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            J THORAC CARDIOVASC SURG 91:451-459, 1986 Glucose-insulin interactions during cardiopulmonary bypass Hypothermia versus normothermia Since hypothermia is commonly used to lower local and general metabolism during cardiopulmonary bypass,weattempted to identifyits specificeffectson glucose-insulin interactions. A group of nondiabetic patientsundergoing hypothermic(28° C) cardiopulmonary bypass with ischemic (cold) cardiac arrest was compared to a similar group operated on under normothermic conditions with potassium cardioplegia. In the absenceof exogenous dextrose administration, hypothermia blockedinsulinsecretion for the duration of the operation. It also inhibited insulin secretion in response to an exogenous dextrose load (e.g., the priming fluid of the cardiopulmonary bypass circuit) or a glucagon injection, but this inhibitionwas lifted by rewarming. Bloodglucose levels, which during normothermia were mildly elevated evenin the absence of dextrose administration, remained normal during the hypothermic phase of cardiopulmonary bypass. By the end of the rewarming period, however, blood glucose levels had reached the same level as observed undernormothermic bypass, a fact suggesting that the cold inhibitionof hepatic glucose production bad been only temporary. Cold inhibition of hepatic glucose production also explains why glucose clearance after a sudden dextrose load was initially faster at low body temperature than at normal temperature. Glucose-clamp studies indicated that insulinresistance was initiated by anesthesia and surgical trauma, and further accentuated by cardiopulmonary bypass, in association with elevated levels of hormones indicative of surgical stress. Regardless of body temperature changes, the assimilation of glucose by nondiabetic subjects during and immediatelyafter bypass called for the infusion of large doses of insulin. A comparison with diabetic subjects showedthat insulin-dependent patients (type I diabetes)required no moreinsulin during cardiopulmonarybypass than normal subjects, whereas patients with type II diabetes exhibited a marked insulin resistance during the operation and in the immediate postoperativeperiod. F. R. Kuntschen, M.D., P. M. Galletti, M.D., Ph.D., and C. Hahn, M.D., Arzier, Switzerland, and Providence, R. I. A mild hyperglycemia associated with a depressed insulin action is typical of normothermic cardiopulmo- nary bypass (CPB) conducted without exogenous glu- cose or insulin administration.' A glucose load in the priming fluid elicits a substantial increase in blood insulin levels, yet return to normoglycemia is delayed. These phenomena have been explained by an increased hepatic glucose production, an insufficient insulin From the Cardiovascular Research Center Arzier, Switzerland (Drs. Kuntschen and Hahn), and the Artificial Organ Laboratory, Brown University, Providence, R.I. (Dr. Galletti). Received for publication April 8, 1985. Accepted for publication May 10, 1985. Address for reprints: Dr. Pierre M. Galletti, Box G, Division of Biology and Medicine, Brown University, Providence, R. I. 02912. release, a decrease in glucose clearance, and a decreased glucose utilization during CPB. Anesthesia, surgical stress, total body perfusion, and composition of the priming fluid are all factors that affect glucose and insulin metabolism even when CPB does not involve any major change in body temperature. Since hypothermia is commonly used to lower cardiac and general metabolism during cardiac operations, we investigated its impact by comparing hypothermic to normothermic perfusions in terms of glucose and insulin metabolism in five groups of nondiabetic patients: a group receiving no exogenous glucose and no insulin to serve as control; two groups receiving different glucose loads in the priming fluid of the extracorporeal circuit to investigate glucose clearance; a group of patients given glucagon injections during and after CPB to ascertain the ability of the liver to perform gluconeogenesis; and a 451 
        

    





                                            

                

            

        


        
            
                
                
                
            

            
                

                

                
                    
                     Match case
                     Limit results 1 per page
                    

                    
                    

                

            

        
    


    
        
                            
                    


        

            
                
                    

                    
                    
                

                
                    
                    1

9
                    
                

                
                    
                    100%
Actual Size
Fit Width
Fit Height
Fit Page
Automatic


                    
                


                
                
                    
                    Embed
                
                
            


        

        

    




        

            

        
            
                
                    
                        
                            Home
                        

                        
                                            


                    
                        Glucose-insulin interactions during cardiopulmonary bypass

                        Mar 07, 2023

                        
                                                                                        Download
                                                        Report
                        


                        
                            Category:
                            
                                Healthcare
                            

                        


                                                    
                                Author:
                                Hiep Nguyen
                            

                        

                                                    
                                Description:
                            

                            
                                Since hypothermia is commonly used to lower local and general metabolism during cardiopulmonary
bypass,weattempted to identifyits specificeffectson glucose-insulin interactions. A group of nondiabetic
patientsundergoing hypothermic(28° C) cardiopulmonarybypass with ischemic(cold) cardiac arrest was
comparedto a similar group operated on under normothermicconditionswith potassium cardioplegia.In
the absenceof exogenous dextrose administration, hypothermia blockedinsulinsecretion for the duration
of the operation. It also inhibited insulin secretion in response to an exogenous dextrose load (e.g., the
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                            Glucose-insulin interactions during cardiopulmonary bypassGlucose-insulin interactions during cardiopulmonary bypass
Hypothermia versus normothermia
Since hypothermia is commonly used to lower local and general metabolism during cardiopulmonary bypass,weattempted to identify its specificeffectson glucose-insulin interactions. A group of nondiabetic patientsundergoing hypothermic(28° C) cardiopulmonarybypass with ischemic(cold) cardiac arrest was comparedto a similar group operated on under normothermicconditionswith potassium cardioplegia. In the absenceof exogenous dextrose administration, hypothermia blockedinsulinsecretion for the duration of the operation. It also inhibited insulin secretion in response to an exogenous dextrose load (e.g., the priming fluid of the cardiopulmonarybypass circuit) or a glucagon injection,but this inhibitionwas lifted by rewarming. Bloodglucoselevels, whichduring normothermia were mildly elevated evenin the absence of dextrose administration, remained normal during the hypothermic phase of cardiopulmonary bypass. By the end of the rewarming period, however, bloodglucoselevels had reached the same level as observed undernormothermic bypass, a fact suggesting that the cold inhibitionof hepatic glucose production bad been only temporary. Cold inhibitionof hepatic glucose production also explains why glucose clearance after a sudden dextrose load was initially faster at low body temperature than at normal temperature. Glucose-clamp studies indicated that insulin resistance was initiated by anesthesia and surgical trauma, and further accentuated by cardiopulmonary bypass, in association with elevated levels of hormones indicative of surgical stress. Regardless of body temperature changes, the assimilation of glucose by nondiabetic subjects during andimmediatelyafter bypass called for the infusionof large doses of insulin. A comparison with diabetic subjects showedthat insulin-dependent patients (type I diabetes) required no moreinsulin during cardiopulmonarybypass than normal subjects, whereas patients with type II diabetes exhibited a marked insulin resistance during the operation and in the immediate postoperative period.
F. R. Kuntschen, M.D., P. M. Galletti, M.D., Ph.D., and C. Hahn, M.D., Arzier, Switzerland, and Providence, R. I.
A mild hyperglycemia associated with a depressed insulin action is typical of normothermic cardiopulmo nary bypass (CPB) conducted without exogenous glu cose or insulin administration.' A glucose load in the priming fluid elicits a substantial increase in blood insulin levels, yet return to normoglycemia is delayed. These phenomena have been explained by an increased hepatic glucose production, an insufficient insulin
From the Cardiovascular Research Center Arzier, Switzerland (Drs. Kuntschen and Hahn), and the Artificial Organ Laboratory, Brown University, Providence, R.I. (Dr. Galletti).
Received for publication April 8, 1985.
Accepted for publication May 10, 1985.
Address for reprints: Dr. Pierre M. Galletti, Box G, Division of Biology and Medicine, Brown University, Providence, R. I. 02912.
release, a decrease in glucoseclearance, and a decreased glucose utilization during CPB. Anesthesia, surgical stress, total body perfusion, and composition of the priming fluid are all factors that affect glucose and insulin metabolism even when CPB does not involve any major change in body temperature.
Since hypothermia is commonly used to lower cardiac and general metabolism during cardiac operations, we investigated its impact by comparing hypothermic to normothermic perfusions in terms of glucose and insulin metabolism in five groups of nondiabetic patients: a group receiving no exogenous glucose and no insulin to serve as control; two groups receiving different glucose loads in the priming fluid of the extracorporeal circuit to investigate glucose clearance; a group of patients given glucagon injections during and after CPB to ascertain the ability of the liver to perform gluconeogenesis; and a
451
Thoracic and Cardiovascular Surgery
Table I. Characteristics of 55 patients undergoing hypothermic cardiopulmonary bypass (CPB)
Glucose Glucose load Glucose load Glucose Glucagon monitoring (0.5 gm/kg) (1 gm/kg) clamp test
No. of patients II II 10 8 15 Male/female 11/0 11/0 9/1 5/3 15/0 No. of grafts 3.4 ± 0.8 3.3 ± 0.8 2.8 ± 1.0 3.6 ± 0.7 3.2 ± 1.1 Age (yr) 56 ± 9 53 ± 9 55 ± 5 50 ± 10 58 ± 8 Weight (kg) 78 ± 10 79 ± 16 82 ± 10 75 ± 10 76 ± 10 Height (ern) 175 ± 6 175 ± 6 175 ± 12 169 ± 9 172 ± 7 Ejection fraction (%) 60 ± 14 56 ± 18 61 ± 16 65 ± 17 70 ± 14 Fasting glycemia (mg/dl) 88 ± 5 92 ± 5 86 ± 5 91 ± 4 91 ± 4 Total anesthesia time (min) 235 ± 58 228 ± 44 220 ± 43 312 ± 43 246 ± 54 Time before CPB (min) 76 ± 16 73 ± 14 70 ± 16 127 ± 16 71 ± 12 Duration hypothermia (min) 48 ± 13 52 ± 10 49 ± 8 66 ± 9 58 ± II Duration of rewarming phase (min) 55 ± 15 49 ± II 47 ± 9 54 ± 9 58 ± 19 Total bypass time (min) 103 ± 28 101 ± 21 98 ± 16 119 ± 18 116 ± 30 Duration of observation after CPB (min) 55 ± 16 54 ± 9 54 ± 10 65 ± 9 59 ± 12
group of patients controlled by the glucose clamp technique' to investigate glucose utilization by the whole body.
Patients and methods
The study compares 55 patients undergoing hypo thermic perfusions (Table I) to 35 patients operated on in another hospital under normothermic conditions, whose characteristics have been previouslyreported.' All patients in the hypothermia series were admitted for elective coronary bypass operations and in the care of the same surgeon, anesthesiologist, and perfusionist. Diabetes was excluded on the basis of the patients' history, normal fasting blood glucose, and normal oral glucose tolerance test before the operation. Unstable patients and patients with lipid disease were excluded from the study. All medications were discontinued on the evening before the operation: nitrates in 37 patients, beta blockers in 37, calcium blocker in 28, platelet antiaggregants in 11,antiarrhythmic drugs in 10,diuret ics in nine, digitalis in three, and antihypertensive drugs in three. Oral anticoagulants were stopped at least 48 hours before operation. After the operation, all patients appeared to recover satisfactorily in the intensive care unit. None required catecholamine administration or mechanical assist devices. On the average, they were discharged on postoperative day 12.Two patients died of late complications: gastric bleeding necessitating an intervention on postoperative day 11 and followed by Pseudomonas pneumonia in one patient; mesenteric infarction on postoperative day IS in the other patient.
The research protocol was approved by the institu tional review board of the hospital and informed oral consent was obtained from each patient. The patients
were randomly assigned to one of the experimental groups.
Protocol. Blood glucose was monitored continuously, from at least 10 minutes before the induction of anesthesia to at least 50 minutes after discontinuation of CPB, with the analyzer module of the Biostator (Miles Laboratories, Inc., Naperville, Ill.) automated insulin delivery system.v' The Biostator readout values were calibrated every 20 minutes by a Beckman glucose analyzer, with blood samples from the arterial pressure monitoring line.
Each patient was entered into one of the following five protocols:
1. Glucose monitoring. Throughout the procedure, these patients received no exogenous glucose or insulin from either the anesthesiologist or the priming fluid of the heart-lung machine.
2. Glucose load of 0.5 gmjkg. The priming fluid of the heart-lung machine contained a 0.5 gm/kg concen tration of glucose and served as the equivalent of an intravascular glucose tolerance test upon initiation of CPB. No other glucose and no insulin were givenbefore, during, or after CPB.
3. Glucose load of1 gmjkg. The same procedure was used as in Group 2, except that the priming fluid contained a 1 gm/kg concentration of glucose.
4. Glucagon test. An intravenous bolus of glucagon (5 mg) was given at the beginning of CPB and once again immediately after the procedure was discontinued. No insulin or glucose was given to these patients at any time during the operation.
5. Glucose clamp. A priming bolusof insulin, typical ly 2 U for a 70 kg patient, was given intravenouslyat the beginning of the study and was followed by a constant insulin infusion (5 mUjkgjmin) to stabilize the insulin
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Fig. 1. Upper panel: Mean blood glucose level (in mg/dl, ±standard deviation) in a group of II nondiabetic patients undergoing cardiopulmonary bypass (CPB) under hypothermia (open circles) and eight patients perfused under normothermia (black circles) without any glucose administration. Lower panel: Mean plasma insulin levels (in pmol/L; bar represents standard deviation) at five representative times before, during, and after CPB. The columns marked H represent the hypothermia study and N the normothermia study.' Asterisk in comparative brackets denotes a statistically significant difference with a p value <0.05. To represent the blood glucose values during II perfusions of somewhat different durations (97 ± 14 minutes for normothermia and 103 ± 28 minutes for hypothermia), the beginning and the end of CPB are taken as "zero time" and the values read on the continuous recording of blood glucose are averaged at 10 minute intervals.
levels around 2,000 pmol/L. Variable amounts of glucose were infused with an electronically driven syringe pump to clamp blood glucose level near 105 mg/dl (5.8 mmol/L). The quantity of glucose needed to maintain normoglycemia was calculated at 10 minute intervals and expressed as the amount of glucose infused per kilogram of body weight per minute. Since equili bration of insulin levels between intravascular and extravascular compartments takes time,' only the last 20 minutes of each experimental period were used for comparative purposes. Under equilibrium conditions, the amount of glucose infused to maintain a constant glycemia is the result of the insulin-induced increase in glucose utilization and the insulin-induced suppression of hepatic glucose production. Therefore, the steady state glucose infusion rate can be considered as a measure of the overall effect of insulin on total body glucose metabolism.2
Operative procedure. In the hypothermia series, premedication consisted of droperidol (70 ~g/kg), mor phine chiorohydrate (30 ~g/kg), and atropine sulfate (10 ~g/kg). Anesthesia was induced with flunitrazepam (30 ~g/kg), pancuronium bromide (100 ~g/kg), and
fentanyl (12.5 ~g/kg). Anesthesia was maintained by an equirnolecular mixture of nitrous oxide and oxygen containing 1% to 3% enflurane. Additional doses of fentanyl and pancuronium were given every 20 minutes. Ventilation was controlled at the rate of 16 cycles/min with a tidal volume of 8 ml/kg. A radial artery catheter and two central venous catheters were inserted. Total volume of fluid (Ringer's solution without lactate or a modified gelatin solution without glucose) given before CPB did not exceed 15 ml/kg,
CPB was conducted with a Sarns roller pump and various types of disposable bubble oxygenators. The priming fluid consisted of a mixture of Ringer's solution without lactate (12 nil/kg) and low molecular weight dextran (5 ml/kg), together with heparin (25 mg/L), Before CPB, patients received a single dose of heparin (300 IV/kg).
Total body perfusion rate equaled or exceeded 2 L/m2 body surface area and mean arterial pressure averaged 70 mm Hg. Cooling to a rectal temperature of 28° C was achieved within about 10 minutes with the heat exchanger built in the oxygenator, and this temper ature was maintained for the entire hypothermic phase.
454 Kuntschen, Galletti. Hahn
Fig. 2. Mean values for plasma epinephrine, norepinephrine, cortisol, glucagon, and growth hormone in the II patients of the glucose-monitoring group in the hypothermia (H) study and eight patients of the glucose-monitoring group in the normothermia (N) study.'
Cardiac arrest was obtained by blood cooling and by an infusion of 40 C saline solution into the pericardium. Rewarming by active heating of the extracorporeal blood circuit was started after the distal graft anasto moses were completed; it was continued until a rectal temperature of at least 350 C was achieved.
The total volume of fluid received by the patients amounted to 15 ml/kg from the anesthesiologist, 17 ml/kg from the priming of the heart-lung machine, and 8 ml/kg in the later part of the operation, for a total of 40 ml/kg. After CPB, the patients received 200 rnl of packed red cells in addition to the content of the extracorporeal circuit. The hematocrit value, which averaged 43% ± 5% before CPB, fell to 28% ± 6% during perfusion and returned to 35% ± 6% at the end of the operation.
Analytical techniques. Central venous blood samples were obtained before induction of anesthesia, just before
The Journal of
Thoracic and Cardiovascular
Surgery
CPB, at the end of the hypothermic period before rewarming, at the end of the rewarming period before discontinuation of CPB, and 50 minutes after discon tinuation of CPB.
Blood glucose and insulin levelswere measured in all five groups. Epinephrine, norepinephrine, growth hor mone, and cortisol were determined in the glucose monitoring groups only. Glucagon was measured in the glucose-monitoring group and in patients undergoing the exogenous glucagon test. C peptide was measured only in the glucose-clamp group to establish the absence of endogenous insulin secretion in these patients. The laboratory methods used for these determinations have been identified previously.'
Statistics. All data in text and figures are given as means and standard deviation (SD). Statistical analysis was performed by two-tailed paired and (when appro priate) unpaired t tests. A p value of less than 0.05 was considered to be statistically significant and identified with an asterisk on the figures.
Results
The results obtained in the hypothermia study are presented as a comparison with observations previously reported for normothermic perfusion.' In the glucose monitoring group (i.e., patients who received neither exogenous glucose nor insulin before, during, and after CPB), the blood glucose level rose during the initial phase of CPB in the normothermic patients (117 ± 11 to 162 ± 25 mg/dl), but remained stable with hypother mic perfusion (102 ± 7 to 108 ± 12 mg/dl) (Fig. 1). Upon rewarming, blood glucose increased in the former ly hypothermic patients, so that at the end of CPB both groups had comparable degrees of hyperglycemia (174 ± 34 versus 180 ± 21 mg/dl). After CPB, both groups stayed in the same range of moderately elevated blood glucose levels. Before CPB, endogenous insulin levels were the same in the two groups. CPB induced a mild insulin response to hyperglycemia in the normo thermic group, but not in the hypothermic patients. These differences in plasma insulin levels between the two groups were statistically significant (Fig. 1, lower panel).
There was no difference between the two groups for plasma epinephrine, norepinephrine, and growth hor mone levels, which were all markedly higher during and after CPB. Cortisol and glucagon levels rose during the first phase of CPB in normothermic patients, and they remained elevated throughout the observation period (Fig. 2), whereas they only increased during the rewarming phase of CPB in the hypothermic patients. In the later part of CPB and after the procedure, the
Volume 91
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Fig. 3. Upperpanel:Mean blood glucose level (in mg/dl, ± standard deviation) in 10 patients receiving a glucose load of 1 gm/kg bodyweight (open triangles) and 11 patients receiving 0.5 gm/kg (open circles) at the beginning of hypothermic CPB, compared to 10 patients receiving a glucose load of 0.5 gm/kg (blackcircles) at the beginning of normothermic CPR) Lowerpanel:Mean plasma insulin levels in the same three groups (H. Hypothermia and 0.5 gm/kg; H'. hypothermia and 1 gm/kg; N. normothermia and 0.5 gm/kg) at four representative times before and during CPB. Beginning of CPB taken as "zero" on time scale.
levels of adrenal hormones tended to be higher in the hypothermic group than in the normothermic group, whereas the reverse was true for the pancreatic islet hormones.
In the groups receiving a substantial glucose load through the priming fluid of the perfusion circuit, we observed a sudden elevation in blood glucose levels, followed by a sluggish decrease during and after CPB (Fig. 3). The blood glucose peak at 10 minutes was related to the magnitude of the glucose load (631 ± 16 mg/dl with 1 gm/kg versus 455 ± 5 mg/dl with 0.5 gm/kg in the two groups of hypothermic patients); the peak was not affected by the temperature changes
(460 ± 17 mg/dl under normothermia versus 455 ± 5 tng]dl under hypothermia with the same glucose load of 0.5 gm/kg). The clearance pattern was much slower than that observed in an intravenous glucose tolerance test. In the hypothermic group, it could be modeled with two exponential decay curves with markedly different coefficients (one corresponding to the cooling phase and the other to the rewarming phase). In the normothermic group, the clearance pattern was more uniform through out CPB. There was a substantial endogenous insulin response to hyperglycemia in the normothermic group, but none at all in the hypothermic groups. With blood rewarming, plasma insulin levels rose to about twice the
4 5 6 Kuntschen, Galletti. Hahn
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Fig. 4. Upper panel: mean Blood glucose levels (in mgjdl ±standard deviation) in 15 patients receiving a 5 mg glucagon injection (arrow) just after the beginning and the end of hypothermic CPB (open circles), compared to similar data obtained with normothermic perfusion (black circles) in eight patients. Lower panel: Mean plasma insulin levels (in pmoljL; bar corresponds to standard deviation) at five representative times before, during, and after CPB. Time scale as in Fig. I.
control values in the formerly hypothermic patients (regardless of the magnitude of the glucose load), but they remained significantly lower than in the normo thermic patients (Fig. 3, lower panel).
In the hypothermic patients, a 5 mg glucagon injec tion at the beginning of CPB (Fig. 4) elicited a modest, but nonetheless significant increase in blood glucose levels (104 ± 9 to 123 ± 10 mg/dl), compared to the stable values observed in the glucose-monitoring group (102 ± 7 to 108 ± 12 mg/dl, Fig. 1). Similarly, in the normothermic patients, the initial rise in blood glucose after a glucagon injection was considerably higher (108 ± 6 to 241 ± 34 mg/dl, Fig. 4) than the increase in the glucose-monitoring group (117 ± 11 to 162 ± 25 mg/dl, Fig. 1). With rewarming, blood glucose rose substantially in the formerly hypothermic patients, whereas it remained stable in those kept normothermic throughout CPB, so that the values were about the same in the two groups at the end of CPB (Fig. 4). At that point, a second injection of the same dose of glucagon produced a lesser effect than the first dose in both groups of patients. The endogenous insulin response to the first injection of glucagon in the normothermic patients was substantial, whereas in the hypothermic group, it was delayed until rewarming had taken place (Fig. 4, lower panel).
In the glucose-clamp studies (Table II), glucose utilization during anesthesia before CPB was abnormal-
Iy low (4.6 ± 0.9 mg/kg/min in the normothermic group and 4.8 ± 0.5 rug/kg/min in the hypothermic group versus 10.3 ± 0.4 mg/kg/rnin in normal sub jects). During the initial phase of CPB, glucose utiliza tion was further decreased in both groups (2.8 ± 0.9 and 2.6 ± 0.7 mg/kgymin). Upon removal of the aortic clamp, it tended to rise in the normothermic group (3.5 ± 1.0 mg/kg/min) but not in the hypothermic group (2.5 ± 0.7 mg/kg/min) until body temperature had been corrected. In the period immediately after the perfusion, glucose utilization did not reach pre-CPB values in either group (4.1 ± 0.8 and 3.8 ± 0.7 tug] kg/min).
Discussion
In a clinical study published previously and conducted under normothermic conditions, wei attempted to iden tify some of the factors influencing glucose and insulin metabolism during CPB: anesthesia, surgical trauma, and the perfusion procedure lead to the release of stress hormones, inhibit glucose utilization by peripheral tis sues, and stimulate endogenous glucose production without a corresponding increase in endogenous insulin…
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