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In critically ill patients, release of glucagon, epi­
nephrine, cortisol, and catecholamines often leads 
to hyperglycemia.16 Critically ill patients who have 

undergone neurosurgery are particularly prone to hyper­
glycemia, because many receive supraphysiological 
doses of corticosteroids perioperatively.14 This inclina­
tion is significant because postoperative hyperglycemia 
may have consequences for infection rates and mortality 
risk postoperatively. In 2001, van den Berghe et al.19 per­
formed a single-center randomized controlled trial that 
compared IIT to conventional insulin therapy; for both 
treatments, insulin was given via an infusion pump. In 
the IIT group, glucose was maintained between 80 and 
110 mg/dl, while in the conventional group, glucose 
was maintained between 180 and 200 mg/dl. This study 
showed that IIT reduced mortality risk in the ICU from 

8.0 to 4.6% (p < 0.04), decreased overall hospital deaths 
by 34% (p = 0.01), and lowered the rate of bloodstream 
infections by 46% (p = 0.03). Other studies have also 
shown benefit from using IIT. In a 2003 prospective 
observational study, Finney et al.6 demonstrated a de­
creased mortality risk when blood glucose was main­
tained between 145 and 200 mg/dl. Additionally, a pro­
spective randomized trial by Lazar et al.11 in 2004 found 
that patients who received IIT (blood glucose maintained 
between 125 and 250 mg/dl) versus standard insulin 
control therapy (maintaining serum glucose < 250 mg/
dl) experienced a shorter postoperative hospital stay (6.5 
vs 9.2 days, respectively; p = 0.003) and fewer recurrent 
wound infections (1 vs 10%, respectively; p = 0.03). The 
randomized controlled trials provided strong evidence in 
favor of a benefit with using IIT. Although the observa­
tional studies and other studies with less rigorous designs 
carried less impact than the randomized controlled trials, 
they did corroborate the benefits of using IIT.

Despite this evidence, postoperative control of hy­
perglycemia remains controversial. In 2008, Brunkhorst 
et al.2 published a randomized controlled trial of IIT for 
patients with severe sepsis. In this study, the IIT group, 
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which had an average glucose level of 112 mg/dl, was 
compared with a conventional therapy group, with an av­
erage glucose level of 151 mg/dl. The conventional ther­
apy group received a continuous insulin infusion when 
blood glucose was > 200 mg/dl. The study was discon­
tinued early for safety reasons, because the IIT group had 
an increased rate of serious adverse events (10.9 vs 5.2%, 
respectively; p = 0.01) and severe hypoglycemia (17.0 vs 
4.1%, respectively; p < 0.001). Furthermore, in 2009, the 
multinational randomized controlled trial NICE-SUGAR 
compared IIT (maintaining blood glucose between 81 and 
108 mg/dl) and conventional insulin therapy (maintaining 
blood glucose below 180 mg/dl). This study found signifi­
cantly increased mortality risk in the IIT group (27.5 vs 
24.9%; p = 0.02), as well as no difference in the number 
of patients with blood cultures positive for pathogenic 
organisms (12.8 vs 12.4%; p = 0.57). Moreover, patients 
in the IIT group had a higher rate of severe hypoglyce­
mia (6.8 vs 0.5%; p = 0.02), defined as blood glucose < 
40 mg/dl.5 The results of the NICE-SUGAR study had a 
considerable impact and led to some significant questions 
regarding the role of IIT in perioperative care.

The NICE-SUGAR study raised 2 major issues. First, 
even though the NICE-SUGAR study found no advantage 
to IIT, it is possible that other patient populations may 
still benefit. Second, insulin therapy may be beneficial 
when it is used to maintain blood glucose at different 
values.12 Several previous studies have established ben­
efit when implementing less stringent cutoff levels. Krin­
sley10 showed a mortality risk benefit with blood glucose 
< 140 mg/dl in a before/after study of an intensive glucose 
management protocol. Furnary et al.8 demonstrated a de­
creased incidence of infection with a blood glucose goal 
of < 200 mg/dl with a similar before/after study design.

The conflicting outcomes of various studies have di­
minished the generalizability of these results. Few studies 
have investigated the benefits of IIT in the postoperative 
period after neurosurgical procedures. In 2009, Bilotta 
et al.1 reported on a randomized trial of 483 patients, in 
which there was an increased incidence of hypoglycemic 
events in those receiving IIT; notably, ITT decreased in­
fection rates as well as length of stay in the ICU. How­
ever, this study included a heterogeneous mix of patients 
admitted to the postoperative ICU who were undergo­
ing neurosurgery for tumors, neurovascular disease, se­
vere head trauma, or intraparenchymal hemorrhage.1 In 
a retrospective study, Thiele et al.18 concluded that strict 
glucose control had no effect on mortality risk after an­
eurysmal subarachnoid hemorrhage (p = 0.132) but did 
increase the risk of hypoglycemia (p = 0.001).

To date, no study has focused on postcraniotomy 
SSIs and the potential role of hyperglycemia. In addi­
tion, it remains unclear whether information from large 
ICU studies can be generalized to specialized subpopu­
lations. Thus, we performed a retrospective review of 
patients with brain tumors who underwent craniotomies 
and definitive resection to discern whether postoperative 
glucose levels are associated with SSI. This study also 
investigated 2 glucose cutoff points (130 mg/dl and 150 
mg/dl) that both define moderate glucose control levels. 
Cutoff point selection was based on ideal blood glucose 

ranges for patients at risk for ischemic brain injury identi­
fied by Wass and Lanier20 in their 1996 review, as well as 
an attempt to maintain comparability with the 140 mg/dl 
cutoff point shown to be beneficial by Krinsley.10

Methods
Patient Population and Matching

This study was approved by the Cleveland Clinic in­
stitutional review board. From 2001 to 2008, 2485 patients 
underwent a craniotomy for definitive resection of a brain 
tumor at the Brain Tumor and Neuro-Oncology Center at 
the Cleveland Clinic. Fifty-seven of these patients (2.3%) 
developed SSIs postoperatively. The infections were iden­
tified by standard criteria from the Centers for Disease 
Control and Prevention and recorded independently by an 
experienced member of the Department of Quality/Infec­
tion Control at the Cleveland Clinic (M.B.). We completed 
a retrospective chart review matched case-control study, 
using the 57 patients who developed SSIs after cranioto­
my and 57 matched surgical controls who did not develop 
SSIs. In all 114 patients, the intention of surgery was com­
plete or near-total (definitive) tumor resection. Patients 
who underwent subtotal resection and biopsy procedures 
(whether open or stereotactic) were excluded. Cases and 
controls were matched on 5 criteria: primary versus re­
operation,4 sex,3 diagnosis, International Classification of 
Diseases-9 code (intended to approximate supratentorial 
vs infratentorial procedures), and age ± 6 years.17 When 
a perfect match for diagnosis was unavailable, a patient 
with a diagnosis within 1 WHO grade was used. For ex­
ample, a patient with a Grade III astrocytoma could be 
matched with a patient with a Grade IV astrocytoma. 

Data Collection
Data were collected using the patient’s electronic 

chart and paper chart, as well as information obtained 
from the prospective clinical database of the Brain Tu­
mor and Neuro-Oncology Center. This database, and the 
authors’ use of the data, was approved by the institutional 
review board. In addition to the matching factors, the fol­
lowing parameters were collected: previous diagnosis of 
hypertension, CAD, DM, tobacco use (ever), ASA clas­
sification, duration of surgery (defined as the time [hours] 
from incision until the end of anesthesia), BMI, postoper­
ative venous blood glucose measurements, and adherence 
to perioperative antibiotic prophylaxis. Adherence to an­
tibiotic prophylaxis perioperatively was defined as anti­
biotics provided within 60 minutes prior to the incision, 
with the exception of vancomycin, which must be given 
within 2 hours before the incision.13,15 For blood glucose 
measurements, only venous blood glucose measurements 
from the postoperative period until the end of postopera­
tive Day 2 were used. The beginning of the postoperative 
period was defined as the end of anesthesia. However, if 
the end of anesthesia data were unavailable or uncertain, 
the beginning of the operative period was defined as the 
time of the first arterial blood gas reading from the in­
traarterial catheter and the end was defined by the final 
arterial blood gas reading. The availability of the end of 
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anesthesia data was not significantly different between 
controls and cases (p = 0.79). Management of periopera­
tive glucose levels was left to the discretion of the surgeon 
and was not controlled. Corticosteroids were used in all 
patients, but the cumulative daily dose and administration 
route was not standardized. No trend in corticosteroid ad­
ministration was discerned between the groups.

Statistical Analysis
The primary study variable of interest was blood 

glucose level. Time-adjusted glucose was calculated by 
appropriately weighting the average of all measurements 
by the length of time a patient was in a particular glucose 
measurement. Time-weighting is an approach commonly 
implemented in studies involving glucose measurements.6 
The time-weighted average is intended to use all available 
information and adjust for the varying number of glucose 
measurements per patient. However, for this data set, the 
majority of patients had only 1 measurement recorded 
per day. To eliminate potential measurement bias, the 
variable glucose was additionally defined and calculated 
as the average of the first measurements taken each day 
(Day 0, Day 1, and Day 2). Analyses were performed us­
ing both definitions of the blood glucose level variable; 
results were similar, thus only multivariate models utiliz­
ing nontime-adjusted glucose are reported.

Bivariate associations between categoric study fac­
tors and the development of SSI were assessed using the 
Fisher exact test. Bivariate associations between continu­
ous study factors and the development of SSI were as­
sessed using the Wilcoxon rank-sum test. The probability 
of postoperative SSI was modeled as a function of study 
factors using conditional logistic regression. Univariate 
conditional logistic regression was performed to identify 
factors associated with development of SSI. All study fac­
tors were entered into a conditional multivariate logistic 
regression and backwards eliminated according to both 
statistical and clinical judgment. Models were assessed 
for colinearity. Clinical interest exists in dichotomizing 
glucose levels at meaningful cutoff points to classify hy­
perglycemic levels. Conditional logistic models were used 
to investigate whether an association exists between hy­
perglycemic levels (defined by various cutoff points) and 
development of SSIs. For all conditional logistic models, 
OR estimates were obtained with corresponding 95% 
CIs, summarizing the crude and adjusted association of 
SSI with each of the proposed risk factors. Statistical tests 
used for computing probability values and significance 
levels are indicated in the text. All statistical analyses 
were performed using SAS statistical software version 
9.1 (SAS Institute, Inc.). A probability value < 0.05 was 
considered statistically significant.

Results
A total of 57 patients who developed SSIs after cran­

iotomy (cases) and 57 matched controls were studied. 
Patient characteristics are summarized in Table 1. Cases 
and matched controls were not significantly different in 
terms of the obtained study factors. Demonstrating the 

strength of our age-matched design, there was no signifi­
cant difference between rates of diseases for which the 
risk is known to increase with age, such as hypertension, 
diabetes, obesity (BMI), and CAD. No difference in the 
availability of end of anesthesia data supports our previ­
ously defined beginning of the postoperative period. The 
median time-adjusted glucose level for patients with SSI 
was 141.6 mg/dl compared with 133.0 mg/dl for matched 
controls. The median glucose level for the 2-day postop­
erative period was 143.5 mg/dl for patients who acquired 
SSIs compared with 138.8 mg/dl for matched controls. 
Figure 1 further illustrates the relationship between me­
dian glucose level and postoperative duration. Whereas 
the patients who developed SSIs consistently had higher 
glucose levels, there was not a large difference (in magni­
tude) in blood glucose levels between the 2 groups.

Table 2 illustrates that no factors in the univariate 
conditional logistic regression analyses were associated 
with a higher risk of SSI. The smallest probability values 
were found for time-adjusted glucose level, venous glu­
cose measurement (Day 0 and Day 1), duration of surgery, 
and presence of CAD. Reassuringly, the point estimate 
for each risk factor was directionally aligned with bio­
logical plausibility; for example, greater duration of sur­
gery increased risk of SSI, which is plausible because the 
wound is open and vulnerable to pathogens for a longer 
time period. Previous diagnosis of hypertension, diabetes, 
CAD, longer duration of surgery, antibiotic prophylaxis 
adherence, higher ASA classification, and higher glucose 
levels all showed ORs suggesting an increased risk of SSI. 
However, such an interpretation is suspect, because each 
CI includes the value of 1, thus the absence of an effect of 
these variables on SSI risk cannot be ruled out.

The multivariate conditional logistic regression anal­
ysis (Table 3) showed that duration of surgery (p = 0.047) 
was associated with postoperative SSI. Longer surgical 
time was directly associated with risk of infection (Fig. 
2). Glucose level was not significant (p = 0.83) after ad­
justing for duration of surgery and adherence to antibi­
otic prophylaxis (Table 3). The information necessary to 
determine adherence versus nonadherence was missing 
in 19.3% of controls and in 14.0% of cases. In controls 
for whom the information was available, 73.9% received 
antibiotics in accordance with the Centers for Disease 
Control and Prevention guidelines.13,15 In cases for whom 
the information was available, 81.6% received appropri­
ate antibiotics. The rates of adherence to antibiotic pro­
phylaxis were not different between groups (Table 1; p = 
0.46). Results were similar when time-adjusted glucose 
level was used as the blood glucose level measurement 
(data not shown).

To investigate the effect of blood glucose level cutoffs 
as insulin therapy targets, we modeled the probability of 
postoperative SSI as a function of insulin therapy target 
achievement using conditional logistic regression. Table 4 
illustrates that blood glucose levels ≥ 130 mg/dl or ≥ 150 
mg/dl were not associated with an increased risk of SSI. 
Although probability values were nonsignificant, the ORs 
indicated that glucose levels ≥ 130 or 150 mg/dl increased 
the odds of having SSI. The association of hyperglycemic 
levels with the 2 cutoff points and SSI risk remained non­
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significant when entered into multivariate analyses con­
trolling for other risk factors (data not shown).

Discussion
In this study, we sought to discern whether postop­

erative glycemic levels are associated with risk of SSI. 
The goal was not to generalize our study results to other 
patient populations, but rather to obtain specific informa­
tion on patients who undergo craniotomy for definitive 
resection of a brain tumor.

Blood glucose levels were higher for those patients 
who developed SSI when compared with those who did 
not, but these differences were not statistically significant. 
Further classification of hyperglycemic levels resulted in 
similar conclusions. It is possible that both groups had 
blood glucose levels below the cutoff point at which treat­
ing hyperglycemia is beneficial. In comparison, Furnary 
et al.,8 in a before/after study of subcutaneous insulin ver­
sus continuous insulin infusion, compared blood glucose 
levels 2 days postoperatively for patients who developed 
deep sternal wound infection with patients who did not. 
On the first postoperative day, infected patients showed a 
mean blood glucose level of 209 mg/dl, and noninfected 
patients had a mean blood glucose level of 190 mg/dl. On 
the second postoperative day, infected patients had a mean 
blood glucose level of 206 mg/dl, whereas the mean level 
in noninfected patients was 188 mg/dl. All of the values 
in the study of Furnary et al. are higher than the means 
found for either of the craniotomy patient groups in our 
study. Patients with intermediate glucose levels were used 
in a retrospective study by Krinsley10 in 2004. Krinsley 
found that with a mean blood glucose level of 152.3 mg/
dl for the patients using conventional insulin therapy, and 
with a mean blood glucose level of 130.7 mg/dl for the 
patients who received IIT, there were fewer infections in 

TABLE 1: Baseline characteristics of study patients*

Variables SSI Group* No SSI Group* p Value†

no. of patients 57 57
previous diagnosis
  hypertension 18 (31.6) 15 (26.3) 0.68
  DM 7 (12.3) 5 (8.8) 0.76
  CAD 10 (17.9) 5 (8.8) 0.18
tobacco use ever 31 (57.4) 32 (58.2) 0.99
end of anesthesia data available 48 (84.3) 50 (87.70) 0.79
duration of surgery in hrs 4.3 (3.3–5.2) 4.1 (2.7–5.2) 0.16
adherence to antibiotic prophylaxis 40 (81.6) 34 (73.9) 0.46
ASA classification 0.80
  2 12 (24.0) 15 (29.4)
  3 34 (68.0) 33 (64.7)
  4 4 (8.0) 3 (5.9)
median BMI (IQR) 27 (24.2–31.0) 28.1 (24.4–31.8) 0.88
median time-adjusted glucose level in mg/dl (IQR) 141.6 (129.1–161.6) 133.0 (120.8–153.1) 0.07
median glucose level in mg/dl (IQR) 143.5 (129.7–162.3) 138.8 (123.0–153.1) 0.09
  Day 0 155.5 (137.5–183.0) 153.0 (125.5–166.5) 0.13
  Day 1 139 (124.8–165.5) 134 (114–154.0) 0.16
  Day 2 121.0 (109.0–145.0) 117.0 (103.8–141.3) 0.42

*  All values given as number of patients (%) unless otherwise indicated. Abbreviation: IQR = interquartile range.
†  Probability values for categorical variables (number of patients and percentage) calculated using the Fisher exact test; all others 
used the Wilcoxon rank-sum test.

Fig. 1.  Graph of glucose levels over time according to infection group 
for patients undergoing craniotomy. Median glucose levels are shown 
for each postoperative day. Day 0 is the day of surgery, Day 1 repre-
sents the first day after surgery, and Day 2 represents the second day 
after surgery. There were no significant differences between groups at 
any time point.
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the IIT group (3.4 vs 2.6%, respectively). These glucose 
levels are similar to those found in patients in our study. 
Thus, for patients undergoing craniotomy for brain tumor, 
blood glucose levels may simply be a factor of less impor­
tance in the development of SSIs.

For patients with a diagnosis of brain tumor, the vari­
able “duration of surgery” described far more variation 
in the model to predict SSI than did blood glucose levels. 
Each additional hour of time in surgery resulted in a 43% 
increase in the odds of developing an SSI (p = 0.047). 
This finding is consistent with those in previous studies of 
craniotomy, which found that increased duration of sur­
gery significantly increased risk of SSI after craniotomy.9 
Adherence to antibiotic prophylaxis was associated with 
an 80% increase in risk of SSI, but this increase was not 
statistically significant (p = 0.30). Perhaps there was in­
sufficient power to investigate this study factor, or physi­
cians are more careful with antibiotic prophylaxis when 
patients are perceived as higher risk.

We recognize several potential limitations to the 
study. This study is retrospective and the number of glu­
cose measurements obtained for each patient varied. Fur­
thermore, although corticosteroids were used in all pa­
tients, the dose was not standardized. It is possible that 
comorbidities other than hypertension, DM, obesity, and 
CAD are important, although studies of hyperglycemia 
and infection from cardiac surgery suggest they are by 
far the most common risk factors associated with major 
infection.7

Sample size per group was determined by the num­
ber of cases of postoperative SSIs at the Brain Tumor & 
Neuro-Oncology Center at the Cleveland Clinic from 

2001 to 2008 (57 per group). Although it appears that 
patients with an infection tend to have higher glucose 
levels (Fig. 1), the observed differences failed to achieve 
statistical significance (Table 1). If the sample size could 
be increased, it is possible we could have achieved sta­
tistical significance for this variable. However, given the 
small differences observed between controls and cases, 
the findings would still be unlikely to be clinically sig­
nificant. This study also includes several advantages. This 
work is significant because no study of this nature has 
been reported on this group of patients. The power of the 
study was increased by the matched case-control design. 
As recent studies have shown, because control or preven­
tion of hyperglycemia is beneficial in some populations 
but not in others,12 it is important to study each patient 
population of interest.

Conclusions
In patients with a diagnosis of brain tumor, who un­

derwent a craniotomy and definitive resection, we did 
not find that hyperglycemia was associated with SSI. It 
is possible that more stringent control of blood glucose 
levels—with attendant risks of symptomatic hypoglyce­
mia—will demonstrate that levels < 130 mg/dl (the lower 
limit examined here) may prove beneficial. However, this 
would require a large, multicenter, prospective trial. A 
future study that further matches cases and controls to 
duration of surgery may reveal whether hyperglycemia is 

TABLE 2: Summary of univariate conditional logistic 
regression analysis of potential risk factors associated 
with postoperative SSI

Variables OR (95% CI) p Value

previous diagnosis
  hypertension 1.33 (0.56–3.16) 0.51
  DM 1.40 (0.44–4.41) 0.57
  CAD 2.00 (0.68–5.85) 0.32
tobacco use ever 0.86 (0.40–1.85) 0.70
duration of surgery* 1.23 (0.97–1.57) 0.09
adherence to antibiotic prophylaxis 1.22 (0.51–2.95) 0.66
ASA classification 0.79
  2 referent
  3 1.36 (0.43–4.33)
  4 1.92 (0.25–14.55)
BMI 0.98 (0.91–1.05) 0.55
time-adjusted glucose level† 1.32 (0.98–1.81) 0.07
glucose level† 1.29 (0.94–1.81) 0.10
  Day 0 1.17 (0.92–1.49) 0.20
  Day 1 1.22 (0.98–1.49) 0.07
  Day 2 1.08 (0.80–1.49) 0.59

*  ORs for duration of surgery are per 1 hour change.
†  ORs for glucose are per 20-unit change.

TABLE 3: Summary of multivariate conditional logistic 
regression analysis of potential risk factors associated 
with postoperative SSI

Variables OR (95% CI) p Value

glucose level* 0.94 (0.54–1.49) 0.83
duration of surgery† 1.43 (1.005–2.05) 0.047
adherence to antibiotic prophylaxis 1.80 (0.59–5.46) 0.30

*  ORs for glucose are per 20-unit change.
†  ORs for duration of surgery are per 1 hour change.

Fig. 2.  Bar graph comparing the risk of SSI with duration of surgery, 
according to infection group, for patients undergoing craniotomy. The 
duration of surgery was divided into < 3 hours, 3–5 hours, and > 5 
hours. An increased risk of SSI was found in the longer surgery duration 
groups (3–5 hours and > 5 hours).
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associated with SSI for patients who undergo craniotomy 
for definitive resection of a brain tumor.
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TABLE 4: Summary of univariate conditional logistic 
regression analysis of different hyperglycemic levels 
associated with postoperative SSI

Glucose Level OR (95% CI) p Value

≥130 mg/dl 1.25 (0.59–2.67) 0.56
≥150 mg/dl 1.63 (0.67–3.92) 0.28


