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Abstract In a selected patient population, we evaluated

the glycemic response to different infusional policies in the

management of posterior cranial fossa tumor (PFT) removal.

We analyzed the perioperative course, prospectically col-

lected, of 137 children undergoing 150 surgical procedures.

Patients were divided in two groups according to different

intraoperative fluids (group A, 2.5% glucose; group B,

crystalloids). In group B glycemia remained below

125 mg dl-1, while group A showed persistently supranor-

mal glycemic plasma values, reaching statistical signifi-

cance at the end of surgery (P \ 0.018). As no perioperative

mortality occurred and no differences were found between

groups regarding PICU respiratory or infectious complica-

tions, PICU length of stay (LOS) was assumed as the main

outcome indicator. LOS was not influenced by group A or B

inclusion, while a new indicator, namely the Glycemic

Stress Index (GSI), representing both glycemic intraopera-

tive change and procedure length, showed significantly

different results in the study groups (P = 0.004). Our

clinical experience suggests that both intraoperative glu-

cose-free solutions are safe, and GSI can be a useful tool to

identify prolonged PICU stay patients.
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Abbreviations

BE Base excess

BW Body weight

CVP Central venous pressure

EBL Estimated blood loss

EBV Estimated blood volume

ERCM Estimated red cell mass

ERCMf Endoperative estimated red cell mass

ERCMi Preoperative estimated red cell mass

ERCMloss Estimated red cell mass loss

ERCMtrasf Estimated red cell mass transfused

EtCO2 End tidal carbon dioxide

EtHA End tidal halogenated agents

GSI Glycemic Stress Index

Hb Hemoglobin

Hct Hematocrit

HR Heart rate

IABP Invasive arterial blood pressure

ICU Intensive care unit

LOS Length of stay

MAC Minimum alveolar concentration

Na Sodium

NaHCO3 Sodium bicarbonate

PFT Posterior cranial fossa tumor

PICU Pediatric intensive care unit

PRBC Packed red blood cells
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SAH Sub-arachnoid hemorrhage

SpO2 Pulse-oximetry

SVCSVO2 Superior vena cava mixed venous saturation

TBI Traumatic brain injury

WHO World Health Organization

Introduction

It has been appreciated for over a century that severe illness

is associated with hyperglycemia. However, for most of that

time, ‘‘stress hyperglycemia’’ has been either largely

ignored or assumed to be adaptive. It is now well established

that both the degree and the duration of hyperglycemia are

independent risk factors for adverse outcome [1–3].

Although similar studies have rarely been published in

the pediatric population, critically ill infants and children

may benefit from glycemic control during the perioperative

period. To date, few studies have been published investi-

gating blood glucose trends in pediatrics throughout critical

illness. Available data suggest that pediatric patients are at

risk of becoming hyperglycemic when undergoing physi-

ologic stress and therefore may be exposed to similar risks

as adult patients [4, 5]. According to these findings, it

seems reasonable to make every effort to control glucose

plasma levels during major surgical procedures, especially

in the neurosurgical setting, due to the possible correlation

between hyperglycemia and poor outcome. The infusional

policies should be considered the cornerstone of this

strategy. As 5% dextrose solutions are associated with

hyperglycemia [6, 7], solutions with a lower glucose con-

centrations (from 2.5% to 0.9%) have been evaluated

[8–10]. However, one of the major obstacles encountered

in designing a pediatric intervention trial for tight glycemic

control is the concern about hypoglycemia due to the

reduced glycogen reserve, especially in the setting of

physiologic stress [11].

Our aim was to evaluate the glycemic response to two

different infusional policies in the critical care management

of a selected population of children (with posterior cranial

fossa tumors, PFT). We also proposed a new scoring sys-

tem related to glycemic stress called the Glycemic Stress

Index (GSI).

Materials and methods

From January 1993 to December 2003, 137 children (69

males, 68 females) aged from 1 to 194 months underwent

150 surgical procedures for infratentorial tumor resection at

the Catholic University Medical School, Rome, Italy.

Throughout the time period, the surgical goal was the most

extensive tumor resection with the best possible neurological

outcome.

All patients were admitted to the PICU in the post-

operative period. The main patient data are shown in

Table 1. Forty children (group A) received 2.5% glucose

in balanced electrolyte solution, while 110 patients (group

B) were given only saline solutions intraoperatively. Both

groups received 5% glucose solution in saline after PICU

admission. Thirty-six children (22 males, 14 females)

were transfused with homologous packed red blood cells

(PRBC) intraoperatively and 2 postoperatively. The

following laboratory variables, glucose, Na, Ht, Hb, pH,

BE and NaHCO3, were recorded before surgery (T0),

at dural closure (T1), at PICU admission (T2) and 24 h

after surgery (T3). Histopathology, tumor location and

the number of procedures for each patient were also

collected.

Normoglycemia (\110 mg dl-1), reduced tolerance

to glucose (110–125 mg dl-1), hyperglycemia ([125mg

dl-1) and hypoglycemia (\50 mg dl-1 in infants, \60

mg dl-1 in children over 12 months) levels were estab-

lished according to National Diabetes Data Group and

WHO criteria [12].

The two groups were homogeneous for age, sex, weight,

steroid treatment, rate of fluid intake (intra- and postoper-

ative) and duration of surgery (Table 1). The review of the

medical records was approved by the institutional Ethical

Committee.

Anesthesia management

General anesthesia was induced through a face mask with

sevoflurane or halothane and O2 in non-cooperative

patients and by means of thiopentone (3–4 mg kg-1) or

propofol (2 mg kg-1) in the older children. Two cannulas

were positioned into large-size peripheral veins (large

saphenous venous if possible) together with a central

venous line (G 18/20/22 depending on patient age) in the

internal jugular vein. Since 2001, central venous access has

been achieved through echo-guided procedures. Intraop-

erative monitoring consisted of:

• Heart rate (HR)

• Invasive arterial blood pressure (IABP)

• Central venous pressure (CVP)

• Superior vena cava mixed venous saturation (SVCSVO2)

• Pulse-oximetry (SpO2)

• End tidal halogenated agents (EtHA)

• End tidal carbon dioxide (EtCO2)

• Spirometry

• Peripheral and core temperature

• Urine output

• Acid–base status, Hb/Hct/Plt, serial determinations
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Body temperature was maintained by a hot air warming

mattress; fluid infusions were warmed by a thermostatic

system. Muscle relaxation was obtained by vecuronium

bromide (0.07 mg kg-1) or cisatracurium (0.1 mg kg-1

bolus, 2 lg kg-1 min-1 continuous infusion). Endotra-

cheal intubation was executed using cuffed tracheal tubes.

General anesthesia was maintained by isoflurane (MAC 1)

and fentanyl (1–3 lg-1 kg-1 h-1 according to patient

status), while ventilation was performed through Servo

Ventilator 900 C (Siemens Elema, Sweden) on the volume-

controlled mode.

Fluid balance and blood loss management

Fluid balance was maintained with crystalloids at the rate

of 4 ml kg-1 h-1 until dura opening, then 8–10 ml

kg-1 h-1 subsequently. Intraoperatively warmed fluids

were infused by means of volumetric pumps (Abbott).

Until 1996, balanced electrolyte solutions with 5% glucose

were infused [Normosol R with glucose 5% (50% of fluid

intake) plus Normosol R without glucose for the remaining

50%] to provide appropriate total glucose requirements for

healthy children (group A) (6]; since 1997, glucose

solutions have not been infused during surgery due to

a different policy of intraoperative fluid management

(group B).

For all patients we estimated EBV according to the

following formula: K * Body Weight (BW) where K is a

factor depending on age (80 ml in infants, 75 in children

under 3 years, 70 in patients over 3 years, 65 in obese

patients). Intraoperative red cell volume loss was calcu-

lated according to the Kearney formula: ERCMloss =

ERCMi - ERCMe ? ERCMtrasf where i is before surgery,

e is end of surgery, and transf is red cell volume transfused

[13]. We also determined ERCM loss ratio (i.e., ERCMloss/

ERCMi * 100).

During surgery, blood loss was calculated, on the basis

of estimated red cell volume, by serial measurements of

Hct [14], provided a constant central venous pressure was

maintained. Vital signs, monitoring systems and laboratory

data, such as IABP, CVP, SpO2, EtCO2, core and periph-

eral temperature, urine output, serum osmolality, acid–base

status and serum proteins, were also considered to

clinically assess the volemic status of the patient. Intra-

operatively, according to international guidelines on blood

loss [15], clotting function was controlled when the EBL

was more than 70% of the EBV, while a control of coag-

ulative parameters was performed anyway at the end of

surgery.

Restoration of volemia was achieved with colloid infu-

sions (Hemacell� or starches at the maximum IO rate of

15–20 ml kg-1, then 5% human albumin).

Table 1 Baseline

characteristics of the two study

periods

Data are expressed as

mean ± SD or number (%)

Bold entries denote statistically

significant values

Group A: 40 patients

(2.5% glucose)

Group B: 110 patients

(no glucose)

P

Age (months) 62.1 ± 36.7 61.8 ± 42.6 0.971

Weight (kg) 23.4 ± 13.2 24.6 ± 15.4 0.650

Males 23 (57.5) 55 (50) 0.267

Tumor site 0.101

Cerebellum 17 (42.5) 37 (33.6)

Brainstem 8 (20) 11 (10)

Vermis 0 12 (10.9)

4th ventricle 13 (32.5) 43 (39.1)

Other 2 (5) 7 (6.4)

Histology 0.928

Pilocytic astrocytoma 15 (37.5) 41 (37.3)

Ependymoma 5 (12.5) 18 (16.4)

Medulloblastoma 13 (32.5) 35 (31.8)

Other 7 (17.5) 16 (14.5)

Surgery duration (hours) 6.30 ± 1.40 5.85 ± 1.12 0.054

Intraoperatively transfused patients 13/40 (32.5%) 23/110 (21%) 0.11

ERCM loss/ratio 0.2748 (± 0.27) 0.2182 (± 0.16) 0.707

PICU stay (hours) 85.97 (± 97.40) 71.16 (± 72.10) 0.322

Arterial BE Picu-adm -2.982 (± 3.436) -1.021 (± 3.466) 0.0059

pH Picu-adm 7.413 (± 0.012) 7.396 (± 0.006) 0.203

MV time (hours) 25.35 (± 3.188) 24.65 (± 2.551) 0.08
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Intraoperatively, when bleeding was ongoing, the

minimum acceptable Hct of the patient was 21% (postop-

eratively 18% on stable cardiorespiratory status). When

necessary, PBRCs were transfused to restore Hct or when

signs of inadequate O2 tissue delivery appeared (metabolic

acidosis, lactic acidosis with hemodynamic instability). In

the postoperative period, we continued a careful monitoring

of fluid balance and blood loss during the following 72 h.

The patients were transferred to the pediatric neurosur-

gery ward according to an institutional PICU discharge

protocol (i.e., when hemodynamic parameters, metabolic

conditions and neurological status were stable for at least

8 h). No transferred patient was re-admitted to the PICU in

the first 7 days after discharge.

Statistical analysis

All data were analyzed with SPSS for Windows rel. 13.0

(SPSS Inc., Chicago, IL), and P-values \ 0.05 were con-

sidered statistically significant. Proportions were compared

by v2 test or Fisher’s exact test where appropriate. Normal

distribution of data was primarily tested with Kolmogorov–

Smirnov test, then continuous variables were contrasted

by the Mann–Whitney U-test or the Student’s t-test, as

appropriate.

Variables that were significantly different between the

two study groups at the univariate analysis were used to

derive a new index, the ‘‘Glycemic Stress Index,’’ which is

proposed as an indicator of the perioperative metabolic

stress, calculated as follows:

GSI¼ End-operative glycemia=Pre-operative glycemiað Þ
� Surgery duration=100

To analyze the association with PICU LOS, the index was

analyzed with multiple linear regression, using the back-

ward-stepwise technique. Factors included in the model

were patient age, weight, sex and tumor site. GSI was then

subjected to receiver-operator characteristics (ROC) anal-

ysis to study the index reliability for predicting PICU stay.

The threshold of 200 h was selected as a cutoff for the

ROC analysis because of our PICU length of stay (con-

sidering the mean stay and its standard deviation, the

majority of patients had a PICU stay \190 h).

Results

Baseline characteristics of the study population are shown

in Table 1. Transfusion rate and blood loss were similar in

the two groups (P [ 0.11 and P [ 0.707, respectively), as

was for other demographic and clinical variables. Follow-

ing PICU admission, no differences were recorded

regarding infectious or metabolic complications and time

on ventilator.

Table 2 shows the glycemic trends of groups A and B

recorded at selected time points [i.e., baseline (T0), at dural

closure (T1), on PICU admission (T2) and at 24 h after

surgery (T3), respectively]. Although group A glucose

plasma levels resulted in being higher at all time points

(Figs. 1, 2, 3), the only statistically significant difference

was recorded at dural closure (P = 0.018). Of note, group

B glucose plasma levels remained below 125 mg dl-1

throughout the whole treatment period. On the contrary,

group A patients showed abnormal glycemia values both at

T1 and T2: in fact, 57% and 60% of group A patients

showed glycemic levels higher than 125 mg% at T1 and

T2, respectively, while in group B (no glucose patients)

only 28% and 38% of the patients were above this

threshold (Figs. 1, 2).

The no-glucose strategy also resulted in being safe,

avoiding dangerous hypoglycemic drops: Figures 1 and 2

illustrate the distribution of individual glucose plasma lev-

els of groups A and B patients at T1 and T2, respectively.

Interestingly, no patients who did not receive glucose

infusions during surgery showed glycemic values below

the hypoglycemic threshold (60 mg dl-1). Intraoperative

glucose levels have not been systematically checked

out, though patients had intraoperative glucose determina-

tions (as glucose level is determined simultaneously with

Table 2 Glycemic data in the two study groups

A (2.5% glucose) 40 Range

min–max

B (no glucose) 110 Range

min–max

P

Preoperative blood glucose 86 (74–90) 57–269 85 (75.2–97.7) 52–248 0.724

Intraoperative-blood glucose 109 (95.0–132.0) 65–201 105 (88.0–112.0) 68–205 0.231

End-operative blood glucose (dural closure) 130 (107.5–163) 73–281 116.5 (103.2–130) 63–211 0.018

Blood glucose at PICU admission 139 (109–163.3) 87–367 123 (109–154) 75–246 0.104

Blood glucose at 24 h from PICU admission 112 (97.5–121.5) 59–149 108 (98–120.5) 65–154 0.940

GSI 6.1 ± 3.2 4.7 ± 2.4 0.004

Data are expressed as median (IQR); glycemia (mg dl-1)

Bold entries denote statistically significant values
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arterial gas analysis and electrolytes). Moreover, upon

careful examination of anesthesiological records, no intra-

operative hypoglycemic episodes were registered, and no

hypertonic glucose was needed intraoperatively. The

median intraoperative glucose level for group A and group

B is 108 and 105 mg dl-1, respectively. A global compar-

ison of glycemic values between groups has been added in

Fig. 3.

As in our study population, no intraoperative or early/

late postoperative mortality occurred (within the first week

and 7–30 days after surgery, respectively), and no respi-

ratory or infectious complications (two patients in group A

vs. five patients in group B, P = 0.899); the PICU LOS

was assumed to be the main outcome indicator. LOS was

not influenced significantly by the simple group A or B

inclusion (Table 1). We then identified a new index—

called the Glycemic Stress Index (GSI)—describing the

intraoperative glycemic variation corrected by the duration

of surgery. This index was significantly different between

the two study groups (A: 6.1 ± 3.2 vs. B: 4.7 ± 2.4;

P = 0.004): on multiple linear regression analysis, PICU

LOS was significantly influenced by GSI (st. b coefficient:

0.25, P = 0.022), while patient age, body weight, sex,

blood loss and tumor location were not significant.

Figure 4 illustrates GSI performance for predicting

PICU stay over 200 h. Reliability of such ROC analysis is

statistically significant (AUC = 0.792; P = 0.016); all

patients with a GSI [4.11 had a PICU LOS longer than

200 h (sensitivity 100%, specificity 35%). Figure 5

Fig. 1 End-operative (at dural closure) glycemia. Black triangles
represent patients receiving no glucose in the perioperative period.

Grey dots represent children receiving glucose infusion in the

perioperative period. Horizontal lines are drawn at 60 and

125 mg dl-1

Fig. 2 PICU-admission glycemia. Black triangles represent patients

receiving no glucose in the perioperative period. Grey dots represent

children receiving glucose infusion in the perioperative period.

Horizontal lines are drawn at 60 and 125 mg dl-1

Fig. 3 Comparison of glycemic levels between group A and group B

at different time points: (a) preoperatively, (b) intraoperatively (i.e.,

from the 2nd to the 5th intraoperative hour), (c) end-operatively, at

dural closure, (d) at PICU admission, (e) 24 h after PICU admission
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illustrates GSI performance for predicting PICU stay over

200 h in groups A (AUC = 0.790) and B (AUC = 0.721),

respectively.

Discussion and conclusions

This study demonstrates that the no-glucose strategy allows

the maintenance of normal glucose plasma levels in chil-

dren undergoing PFT surgery, avoiding dangerous

hypoglycemic episodes. The comparison with the previous

low-glucose strategy showed clinically different glycemic

trends in our patients. By taking into account also the

duration of surgery, we proposed a new index, the GSI, for

the metabolic evaluation of our patient population. The

GSI was a significant predictor of the postoperative

intensive care need, expressed as PICU LOS.

Glucose requirements in pediatric patients have been

reassessed recently with consideration of the hazards of

both hyperglycemia and hypoglycemia, and the changes of

glucose levels during surgery. The prevalence of hyper-

glycemia in the PICU varies from 17% to 75% within the

first 10 days of admission, and a threefold increase in

mortality over matched euglycemic controls and a longer

length of stay was identified [12]. However, in the pediatric

population it may have different effects on morbidity or

mortality compared with adults as a consequence of dif-

ferent metabolic demands, comorbid conditions or age

dependence [16].

A proinflammatory effect of hyperglycemia has been

recently postulated [17]; this may be relevant in critically

ill children, yet affected by proinflammatory events, such

as intracranial surgery and significant blood transfusion, as

in our setting.

The uncertainty regarding acceptable age-related norms

for euglycemia in critically ill children may cause reluc-

tance to accept strict glucose control, with the potential for

complications related to hypoglycemia being highest in

children 3–5 years old [5].

Data from neurotrauma studies in adults revealed that

hyperglycemia markedly influences the clinical outcome

[18, 19], as was the case for experimental ischemic/anoxic

models [19]. Hyperglycemia is also known to exacerbate

ischemic neurologic injury [19–21], as demonstrated for

SAH patients [22, 23]. An association between poor out-

come and hyperglycemia has been proposed also in

pediatric neurotrauma patients [24].

As hyperglycemia should be considered harmful in brain

damage from all causes, every effort should be made to

Fig. 4 ROC curve for GS Index to predict PICU stay C200 h [AUC:

0.792; P: 0.016; (best GS Index cutoff value 4.11; sensitivity 100%;

specificity 35%)]

Fig. 5 ROC curves for GS

Index to predict PICU stay

C200 h [AUC: 0.790 (best GS

Index cutoff value: 4.11;

sensitivity 100%, specificity

39% for the group ‘‘2.5%

gluc’’)], [AUC: 0.721 (best GS

Index cutoff value: 6; sensitivity

100%, specificity 60% for the

group ‘‘no gluc’’)]
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control glucose plasma levels during invasive neurosurgi-

cal procedures. Our data are in agreement with the

Leelanukrom statement against unnecessary glucose

administration in patients at risk of hypoxic–ischemic

episodes, since hyperglycemia can worsen the neurological

outcome and hyperglycemia per se may cause cerebral

damage [25]. The exact mechanisms of such neurological

deterioration are not clearly defined; intracellular acidosis

caused by increased tissue lactate concentration and

anaerobic glycolysis has been proposed. Interestingly, in

our experience, a significant increase in arterial BE was

observed only in group A children (Table 1). A thresh-

old value of 180–216 mg dl-1 of pre-ischemic plasma

glucose has been suggested experimentally [26] and

125–140 mg dl-1 in the clinical practice [27–29].

However, the risk of hypoglycemia resulting from per-

ioperative starvation has been extensively studied since the

early 1970s with conflicting results. Hypoglycemic events

can be difficult to detect under anesthesia and can produce

severe brain damage if not corrected in a timely manner,

mostly in the developing child [30].

The incidence of hypoglycemia at the beginning of sur-

gery has been estimated at 0.5–2%, excluding neonates and

premature babies [6, 8, 31], increasing to 31% in children

below the third percentile body weight [32]. As shorter

preoperative fasting periods are now recommended, hypo-

glycemia now may be less common than previously.

Notwithstanding, most pediatric anesthesiologists continue

to administer glucose, even if its amount has been dramat-

ically reduced since the 1990s. As 5% dextrose solutions can

be associated with hyperglycemia [6, 7], lower glucose

concentration solutions (from 2.5% to 0.9%) have been

introduced following some convincing clinical trials [8–10].

However, in the present study, also children receiving

2.5% dextrose solutions (group A) showed a statistically

significant increase in the glucose plasma level at T1

(P [ 0.018, Table 2) and similar trends at other time

points, if compared with group B (no glucose). The dif-

ferent setting of our study should be considered, in

comparison with previous experiences focused on minor,

non-hemorrhagic surgical procedures [8–10]. As a conse-

quence, our patient population—representing a very

homogenous sample—is quite different and not fully

comparable. Another major point is that we never detected

hypoglycemia in group B patients throughout the whole

perioperative period (Figs. 1, 2]. However, at dural closure

only 28% of group B patients were above 125 mg dl-1

versus 57% of glucose-receiving patients.

Blood products contain glucose in the preservative

solution (270/360 mg dl-1 of PRBC); consequently, they

represent an exogenous source of glucose supply, leading

to increased glycemia in transfused patients [33, 34]. In our

patient population, groups A and B were not statistically

different regarding the transfusion rate and ERCM-loss

ratio, a reliable marker of blood loss (Table 1).

Given the short postoperative PICU course, the absence

of other hyperglycemia-related side effects (e.g., infec-

tions, metabolic derangements) is not surprising. A major

finding of our study is that the glycemic increase (over a

period of surgical stress), not the glycemic level per se, is

relevant [5] and appears to influence the PICU stay. In fact,

even if the PICU LOS was not different between groups, it

appears strongly related to GSI, which significantly varied

between patients receiving glucose or not. We could

determine a cutoff value for this indicator, predicting a

PICULOS [ 200 h, suggesting that GSI could be useful to

individuate patients at higher risk for prolonged PICU LOS

(Figs. 4, 5). Since group A received 2.5% glucose, showing

higher serum glucose levels, and was treated earlier than

group B, the ROC curve might merely represent the dif-

ference in timing, and the GSI an association phenomenon.

To eliminate this potential bias, and to demonstrate that

GSI is a viable concept, we separate ROC curves within

each group, thus eliminating the influence of a timing

effect. Anyway, AUC values are very similar both if we

consider the whole study population or the two groups

according to infusion policy.

This study has some limitations that need to be

addressed: first of all, it is a retrospective analysis of

prospectically collected data; however, it is important to

note that, as already mentioned, we considered a very

homogenous population. Moreover, we did not evaluate

other metabolic data, such as lipid mobilization during

prolonged surgery [7, 10], this being a matter of ongoing

studies based on indirect calorimetry. Thus, we cannot

suggest to extend our findings to longer neurosurgical

procedures—lasting[6 h—because, in the absence of data

coming from a specific study, we cannot exclude the risk of

intraoperative hypoglycemia.

In fact, GSI efficaciously represents the intraoperative

dynamic glycemic variation, not glycemic fluctuations.

This will be accomplished by multiple—or even continu-

ous—glucose determinations [35]. Another main point is

that an association between two variables (GSI and PICU-

LOS) does not automatically mean a causal relationship,

while future wider randomized studies are warranted to

better define the role of other glycemic parameters and to

clarify a possible causal relationship between glycemia and

PICU stay.

In conclusion, the results of our study suggest that an

intraoperative infusion of glucose-free balanced solution is

safe in pediatric neurosurgical patients, as it allows main-

taining blood glucose levels within normal range and does

not expose the children to a significant risk of hypoglyce-

mia. GSI can be a useful tool to identify patients who will

have prolonged PICU stays.
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