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ABSTRACT
This study aimed to evaluate the impact of glucose administration in form of 5% dextrose in 0.9% saline (DNS) alternately with lactated ringer's solution (RL) starting prior to induction of anesthesia on blood glucose level (BGL) in patients assigned to have neurosurgical procedures extending for more than 4 hours. The study included 46 (27 males and 19 females) adult non-diabetic elective neurosurgical patients in ASA grade I and II with mean age of40±6.6 years. Patients were maintained on overnight fasting for 8 hours with no preoperative intravenous fluids administration and were randomly allocated into 2 equal groups: DNS/RL group received 500 ml of DNS and RL solutions alternately and RL/NS group received 500 ml of RL and 0.9% normal saline (NS) alternately. The study was terminated at the end of administration of two liters of fluid or if BGL decreased to <70 mg/dl. Fluids were administrated at rate of 3 ml/kg/min and BGL was measured at preinduction and at the termination of each 500-ml of fluid. Intra-operative hypoglycemia was encountered in 3 patients (13%) in RL/NS group as their BGL decreased to <70 mg/dl and was treated with DNS administration. Throughout the study period, BGL were significantly (P2>0.05) elevated in both groups compared to their pre-induction levels irrespective of the type of fluid administered. However, BGL in RL/NS groups showed a progressive steadily elevation in each sample in comparison to the preceding one. In DNS/RL group, BGL estimated at the end of the 1st and 3rd bottles (DNS solution) were significantly (Pi<0.005 & <0.001, respectively) higher compared to RL/NS group, while BGL estimated at the end of the 2nd and 4th bottles (RL solution) were significantly lower compared to levels estimated at the end administration of DNS solution with a non-significant difference compared to RL/NS group at the same time of estimation. In conclusion, administration of glucose in form of 5% dextrose in 0.9% saline alternatively with lactated ringer's solution starting prior to induction of anesthesia in patients assigned to have neurosurgical procedures extending for more than 4 hours modulates blood glucose levels within the acceptable limits while avoiding the risk ofhyper-or hypoglycemia.
INTRODUCTION
Intraoperative glucose administration is advocated for prevention of hypoglycemia, to provide energy, to allow free water administration, to prevent ketosis and to conserve protein, W. However, there is a considerable controversy regarding glucose administration during intracranial surgery; animal and human studies suggest that hyperglycemia exacerbates ischemic brain damage and on the other hand, hypoglycemia can be a serious problem if glucose-containing

solutions are avoided during the first four hours, <2>. Stress hyperglycemia in response to surgery develops from increased gluconeogenesis and insulin resistance due to increased catecholamine levels, <3> and is a physiological event that tends to counter the tendency for hypoglycemia, <4l Moreover, the corticosteroids that many neurosurgical patients receive for treatment of brain edema can also alter glucose tolerance, <5>. Lukins & Manninen, <6> found perioperative administration of
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dexamethasone has been associated with increased blood glucose in non-diabetic patients undergoing craniotomy with the peak blood glucose concentrations had reached about 9 h after the induction of anesthesia and they recommend that the blood glucose concentration must be monitored for at least 12 h in non-diabetic neurosurgical patients who are newly administered dexamethasone.
Hyperglycemia aggravates ischemic cerebral injury and is a prognostic factor for mortality in critically ill patients either in the presence or in the absence of diabetes mellitus, w. Although the specific mechanisms by which hyperglycemia contributes to poor outcomes are as yet unknown, disruption of normal mitochondrial respiration, direct glucose toxicity, accumulation of asymmetric dimethylarginine, and impairment of immune cell function are among the possibilities implicated, <8>.
Glucose is pro-inflammatory and even a 75-g glucose load given orally to normal subjects' results in profound oxidative stress and inflammatory changes at the cellular and molecular level. This occurs even without an increase in plasma glucose concentrations into the pathological range and in spite of endogenous insulin secretion, <9>. Therefore, if high plasma glucose concentrations are maintained, they can be expected to be profoundly pro-inflammatory; this is indeed the case, especially if endogenous insulin secretion is inhibited <10>.
For decades, hyperglycemia was thought to be merely a marker of disease, and was tolerated as long as glucose levels were not excessively high (e.g., over 11.0 mmol/L). However, van den Berghe et al., <n> found rapid lowering of blood glucose levels, using intensive insulin therapy, below 6.1 mmol/L and subsequent maintaining of normoglycemia reduces mortality and morbidity markedly. Thereafter, Krinsley, < 12>, reported a decrease in mortality was achieved with tight glucose control, <13>.
Currently available recommendations for intraoperative fluid management of neurosurgical patients are not clear with regard to the amount and timing of administration. Withholding glucose from intraoperative fluid regimen has been suggested in neurosurgery Tanta Medical Journal Vol. (34), July 2006

when associated with hypotension, raised ICP and brain retraction with resultant brain ischemia. At the same time, risk of hypoglycemia during such a regimen has been documented, <14>. With surgical procedures longer than 4 hours, the effects of withholding glucose in the face of surgical stress and intra​operative starvation are not known. Therefore, administration of glucose is probably warranted during surgical procedures longer than 4 hours. Blood glucose concentrations more than 200 mg/dl are not usually attained in non-diabetic subjects, if glucose is given slowly. Studies on fasting subjects suggest that 100-150 g of glucose may be given intra-operatively during prolonged surgery, <15>.
Also, it is questionable if it is necessary to withhold glucose totally during the first 4 hours of surgery; most of the evidence recommending avoidance of glucose containing solutions in neurosurgical patients is based on global ischemic models, where hyperglycemia increased both morphologic brain damage and severity of neurological deficits, <16>. In contrast, neurosurgical patients are at risk of focal rather than global ischemia. Studies in focal ischemic models have shown that hyperglycemia prior to the onset of ischemia may be beneficial and reduce the severity of ischemic neuronal damage.
This study aimed to evaluate the impact of glucose administration in form of 5% dextrose in 0.9% saline alternately with lactated ringer's solution starting prior to induction of anesthesia on blood glucose level in patients assigned to have neurosurgical procedures extending for more than 4 hours.
PATIENTS & METHODS
This study was conducted at Anesthesia and Neurosurgery Departments, Benha University Hospital, and included 46 adult non-diabetic elective neurosurgical patients in ASA grade I and II. All patients underwent preoperative estimation of blood glucose levels (performed in University Hospital Laboratories) to ascertain that the selected patients were non-diabetic. Patients were maintained on overnight fasting for 8 hours with no preoperative intravenous fluids administration.
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Patients received balanced general anesthesia comprising of induction with morphine 0.15 mg/kg and thiopentone 5-7 mg/kg and endotracheal intubation after pancuronium 0.15 mg/kg IV. Anesthesia was maintained with isoflurane 0.5-1.0% in nitrous oxide and oxygen (60:40). Intraoperative monitoring included ECG, noninvasive monitoring of blood pressure, pulse oximetry and end-tidal CO? partial pressure, and urine output.
Patients were randomly allocated into 2 equal groups according to type of fluid therapy: DNS/RL Group received 500 ml of 5% dextrose in 0.9% saline (DNS) and lactated ringer's solution (RL) alternately and RL/NS Group received 500 ml of RL and 0.9% normal saline (NS) alternately. The study was terminated at the end of administration of two liters of fluid or if the blood glucose levels decreased to less than 70 mg/dl. Fluids were administrated at rate of 3 ml/kg/min; but the rate could be adjusted according to the clinical requirements of the patient. Mannitol was administered to all patients with supratentorial mass lesions; it was started about 60-75 min after the first blood sample was collected (This time was required for positioning the patient, draping and scalp reflection). Fluid administration was adjusted to maintain a negative balance of around 1.0-1.5 L until the time of tumor decompression. The negative balance was corrected towards the end of the surgery. Blood glucose levels were measured at preinduction and at the termination of each 500-ml of fluid for four estimations.
STATISTICAL ANALYSIS
Obtained data were presented as mean±SD, ranges, numbers and ratios. Results were analyzed using paired t-test and Chi-square (X2) test. Statistical analysis was conducted using the SPSS (Version 10, 2002) for Windows statistical package. P value <0.05 was considered statistically significant.
RESULTS
The study comprised 46 patients; 27 males and 19 females with mean age of 40±6.6; range: 29-52 years. Mean body weight was 80±5.8; range: 59-89 kg with a mean body mass index of 30.7±3.1; range: 24.4-37.5 kg/m2. There was a non-significant difference (p>0.05) between
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patients allocated in both groups in the demographic data, (Table 1). Patients underwent varied neurosurgical procedures with a non-significant difference (X2=0.868, p>0.05) in the frequency of each procedure between both study groups, (Table 2).
Intraoperative hypoglycemia was encountered in 3 patients (13%) in RL/NS group as their blood glucose levels decreased to <70 mg/dl and was treated with DNS administration. In one patient, blood glucose was 68 mg/dl at end of the 3rd bottle of fluid, but was increased to 114 mg/dl following administration of DNS; another 2 patients had blood glucose level of 47 and 58 mg/dl at end of the 2nd bottle of fluid (NS) but their blood glucose level was increased to 88 and 102 mg/dl, respectively, following administration of 500 ml of DNS.
Pre-induction blood glucose levels were non-significantly (Pi>0.05) different between both groups. Blood glucose levels estimated throughout the study period were significantly (P2<0.01) elevated in both groups compared to their pre-induction levels irrespective of the type of fluid administered. In RL/NS group, blood glucose levels showed a progressive steadily elevation in each sample in comparison to the preceding one, being significant at end of the 2ndbottle in comparison to after the 1st (P3<0.01) but was non-significant at the end of the 3rd (P4>0.05) and 4th bottles (P5>0.05) in comparison to the preceding sample, (Fig. 1). In DNS/RL group, blood glucose levels estimated at the end of the 1st and 3rd bottles were significantly (Pi<0.005 & <0.001, respectively) higher compared to that estimated in patients received RL/NS and non-significantly higher (Pi>0.05) at the end of the 2nd bottle but were non-significantly lower (Pi>0.05) at the end of the 4th bottle, (Fig. 2).
In patients received DNS/RL, blood glucose levels estimated at the end of the 2nd and 4th bottles (RL solution) were significantly lower compared to levels estimated at the end administration of DNS solution in the 1st (P4<0.001) and 3rd bottle (Ps<0.001) with a significantly higher blood glucose after the 3rd bottle compared to that estimated after the end of the lsl bottle (P3<0.01). However, blood glucose levels estimated in at end of the 2nd bottle was non-significantly lower than that
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estimated   after   the   end   of  the  4th   bottle        (P4>0.05), (Fig. 3). Table (1): Demographic data of studied patients
	
	DNS/RL Group (11=23)

	RL/NS Group (n=23)

	Total
(n=46)


	Age (years)

	41±6.6 (30-52)

	39±6.7 (29-51)

	40±6.6 (29-52)


	Sex; M:F

	14:9

	13:10

	27:19


	Body weight (kg)

	79.8±6.6 (59-89)

	80.2±5 (68-87)

	80±5.8 (59-89)


	Height (cm)

	163.1±6.1 (148-172)

	160.6±5.4 (155-175)

	161. 8±5.8 (148-175)


	BMI (kg/nf)

	30.1±3,1 (25-37.5)

	3 1.2±3. 1(24.4-35.7)

	30.7±3.1 (24.4-37,5)



Data are presented as meaniSD & ratio, ranges are in parenthesis
Table (2): Indications for neurosurgical intervention
	
	DNS/RL Group
(n=23)

	RL/NS Group (n=23)

	Total (n=46)


	Glioma

	8 (34.8%)

	9(39.1%)

	17(37%) _____


	Cerebelopontine angle tumor

	6 (26.1%)

	6 (26.1%)

	_12J26%) _____


	Tuberculoma

	2 (8.7%)

	_JJ4.3%) ______

	3 (6.5%)


	Meninigioma

	1 (4.3%)

	_JJ43%) _____

	2 (4.5%)


	Spinal lesions

	5 (21.8%)

	__4{HJ_*L-___

	9 (19.5%)


	Miscellaneous

	1 (4.3%)

	2 (8.7%)

	3 (6.5%)



Data are presented as meanlSD & ratio, ranges are in parenthesis
Table (3): Mean (±SD) of blood glucose levels estimated at the end of administration of each fluid bottle in both groups compared to their pre-induction levels
	DNS/RL Group (n=23)

	RL/NS Group (n=23)


	
	MeaniSD (range)

	Statistical analysis

	Mean±SD (range)

	Statistical analysis


	Pre-induction

	105.9±4.7 (100-115)

	
	107.2±5 (100-115)

	Pi>0.05


	Atendofbottle-l(Bl)

	174.1±28.4 (115-215)

	P2<0.001

	114.1±6.7 (105-125)

	Pi<0.005 P2<0.01


	Atendofbottle-2(B2)

	125.9±8.5 (105-135)

	P2<0.01 P3<0.01

	126.7±11.7 (105-150)

	Pi>0.05 P2<0.01 P3<0.01


	Atendofbottle-3(B3)

	210.4±38.4 (145-265)

	P2<0.001 P3<0.01 P4<0.001

	132.2±12.9 (105-150)

	Pi<0.001 P2<0.001 P3<0.01 P4>0.05


	Atendofbottie-4(B4)

	133.9±10.7 (115-165)

	P2<0.001 P3<0.01 P4>0.05 P5<0.001

	141.3±17.1 (100-165)

	Pi>0.05 P2<0.001 P3<0.001 P4<0.01 P5>0.05



Data are presented as mean±SD, ranges are in parenthesis
pi: significance versus DNS/RL group
pz: significance versus pre-induction level
Pj: significance versus level at end of 1st bottle
Pf. significance versus level at end of 2nd bottle
Pj: significance versus level at end of 3"1 bottle
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Fig. (1): Mean (+SD) of blood glucose level estimated at
end of each Infusion bottle used In RL/NS group in
comparison to pre-induction level
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Fig. (3): Mean (+SD) of blood glucose level estimated at
end of each Infusion bottle used In DNS/RL group in
comparison to pre-induction level
DISCUSSION
During intracranial surgery, cerebral blood flow may decrease to ischemic levels due to brain retraction, hypotension and raised intracranial pressure. Experimental evidence suggests that hyperglycemia might aggravate the ischemic neurological injury, (17>. Though it is generally accepted that hyperglycemia should be avoided during neurosurgical procedures with a threat of ischemic injury, the intraoperative fluid regimen to achieve the euglycemic state is not clear and avoidance of glucose containing solutions during the first four hours of surgery has been suggested. However, this recommendation may not be applicable to pediatric and diabetic patients. There are no clear guidelines in cases where the clinical status of the patient dictates intraoperative glucose administration, <18>.
The present study aimed to evaluate the impact of glucose administration alternatively with lactated ringer's solution starting prior to induction of anesthesia on blood glucose level in patients assigned to have neurosurgical procedures extending for more than 4 hours. The infusion rate was decided to be 3 ml/kg/hr depending on the results of Seiber et al., <19> who found that at infusion rate of 3-4 ml/kg/h, blood glucose was 200-242 mg/dl with DNS alone and was 120-165 mg/dl with NS alone. Tanta Medical Journal Vol. (34), July 2006

All patients had significantly elevated intraoperative blood glucose levels irrespective of the type of fluid administrated; this finding illustrated the impact of surgical stress on the endocrine-metabolic axis of the body being manifested as stress hyperglycemia. This finding goes in hand with Ouattara et aL, <20> and Doenst et aL, <21> who reported that during cardiac surgery stress response and cardiopulmonary bypass can induce profound hyperglycemia and intraoperative glycemic control may become difficult in both diabetic and non-diabetic patients. In support of this, the present study reported steadily progressive increase of blood glucose levels at each estimation time compared to the preceding estimated level in patients received RL/NS solution.
On contrary, intraoperative hypoglycemia was encountered in 3 patients (13%) in RL/NS group as their blood glucose levels decreased to 47, 58 and 68 mg/dl and was controlled with DNS administration. Thus, administration of glucose free fluid did not protect against the concomitant surgical stress hyperglycemia or the occurrence of hypoglycemia that reported in 13% of patients. These results agreed with Ittichaikulthol et aL, <2> who demonstrated that with only NS administration, 10% of their study
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had hypoglycemia with blood glucose decreased down to about 50 mg/dl. Also, Huang et al., <14> reported that intraoperative hypoglycemia occurred more often in adult patients during prolonged neurosurgical procedures when glucose-free solution was used for fluid maintenance. Similarly, Swamy et al., t22), found withholding glucose completely carries a risk of hypoglycemia that occurred in 11% of studied patients. Considering the fact that hypoglycemia can be acutely deleterious, withholding glucose totally from the intraoperative fluid regimen does not seem to be advisable and the need for modulation and adjustment of blood glucose according to the clinical requirements is mandatory.
In DNS/RL group, administration of DNS significantly elevated blood glucose levels in comparison to pre-induction levels and to levels estimated in the other group with a mean blood glucose level was 174 and 210 at the end of the 1st and 3rd bottles respectively. However, administration of RL alternatively significantly lowered the blood glucose levels compared to levels estimated after administration of DNS solution with a non-significant difference compared to levels estimated in the other group. The increased blood glucose levels after glucose administration goes in hand with multiple previous studies, but the rate of infusion did not allow blood glucose level to be very high, Schwartz et aL, <&) found that with rates of administration equal to or greater than 12.5 g/h (250 ml of 5% dextrose per hour for a 50kg patient), blood glucose was higher than 200 mg/dl. In another study, in patients who received 5% dextrose at 80 ml/h, blood glucose concentration was 161± 38 mg/dl and with 5% dextrose at 120 ml/h hyperglycemia occurred with blood glucose levels of 236 ± 63.5 mg/dl <2>. These studies used glucose only and in high infusion rates and thus concluded to abandon the use of intraoperative glucose, however, we used a low glucose concentration per minute irrespective of the patients' weight and alternatively tried to lower the blood glucose using RL solution thus at the end of each bottle of RL there was a non-significant difference of blood glucose level between both groups.
The steadily increased blood glucose in patients received RL/NS could be attributed to enhanced rate of gluconeogenesis and Tanta Medical Journal Vol. (34), July 2006

associated insulin resistance, in support of this explanation, Chambrier et al., fl), found increased levels of plasma fatty acids and ketone bodies during surgery in patients received RL only, while no similar change reported in those received glucose infusion, these findings point to metabolic shift to gluconeogenesis to provide alternative fuel sources and spares glucose through increasing tissue insulin resistance thus maintaining blood glucose level, on contrary, they reported glycemia with a significant increase in insulin during surgery in patients received glucose infusion. Moreover, Lettermann et al., <24> reported that exogenous glucose administration resulted in intraoperative suppression of endogenous glucose production with decreased rates of protein breakdown and amino acid oxidation and was associated with increased insulin blood levels.
As another support of this explanation, the hyperglycemic effect of glucocorticoids administered intraoperatively, glucocorticoids combat the action of insulin at many cellular levels, stimulate lipolysis and inhibit glycogenesis thus increasing the availability of substrates to gluconeongenesis and elevate blood glucose level, <5>. Furthermore, a recent study comparing the effects of DNS and 5% dextrose on cerebral edema and neurological outcome concluded that the concomitant hypo-osmolality rather than hyperglycemia per se is responsible for poor neurological outcome with 5% dextrose.
In conclusion, administration of glucose in form of 5% dextrose in 0.9% saline alternatively with lactated ringer's solution starting prior to induction of anesthesia in patients assigned to have neurosurgical procedures extending for more than 4 hours modulates blood glucose levels within the acceptable limits while avoiding the risk of hyper- or hypoglycemia.
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