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AbstrAct	
introduction
Tight glycemic control (TGC) after ischemic stroke may improve clinical outcome but 
previous studies failed to establish TGC, principally because of postprandial glucose surges. 
The aim of the present study was to investigate if safe, effective and feasible TGC can be 
achieved with continuous tube feeding and a computerized treatment protocol. 
methods
We subjected ten	 acute ischemic stroke patients with admission hyperglycemia 
(glucose > 7.0 mmol/L) to continuous tube feeding and a computerized intensive 
protocol with insulin adjustments every one-to-two hours. Two groups of regularly 
fed patients from a previous study with a similar design served as controls. 
These groups comprised of hyperglycemic patients treated according to an  
intermediate protocol with insulin adjustments at standard intervals (N=13), and 
normoglycemic controls treated according to standard care (N=15). The primary  
outcome was the percentage of time within target (4.4 to 6.1 mmol/L). Secondary outcome 
was the number of patients with hypoglycemic episodes (glucose < 3.0 mmol/L).
results
Median time within target was 55% in the continuously fed intensive group compared 
to 19% in the regularly fed intermediate group, and 58% in normoglycemic controls. 
Hypoglycemic episodes occurred in 20% of patients in the continuously fed group - lowest 
glucose level 2.4 mmol/L. In contrast, in the regularly fed group this was 31% - lowest 
glucose level 1.6 mmol/L.
conclusions
TGC after acute ischemic stroke is feasible with continuous tube feeding and a computerized 
intensive treatment protocol. Although glycemic control is associated with hypoglycemia, 
no severe hypoglycemia occurred in the continuous tube feeding group.
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iNtroDUctioN
In acute ischemic stroke, hyperglycemia on admission and during the clinical course is 
associated with increased infarct expansion, worse clinical outcome and increased case-
fatality.10;11;20;22;32;176 Tight glycemic control (TGC), was shown to improve clinical outcome in 
critically ill patients,26;177;178 and has been implemented worldwide on intensive care units 
(ICU). Recently TGC has become the subject of debate. Several clinical trials demonstrated 
that TGC increases the risk of severe hypoglycemia and was not associated with an overall 
mortality benefit.8;179 It remains unclear why these recent and earlier trials showed different 
results. Further post-hoc analyses, more closely exploring subgroups of patients and the role 
of (severe) hypoglycemia have to be awaited.
Various subgroups of patients could still benefit from TGC,115 and recently TGC was associated 
with improved outcome in aneurysmal subarachnoid hemorrhage.27 In experimental 
studies, several mechanisms could account for an adverse outcome of hyperglycemia 
after acute ischemic stroke.105;106 Therefore, high levels of blood glucose might also be 
targeted to improve clinical outcome in patient with ischemic stroke. Until now, only 
one clinical trial has investigated this, but no beneficial effect of glycemic control on 
clinical outcome was demonstrated.31 In this trial, however, glycemic control was short 
lasting and poorly regulated. Treatment lasted just 24 hours and resulted in only a small 
contrast in the mean glucose levels (0.57 mmol/L) between treated patients and controls. 
To attain a clinical benefit from TGC on clinical outcome, it is important that blood glucose 
levels are maintained in the lower physiological range (below 6.1 mmol/L), without (severe) 
hypoglycemia.180;181 It is, however, difficult to establish TGC, especially outside the ICU 
setting.33;130;138;182 This seems particularly true for ischemic stroke patients. Various TGC protocols 
have been investigated in stroke patients, but hitherto none has managed to establish TGC, 
maintaining blood glucose levels in the lower physiological range (4.4 to 6.1 mmol/L) or even 
within the predefined target range.33;34;142;145 Possible explanations for this are a relatively high 
rate of (previously unrecognized) insulin resistance or diabetes mellitus, high levels of stress 
inflicted by the stroke, and a high rate of in-hospital infections accompanying stroke.38;47;183-185 
Another, potentially modifiable factor, is the feeding pattern of stroke patients. In contrast 
to patients admitted to an ICU, patients on a stroke unit often resume oral intake after an 
initial phase of starvation, rendering nutritional intake unpredictable. Indeed, we138 and 
others33 reported previously that strict glucose control is hampered by postprandial glucose 
surges. Besides unpredictable feeding patterns, less intensive care with a lower frequency of 
blood glucose assessments could also hamper TGC on a stroke unit as compared to the ICU 
setting. The use of a computer supported treatment protocol and increasing the rate of insulin 
adjustments has the potential to enhance TGC.186;187 

The aim of the present study was therefore to investigate if safe, effective and feasible TGC can 
be established on a stroke unit by subjecting patients to continuous tube feeding that is guided 
by treatment with an intensive, computer supported algorithm. 
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methoDs
PAtieNts
Ischemic stroke patients from a continuing cohort of ischemic stroke patients were 
consecutively recruited from two university hospitals and one large regional hospital in the 
Netherlands. All patients had a supra-tentorial infarct within the last 24 hours and gave written 
informed consent. Exclusion criteria were insulin use before admission (i.e. patients with oral 
hypoglycemic agents or non insulin dependent diabetics were included); admission Glasgow 
coma scale below 8; renal deficiency (creatinine >150 μmol/L); HIV positivity, age below 18 
years, and pregnancy.
For the present study, ten consecutive patients with hyperglycemia on admission (blood 
glucose exceeding 7.0 mmol/L) were subjected to continuous tube feeding and an 
intensive, computer supported treatment algorithm (the continuously fed intensive group). 
Because we did not want to subject non-dysphagic patients with minor neurological 
deficit to continuous tube feeding we excluded patients without a substantial neurological 
deficit defined as a National Institutes of Health Stroke Scale (NIHSS) of at least four. 
Regularly fed ischemic stroke patients from a recent randomized study,138 also aiming to improve 
glycemic control served as reference groups. These groups comprised of regularly fed patients 
with admission hyperglycemia treated according to an intermediate intensive insulin infusions 
protocol (the regularly fed intermediate group), and regularly fed patients with normoglycemia 
on admission treated according to routine practice. 

iNterveNtioNs
Patients included in the continuously fed intensive group received 1.5 liter of continuous tube 
feeding per 24 hours, aiming at 2000 kcal/day. Insulin infusions in this group were adjusted 
based on fingerpick glucose assessments every hour until glucose levels remained in target 
for two consecutive hours, and every two hours thereafter. Adjustments to the insulin infusion 
rate were made according to a sliding scale regime and calculated from the previous glucose 
level, the actual glucose level and the actual insulin infusion rate. Insulin infusion adjustments 
were performed with the aid of a web-based computerized algorithm that was modified from a 
previously used predefined paper written algorithm138 with the aim to maintain glucose levels 
between 4.4 to 6.1 mmol/L. Execution of the protocol was left to the nursing staff with the 
possibility to consult the principal investigator at all times. A coordinating nurse was allocated 
in each centre to register possible difficulties arising during the study period.
Patients included in the regularly fed intermediate group received a predominantly basal 
intravenous insulin algorithm also with the aim to maintain glucose levels between 4.4 to 6.1 
mmol/L for five consecutive days. In this protocol, glucose levels were assessed with fingerpicks 
every hour till target levels were reached. After this, insulin infusion was adjusted at standard 
intervals by a diabetes care experienced physician: immediately before, and two hours after each 
meal and around 22:30 (i.e. each 2 to 3 hours, 7 times in 14 hours). Insulin infusion rate was 
adjusted with the aid of a predefined paper written treatment protocol according to a sliding 
scale regimen. Adjustment of infusion rate was calculated from the previous glucose level, the 
actual glucose level and the actual insulin infusion rate. Meal related insulin was intravenously 
administered as bolus insulin in a dose equal to the newly calculated hourly insulin infusion rate. 
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For regularly fed normoglycemic controls, glucose levels were monitored with 
fingerpicks at the same intervals as in the regularly fed intermediate group. Glycemic 
control in this group was left to the treating physician. In practice this consisted of 
subcutaneous short acting insulin administered if glucose values exceeded 16.6 mmol/L. 
Patients in the regularly fed hyperglycemic group and normoglycemic controls were encouraged 
to eat standard meals (a balanced diet of approximately 2000 kcal/day). Dysphagic patients 
received intermittent enteral feeding gradually increasing over the first two- or three days, 
aiming at 2000 kcal/day.
For patients in all groups, glucose levels below 3.5 mmol/L were treated by interrupting insulin 
administration and by intravenous administration of 50 ml glucose 20%. After this, glucose 
levels were monitored each 30 minutes until levels returned within range. The study protocol 
was approved by the local ethics committee of all institutions.

oUtcomes
The primary efficacy outcome was defined as the time spent within the target range (4.4 
to 6.1 mmol/L) during days 1 to 5. Day one started at the first measurement on the day 
after inclusion. In addition, we calculated the mean glucose levels over the study period. 
Secondary safety outcomes were the number of patients with a hypoglycemic episode (glucose 
<3.0 mmol/L). We choose a higher cut-off to define hypoglycemia than used in previous ICU 
based studies (2.2 mmol/L) as the deleterious effects of hypoglycemia are potentially more 
harmful to the ischemic brain. As there exists no universally accepted definition of hypoglycemia 
in hospitalized patients with ischemic stroke treated with TGC, we further defined serious 
hypoglycemia (glucose <2.5 mmol/L) and we registered the lowest glucose value in each 
group. Other secondary safety outcomes were the number of hypoglycemic episodes per 
group divided by the total number of glucose assessments in that group (we anticipated that 
the number of glucose assessments would be larger in the continuously fed intensive group), 
and the number of symptomatic hypoglycemic episodes (i.e. hypoglycemia accompanied by 
perspiration, tachycardia, tremor, confusion, or coma). Because we were particularly interested 
in the effect of feeding interval on glycemic control we used daytime glucose assessments 
(08:30h to 22:30h) for analyses. To explore how the nursing staff experienced the execution 
of the protocol in the continuously fed intensive group, we recorded the number of, and the 
reasons for consultation of the principal investigator. In addition, we held structured interviews 
with the coordinating nurse of each centre after the study had ended to gain more insight in 
subjective experiences related to the execution of the protocol. 

stAtisticAl	ANAlysis
Baseline characteristics were presented as means or medians as appropriate. Baseline and 
outcome between-group differences of continuous variables were calculated with the Students 
T- test or the Mann Whitney U test as appropriate. Dichotomous variables were analyzed 
with the χ2 or Fisher’s exact test as appropriate. To calculate the mean time spent within the 
target range, we linearly interpolated glucose values for each 30 minutes. All analyses were 
performed according to the intention-to-treat principle. Therefore, if patients discontinued the 
study protocol between day one and five, glucose measurements till then were included in the 
analysis. 
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resUlts
PAtieNt	iNclUsioN
One patient in the regularly fed normoglycemic group had to be excluded because informed 
consent was withdrawn before day one. Ten patients discontinued the study between day one 
and five. Two patients in the continuously fed intensive group (imminent death and withdrawal 
of informed consent); two patients in the regularly fed intermediate group (logistic failure and 
withdrawal of informed consent), and six patients in the regularly fed normoglycemic group 
(imminent death (2); withdrawal of informed consent (2); early discharge because of rapid 
clinical improvement, and transfer to another hospital).

bAseliNe	chArActeristics	
Baseline characteristics are summarized in Table 1. Patients in the continuously fed intensive 
group had more severe strokes because of the requirement of a NIHSS score of at least four 
for this group. 

table	1	|	baseline	characteristics.

	

continuously	fed	
intensive	group	
(n=10)

regularly	fed	
intermediate	
group	(N=13)

regularly	fed	
normoglycemic	
group	(N=15)

Men (n) (%) 5 (50) 6 (46) 8 (53%)

Age (years) (SD) 74 (9.2) 78 (9.5) 68 (14.4)

Type 2 DM ( %) 2 (20) 6 (46) 0*

Mean admission glucose (mmol/L) (SD) 9.1 (2.4) 10.5 (3.3) 5.8 (0.6)**

NIHSS score on admission (median, 
[range])

16 [8-19]*** 5 [2-14] 7 [5 – 16]†

Cortical stroke (n) (%) 8 (80) 9 (70) 11 (73)

Intermittent tube-feeding (%)  - 3 (23) 3 (19)

DM: Diabetes mellitus; SD: standard deviation; NIHSS: National Institutes of Health Stroke Scale. 
*: P<0.05 for comparison between the regularly fed normoglycemic group with other groups (Fisher 
exact test). **: P<0.05 for comparison between the regularly fed normoglycemic group with other groups 
(Students T-test). ***: p< 0.05 for comparison between the continuously fed intensive group with the 
regularly fed intermediate group (Mann Whitney U test). †: these data were missing for one patient.

PrimAry	oUtcome
The figure shows the distribution of the percentage of time spent within the target range during 
the treatment period. The median percentage of time spent within target range was similar for 
the continuously fed intensive group (55%) and regularly fed normoglycemic controls (58%). 
These values were significantly higher when compared to the regularly fed intermediate group 
(19%) (p< 0.001, Mann-Whitney rank tests). Table 2 shows that the mean glucose level during 
treatment in the continuously fed intensive group (5.8 ± 0.3 mmol/L) was significantly lower 
than in the regularly fed intermediate group (7.6 ± 1.5 mmol/L; p< 0.005) and similar to that in 
regularly fed normoglycemic group (5.9 ± 1.2 mmol/L).
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secoNDAry	oUtcomes	
Table 2 also shows that in the continuously fed intensive group, two patients (20%) had a 
serious hypoglycemic episode, and the lowest glucose value was 2.4 mmol. In the regularly fed 
intermediate group four patients (31%) had a hypoglycemic episode, two of which were serious 
(15%) with a lowest glucose value of 1.6 mmol/L. The total number of hypoglycemic episodes 
divided by the total number of glucose assessments did not differ between the groups. None 
of the (serious) hypoglycemic episodes was symptomatic.
For patients in the continuously fed intensive group, the principal investigator had to be 
consulted only once because of a failure to connect to the internet. The interviews with the 
coordinating nurse revealed that the execution of the protocol was laborious due to the high 
number of glucose assessments, but well appreciated as it appeared very straightforward. Also, 
the fact that the execution of the intensive protocol could be done without the intervention of 
a physician was well appreciated. 

*: P < 0.005 for between group comparison of the continuously fed intensive group with the regularly fed 
intermediate group.

Figure	1	|	median	percentage	of	time	spent	in	target.
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DiscUssioN
This study demonstrates that by subjecting ischemic stroke patients with admission 
hyperglycemia to continuous tube feeding, glucose levels can be maintained in a low 
physiological range with the aid of a computer supported intensive protocol. Furthermore, 
this was established for five consecutive days with only minimal consultation of treating or 
consulting physicians. Glycemic control was accompanied by hypoglycemic episodes in both 
the intensive and the intermediate treatment protocol. To our knowledge, this is the first study 
to achieve TGC for five consecutive days in acute ischemic stroke patients with admission 
hyperglycemia. Recently, a predominantly ICU based trial in diabetic patients with ischemic 
stroke managed to lower blood glucose levels for 72 hours, but the mean glucose level of 7.4 
mmol/L was much higher than what we achieved and still outside the predefined target range 
(<7.2 mmol/L).34 The glucose profiles we established were similar to glucose profiles in critically 
ill patients treated with insulin infusions in ICU based trials that demonstrated a beneficial 
effect of TGC on clinical outcome.188-190 Furthermore, the glucose profiles were similar as in 
normoglycemic controls. Continues tube feeding appears therefore crucial to establish TGC in 
acute ischemic stroke.
The major drawback of TGC, also in our study, is the accompanying increased risk of severe 
hypoglycemia. Recently, a clinical trial that investigated TGC in patients with severe sepsis was 
stopped early because TGC related hypoglycemia increased the risk of serious adverse events.24 
Moreover, in another recent large clinical ICU based trial, 7% of TGC treated patients had at 
least one episode of severe hypoglycemia and this may have contributed to the in increased 
mortality observed.8 It is important to note that in this and most other ICU based studies, 
the cut-off to define hypoglycemia (<2.2 mmol/L) is much lower than ours (3.0 mmol/L). In 
fact, if we would have used the same cut-off, we would not have found any hypoglycemic 
episode in the continuously fed intensive group. Still, caution is warranted especially after 
ischemic stroke, as the effects of low glucose levels on the ischemic brain are potentially 
harmful, even if glucose levels are just slightly below normal. In experimental studies low 

table	2	|	secondary	outcome	parameters.

outcome

continuously	fed	
intensive	group	
(n=10)

regularly	fed	
intermediate	
group	(N=13)

regularly	fed	
normoglycemic	
group	(N=15)

Mean glucose during treatment ± SD 
(mmol/L) 

5.8 ( ± 0.3)* 7.6 ( ± 1.5) 5.9 ( ± 1.2)*

Number of patients (%) with 

hypoglycemia (<3.0 mmol/L) 

serious hypoglycemia (<2.5 mmol/L)

2 (20)

2 (20)

4 (31)

2 (15)

1 (6.7)

0 (0)

Total number of hypoglycemic episodes by 
total number of glucose assessments (%)

2/455 
(0.4)

4/ 331 
(1.2)

1/ 310 
(0.3)

Lowest glucose level (mmol/L) 2.4 1.6 2.9

Symptomatic hypoglycemic episodes 0 0 0

SD: standard deviation; *: P<0.005 for between group comparison of the continuously fed intensive group 
or the regularly fed normoglycemic group with the regularly fed intermediate group (Students T test).
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glucose levels were shown to increase infarct size and mortality,191 and the benefit of glucose 
lowering is lost when glucose levels fall below a level of 2 to 3 mmol/L.141 The intensive protocol 
we used demanded that also non-dysphagic patients were subjected to continuous tube 
feeding. By its invasive nature, this may have led to considerable patient discomfort. Despite 
this, none of the patients withdrew consent because of this. One patient in the continuously 
fed intensive group withdrew consent because of the high frequency of fingerpicks. 
Nowadays, continuous glucose monitoring systems become available which might be of 
benefit for both patients and caregivers, offering advantages to our intensive protocol.192;193

A limitation of our study is that we used historic controls for comparison. Furthermore, 
because of ethical considerations the inclusion criteria differed somewhat, with the inclusion 
of more severe strokes in the continuously fed intensive group. However, all patient groups 
were treated on the same stroke units and standard stroke care had not changed in the period 
that separated the inclusion periods, minimizing a possible time effect. Moreover, the inclusion 
of more severe strokes in the continuously fed intensive group probably does not debilitate our 
results, as achieving TGC is presumed to be more difficult in more severe stroke.17;47

In conclusion, effective and feasible TGC on a stroke unit can be achieved by subjecting patients 
to continuous tube feeding, a high rate of insulin adjustments (every one- to two hours), and by 
facilitating the nursing staff with a computer supported treatment algorithm. However, caution 
is warranted as TGC is also associated with hypoglycemia. Further studies should address this 
problem as low levels of blood glucose might be detrimental, especially for the ischemic brain.




