood culture, 
n (%)

10 (62.5%) 35 (57.4%) 0.71

Abbreviations: CRP – C-reactive protein, Me – median, Q1 – lower quartile,  
Q3 – upper quartile

TAbLE 4  Clinical para meters of the patients

Variable Nonsurvivors 
(n=16)

Survivors 
(n=61)

p

weight, kg 
(Me; Q1–Q3) 

67.5; 60–87.5  70.0; 60–84 0.80

days in the ICU 
(Me; Q1–Q3)

6; 3–17 14; 7–30 0.03

APACHE II 
(Me; Q1–Q3)

26; 22.5–30.5 13; 9.5–20 <0.001

mechanical ventilation, n (%) 16 (100%) 60 (98%) 0.57

steroids, n (%) 
standard regimen 200 mg/d  
in continuous infusion during  
7 days in decreasing doses

8 (50%) 37 (60.1%) 0.44

vasopressors, n (%) 16 (100%) 59 (96.7%) 0.67

vasopressors (µg/kg/min); 
(Me; Q1–Q3)

0.20; 
0.12–0.39

0.12; 
0.08–0.17

0.051

preexisting kidney disease,  
n (%)

4 (25%) 8 (13.1%) 0.25

hypertension, n (%) 4 (25%) 14 (22.95%) 0.86

coronary artery disease, n (%) 4 (25%) 7 (11.5%) 0.17

acute or chronic pancreatitis, 
n (%)

3 (18.8%) 12 (19.6%) 0.93

Abbreviations: APACHE II – Acute Physiology and Chronic Health Evaluation, a scale 
evaluating and providing objective information on the severity of illness on admission 
to ICU (the more points the patient receives, the more severe the patient’s condition 
is), ICU – intensive care unit, others – see TAbLE 3
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in mean blood glucose levels between patients 
who survived and those who died. A retrospec-
tive analysis by Krinsley in 2003, which includ-
ed 1826 critically ill patients, compared mean 
blood glucose levels between patients who died 
and survived. Mean glucose values were signifi-
cantly higher in nonsurvivors than in survivors 
for the entire group and for each subgroup ex-
cept for that of 92 patients with septic shock.14 
In the discussion on tight glucose control, the 
issue of blood glucose variation has been raised. 
Results from a large observational study of 7049 
patients cited in the Surviving Sepsis Campaign 
suggested that decreasing the variability of blood 
glucose concentration might be an important as-
pect of glucose control. The standard deviation of 
glucose concentration was a significant indepen-
dent predictor of ICU and hospital mortality.15 A 
recent study published in June 2009 proves that 
blood glucose variability is responsible for in-
creased risk of death in critically ill patients. The 
study mentions also sepsis among factors which 
increase the risk of blood glucose variability.13 
In our study, patients who died had greater dai-
ly blood glucose variation. A mean glucose con-
centration is not a reliable marker of the glyce-
mic profile in patients with sepsis, and the analy-
sis of blood glucose variation should be included 
in the evaluation of glucose homeostasis. Tight 
glucose control and lower blood glucose levels re-
duce mortality.5-7 In our study, more nonsurvi-
vors experienced episodes of hyperglycemia >10.0 
mmol/l and >11.1 mmol/l, but not of hyperglyce-
mia >8.3 mmol/l. The NICE-SUGAR trial (Normo-
glycaemia in Intensive Care Evaluation and Sur-
vival Using Glucose Algorithm Regulation) that 
compared target blood glucose concentrations 
of 4.5–6.0 mmol/l vs. 8.0–10.0 mmol/l, proved 
that a blood glucose target of <10 mmol/l result-
ed in lower mortality than a target of 4.5–6.0 
mmol/l did.16 It seems that even higher glucose 
levels than those suggested in the Surviving Sep-
sis Campaign guidelines are safe. Higher accept-
able blood glucose concentrations may allow less 
intensive insulin therapy and may reduce episodes 
of hypoglycemia (6.8% of patients in the inten-
sive-control group and 0.5% in the conventional- 

-control group (p <0.001) in the NICE-SUGAR 
study) and variation in blood glucose levels, as 
they are both related to intensive insulin thera-
py and tight blood glucose control management. 
The implementation of intensive insulin therapy 
has raised the problem of hypoglycemia. Hypo-
glycemia occurs 4–7-fold more frequently in pa-
tients treated with strict glycemic control, while 
sepsis itself is among the risk factors responsi-
ble for hypoglycemia.12,13,16-18 Two multicenter 
randomized controlled trials of intensive insulin 
therapy, one involving patients with severe sep-
sis (Efficacy of Volume Substitution and Insulin 
Therapy in Severe Sepsis or VISEP trial)19, and the 
second performed in medical and surgical ICU pa-
tients (Glucontrol Study: Comparing the Effects 
of Two Glucose Control Regimens by Insulin in 

10.0 mmol/l was allowed, over 90% of analyzed 
blood samples matched the desired range.

dIsCussION The study confirmed the clinical 
importance of blood glucose level variation, ep-
isodes of spontaneous hypoglycemia, safety of 
higher than recommended target blood glucose 
values, and safety and effectiveness of nurse-
controlled intensive insulin therapy protocols in 
the treatment of septic patients. The two groups 
had almost identical mean blood glucose levels, 
so it might have appeared as if their glucose ho-
meostasis was comparable. However, patients 
who died of severe sepsis and septic shock expe-
rienced episodes of hyperglycemia and hypogly-
cemia more often, which was reflected by higher 
daily blood glucose variation compared with sur-
vivors. In most studies on glycemic homeostasis 
in critically ill patients, septic patients are only 
a subgroup in populations analyzed as a whole. 
There are no data from clinical trials focusing only 
on patients with sepsis. Widely cited results of 
randomized clinical trials performed by Van den 
Berghe et al. in 2001 and 2006 proved a benefi-
cial effect of strict glycemic control on mortali-
ty.5,6 Reduction in mortality was highest in the 
subgroup of patients with multiple organ fail-
ure due to sepsis.5 Similarly, implementation of 
tight blood glucose control accounted for a 30% 
reduction in death rate in a subgroup of 75 pa-
tients with septic shock in a nonrandomized tri-
al performed by Krinsley in 2004.7 In our study, 
we focused only on patients with severe sepsis 
and septic shock, and we found no difference 

TAbLE 5  Glycemic profile – results

Nonsurvivors 
(n=16)

Survivors 
(n=61)

p

mean daily insulin infusion duration  
(h/day) (Me; Q1–Q3)

16.8; 
5.5–21.3

10.9; 
5.9–18.9

0.23

glycemia <4.4 mmol/l,  
n (%)

13 (81.3%) 44 (72.1%) 0.46

insulin-induced hypoglycemia  
<2.2 mmol/l, n (%)

1 (6.2%) 2 (3.3%) 0,58

insulin-induced hypoglycemia  
<3.3 mmol/l, n (%)

2 (12.5%) 11 (18.0%) 0.60

hyperglycemia >8.3 mmol/l, n (%) 16 (100%) 55 (90.1%) 0.19

Abbreviations: see TAbLE 3

TAbLE 6  Efficacy and safety of intensive insulin therapy protocol

Blood glucose level Number of samples Percentage of samples

<2.2 mmol/l 3 0.05

2.2–3.3 mmol/l 27 0.5

3.4–4.3 mmol/l 114 2.1

4.4–8.3 mmol/l 4013 74.4

8.4–10.0 mmol/l 816 15.1

10.1–11.1 mmol/l 182 3.4

>11.1 mmol/l 238 4.4

total 5393 100



ORIGINAL ARTICLE  Glycemic profile and effectiveness and safety of insulin therapy... 625

-SUGAR trial), over 90% of the analyzed blood 
samples were within the desired range.

Limitations of our study included a small number 
of patients, and the design of a retrospective, uncon-
trolled, one-center study. However, the number of pa-
tients is limited even in randomized controlled trials 
investigating tight glycemic control in sepsis.23-25 

In conclusion, more patients who died due to se-
vere sepsis and septic shock had episodes of sponta-
neous hypoglycemia (<2.2 mmol/l and <3.3 mmol/l), 
episodes of hyperglycemia >10.0 mmol/l and >11.1 
mmol/l, and had higher daily blood glucose level 
variation compared with patients who survived. It 
cannot be judged whether hypoglycemia, hypergly-
cemia, and mean daily blood glucose variation were 
the factors that increased mortality in patients with 
severe sepsis and septic shock or whether they were 
only markers of an increased risk of death. A mean 
blood glucose level is not a reliable para meter to 
evaluate glucose homeostasis in patients with sep-
sis, and daily blood glucose variation should be in-
cluded in the analysis of the glycemic profile. A very 
low (0.05%) percentage of episodes of severe hypo-
glycemia induced by insulin infusion confirmed the 
safety of nurse-controlled intensive insulin thera-
py protocol.
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sTREszCzENIE

wPROwAdzENIE Hiperglikemia u pacjentów z sepsą  jest kontrolowana przez  intensywną  insulino-
terapię, co może prowadzić do epizodów hipo glikemii.
CELE Celem pracy była ocena profilu glikemii oraz bezpieczeństwa i skuteczności protokołu inten-
sywnej insulino terapii nadzorowanej przez zespół pielęgniarski i stosowanej u chorych z ciężka sepsą 
i wstrząsem septycznym.
PACjENCI I mETOdy Badanie objęło 16 septycznych pacjentów, którzy zmarli i 61 septycznych pacjen-
tów, którzy przeżyli. Poziom glikemii był mierzony co 4 godziny, a dawka insuliny była dostosowywana 
tak, aby utrzymać glikemię w przed ziale 4,4–8,3 mmol/l. Analizie poddano średnie poziomy glikemii, 
dobowe wahania glikemii, zapotrzebowanie na insulinę, epizody hipo- i hiperglikemii.
wyNIKI Pacjenci, którzy zmarli  i ci, którzy przeżyli mieli porównywalne średnie dobowe poziomy 
glikemii (7,38 vs 7,08 mmol/l; p = 0,20) oraz zapotrzebowanie na insulinę (mediana = 26,9 vs 23,9 
jedno stek między narodowych (IU) na dobę; p = 0,22; mediana = 1,7 vs 1,4 IU/h; p = 0,25). Dobowe 
wahania poziomu glikemii (mediana = 4,81 vs 3,03 mmol/l; p <0,001), epizody hipo glikemii (18,8% 
vs 3,3%; p = 0,02), spontanicznej ciężkiej hipo glikemii (12,5% vs 0%; p = 0,006) oraz hiperglikemii 
(75,0% vs 45,9%; p = 0,04) były większe i wystąpiły częściej w grupie pacjentów, którzy zmarli. Trzy 
z 5393 analizowanych próbek krwi (0,05%) spełniły kryteria ciężkiej indukowanej insuliną hipo glikemii, 
a 74,4% próbek mieściło się w zalecanym zakresie glikemii 4,4–8,3 mmol/l.
wNIOsKI Pacjenci, którzy zmarli, doświadczyli więcej epizodów hiperglikemii, spontanicznej ciężkiej 
hipo glikemii i mieli większe dobowe wahania poziomu glikemii. Dobowe wahania glikemii są bardziej 
wiarygodnym parametrem niż średni poziom glikemii, w ocenie homeostazy glukozy u pacjentów 
z sepsą. Schemat  intensywnej  insulino terapii nadzorowanej przez  zespół pielęgniarski skutkował 
niewielką liczbą indukowanych insuliną epizodów ciężkiej hipo glikemii.
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