









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













ANNALS OF SURGERY Vol. 217, No. 2, 175-184 © 1993 J. B. Lippincott Company



A Comparison of Medium-Chain and Long-Chain Triglycerides in Surgical Patients Zhu-ming Jiang, M.D., Shi-yuan Zhang, M.D., Xiu-rong Wang, Nai-fa Yang, Yu Zhu, M.D., and Douglas Wilmore, M.D. From the Department of Surgery, Peking Union Medical College Hospital, Beijing, China, and the Department of Surgery, Brigham and Women's Hospital, Harvard Medical School, Boston, Massachusetts



Available lipid emulsions made from soybean or safflower oil are classified as long-chain triglycerides (LCT). In contrast, medium-chain triglyceride (MCT) emulsions have different physical properties and are metabolized by other biochemical pathways. To compare the differences between these two fat emulsions, the authors studied 12 surgical patients and 6 volunteers. These subjects were randomly assigned to receive parenteral nutrition with MCT or LCT emulsion. Measurement of arterial and venous concentration differences across the forearm demonstrated that muscle utilization was significantly improved with MCT administration. There was also a trend toward improved nitrogen balance in the MCT group, and less weight loss in the postoperative period also was observed in this group. During the fat clearance test, the serum ketone concentrations were significantly higher in the MCT than the LCT group. The improvement in nitrogen retention may be associated with increasing ketone and insulin levels. Fat emulsions containing 50% MCT are safe for use in parenteral nutrition and may provide an alternate fuel that improves protein metabolism.



Available fat emulsions are made from soybean or safflower oil.' These vegetable oils are classified as longchain triglycerides (LCT) because most of the fatty acids contain 16 to 18 carbons in their fatty acid chains. In addition to energy, these oils also provide essential fatty acids such as linoleic acid. This essential fatty acid serves as a precursor to arachidonic acid, an initial substrate for synthesis of prostaglandins and leukotrienes. In medium-chain triglycerides (MCT), 8- and 10-carbon Supported by the University Education Research Foundation (contract 90048) and by B. Braun Medical Inc., Melsungen, Germany. Address reprint requests to Douglas W. Wilmore, M.D., Department of Surgery, Brigham and Women's Hospital, 75 Francis Street, Boston MA 02115. Accepted for publication April 27, 1992.



chains predominate. These fatty acids are saturated and prepared primarily from coconut oil. A number of studies indicate that fat emulsion may be a valuable energy source for trauma and septic patients.2'3 In such individuals, LCTs were not completely oxidized and some long-chain fatty acids continued to be reesterified to triglycerides in the liver.4 Medium-chain triglyceride emulsions have different physical properties and are metabolized by other pathways. Because the medium-chain fatty acids are smaller than long-chain fatty acids, they are more water soluble. Medium-chain fatty acids are poorly bound to albumin and can diffuse into other fluid compartments, such as cerebrospinal fluid.5 Previous human studies have shown that MCT emulsions are more rapidly cleared from the circulation than LCT emulsions6 and metabolized faster.7' 0 Further175
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more, it has recently been reported that medium-chain fatty acids are used in muscle at a twofold to threefold greater rate than long-chain fatty acids.1' Medium-chain fatty acids are thought by some to enter into the cell mitochondria for metabolism relatively independently of the carnitine acyltransferase transportation system required for long-chain fatty acids.'12"3 Others have questioned this concept.'4 Medium-chain fatty acids are ketogenic, and ketones are a valuable energy source for many tissues. Sherwin et al.'5 reported that infusion of hydroxybutyrate reduced urinary nitrogen loss in fasting subjects. Medium-chain triglyceride-based emulsions have been shown not to impact adversely on reticuloendothelial system function.'6 In a recent report, both tumor growth and lung metastasis were less in rats given total parenteral nutrition (TPN) with MCT emulsion for cancer cachexia.17 Medium-chain triglyceride emulsions have been developed that contain a physical mixture of MCT and LCT to provide both rapid and slowly metabolized fuels as well as essential fatty acids. One such emulsion (Lipofundin MCT 10%) is a 50:50 mixture of MCT and LCT that has been used clinically in Europe for the past several years. Data have suggested that these emulsions are well tolerated and may offer important advantages as an alternative energy source for total parenteral nutrition. Few data are available to evaluate regional uptake and metabolic effects of MCT-based fat emulsions in surgical patients, however. The purpose ofthis study was to compare MCT emulsion with LCT emulsion in both perioperative patients receiving TPN and healthy volunteers. The two fat emulsions were compared with regard to: (1) muscle utilization by determining forearm exchange; (2) nitrogen balance; (3) ketone and insulin concentrations; and (4) hematologic parameters and indices of organ function.



SUBJECTS AND METHODS Subjects Patients Twelve adult patients requiring major abdominal surgery for gastric ulcer, gastric cancer, and colon cancer were enrolled in this study. Eligible patients satisfied the following criteria: (1) normal nutritional status as determined by body weight within 10% of normal body weight, minimal recent weight loss, no evidence of nutritional deficiencies on physical examination, and normal nutritional status as determined by laboratory tests; (2) normal hepatic and renal function, as determined by standard clinical and biochemical tests; (3) no evidence of metastatic disease; (4) no evidence ofdiabetes mellitus or other chronic disease and no long-term use of medica-



tions, including glucocorticoids.



MCT Group N M:F Age Weight (kg) Diagnosis Gastric disorders Colon disorders Blood pressure (mmHg) Hemoglobin (g/dL) White blood cells (mm3) Triglycerides



(mg/dL) (mmol/L) Cholesterol (mg/dL) (mmol/L) ALT (Au/L) BUN (mg/dL) Total CO2 (mmol/L)



6 4:2 54.5 ± 2.9 54.0 ± 3.9*



6 0 129 ± 3/84 ± 2 12.9 ± 0.8 6333 ± 444



LCT Group 6 5:1 46.7 ± 5.8 66.1 ± 4.5



5 1 125 ± 4/77 ± 3 14.2 ± 0.9 8,125 ± 1077



118 ± 10 1.34 ± 0.11



127 ± 14 1.44 ± 0.15



163 ± 12 4.21 ± 0.32 24.0 ± 0.5 13.5 ± 0.8 26.8 ± 0.3



180 ± 9 4.65 ± 0.25 25.0 ± 1.3 14.7 ± 0.4 27.2 ± 0.4



Mean ± SEM. * p = 0.07 versus LCT group. MCT, medium-chain triglyceride; LCT, long-chain triglyceride; ALT, alanine amino transferase; BUN, blood urea nitrogen.



The study protocol was approved by the Academic Committee of the Peking Union Medical College Hospital, which served as the institutional review board for the hospital. Written informed consent was obtained from all patients. Patients were randomized into two groups (Table 1). The control group received parenteral nutrition with LCT emulsions (10% Endolipid, B. Braun Inc., France). The study group received parenteral nutrition with MCT emulsion (10% Lipofudin MCT, containing 50% MCT and 50% LCT, B. Braun Inc., Melsungen, Germany). Both groups received standard TPN for 10 days during the perioperative period. Volunteers Six healthy volunteers (mean age, 28 ± 2 years; mean weight, 61 ± 3 kg) were studied for three days in the Intensive Gastrointestinal Support Unit. All volunteers were male. Each volunteer was studied on two occasions separated by an interval of at least 2 weeks. Written informed consent was obtained from all volunteers.



Study Design Study Design for Patients All patients were admitted to the hospital at least four days before the date of their scheduled operative proce-
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Standard amino acid solutions nitrogen (MoriProne 18 F) Carbohydrate (glucose) Fat 10% Lipofundin MCT (MCT:LCT = 50:50) or 10% Endolipid LCT Electrolytes, vitamins, and other additives Total volume



0.20 g/kg/day 4.0 g/kg/day (16 kcal/kg/day) 1.55 g/kg/24-hr (0.065 g/kg/hr) (14 kcal/kg/day)



2.5-3.0 L/day



MoriProne 18 F (Ajinomoto, Tian-jin, China). MCT, medium-chain triglycerides; LCT, long-chain triglycerides.



dure. They were taken to the operative theater and, using sterile technique, a triple-lumen central venous catheter (Becton-Dickinson, Rutherford, NJ, or Arrow International, Reading, PA) was inserted on the right side by the percutaneous subclavian approach. On the morning (8:00 A.M.) of the second day before their operation (AOD-2), blood was obtained for baseline studies and infusion of parenteral nutrition solution was initiated



(10:00 A.M.). The nutrient solution contained 30 nonprotein calories/kg body weight per day, with half of the calories being provided by carbohydrates and the remainder as fat emulsion. The composition of the parenteral nutrition solutions is shown in Table 2. Both Lipofundin MCT and Endolipid LCT contain the same source of egg yolk phospholipid as the emulsifier. Although the infused weights of these two fat emulsions were the same, the infused moles were different. The Lipofundin MCT is a mixture of 50% MCT plus 50% LCT, and approximately 40% more triglyceride molecules are infused with 10% Lipofudin MCT than 10% Endolipid LCT. Amino acids (MoriProne 18 F, licensed product of Ajinomoto Co. Inc., Tian-jin Amino Acid Inc., Tian-jin, China) were administered to provide 0.20 g nitrogen/kg body weight per day. Vitamins (Vitalipid and Soluvit, Sino-Sweden Pharmaceutical Co. Ltd., Wuxi, China) and trace elements (Addamel, Sino-Sweden Pharmaceutical Co. Ltd., Wuxi, China) were added daily in fixed amounts to provide requirements; minerals were added daily in varying amounts to provide requirements and maintain normal blood levels. The carbohydrate, amino acid solutions, vitamins, trace elements, and minerals were mixed in a 3-liter bag (B. Braun Inc., Melsungen, Germany) in a laminar air flow hood. This mixture was infused at a constant continuous rate through the central
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lumen of the central venous catheter. The fat emulsion was infused separately over a 24-hour period by a second lumen. The total volume ofthe nutrient solution infused was approximately 2.5 liters per day. Additional fluid volume (-500 mL) was administered by adding sterile water to the nutrient mixture to maintain adequate hydration. Constant nutrient infusion was maintained by using calibrated infusion pumps (Lifecare-3, Abbott, North Chicago, IL). No food or water was taken by mouth after this time until the end of the seventh postoperative day. The patients were cared for in the Intensive Gastrointestinal Support Unit, which is a specialized two-bed area with dedicated nursing and pharmacy support to provide safe parenteral nutrition and collect and process all urine and other losses for analysis. Body weight was measured the day before the operation. On the day of operation, the patient received an epidural block to the T6 to T9 level using xylocaine and Dicaine (Beijing Pharmaceutical Co., Beijing, China) supplemented with an intravenous narcotic (meperidine) and an antihistamine (Phenergan, Wyeth, Philadelphia, PA). The anesthesia was administered by a senior anesthesiologist, and the operations were performed by the same team and the same primary surgeon. One unit of blood was administered to each patient during the procedure. After the operation, the epidural catheter was removed and the block was allowed to dissipate; narcotic was administered as required. The patient was moved back to the Unit and all urine and nasogastric losses were collected. The parenteral nutrition was administered at the same rate throughout the operative procedure. All patients received two days of perioperative prophylactic antibiotics. The nasogastric tube was removed on the second or third postoperative day, but the patients were not allowed to eat until the eighth postoperative day, at which time the parenteral nutrition was discontinued and ad libitum food intake was initiated. The study design for patients is summarized in Figure 1. Venous blood samples were taken on AOD-2 and POD+8 for serum glutamic-pyruvic transaminase, blood urea nitrogen, glucose, bicarbonate, cholesterol, and triglycerides. During the study period, a sample of the infusate was collected daily and analyzed for total nitrogen content. Urine and gastric aspirates were collected throughout each 24-hour period and analyzed for total nitrogen content. At AOD-1 and POD+3, the fat emulsion clearance test (with LCT or MCT emulsions) was performed. The clearance test was performed as described by others. 18-20 An infusion of fat-free nutrition solution was started at 8:00 A.M. and the fat clearance test infusion was started at 11:00 A.M. and continued for 6 hours. The infused



178



Jiang and Others



1



Op



-1



-2



2



3



Standard TPN In fusion NI



I



Fat Clearance Test Serum Triglycerides Cholesterol



4 MCT or LCT



l



Albumin Hematology Parameters



Liver/Renal Function



X



3



7 days



Serum Triglycerides Cholesterol



MCT or LC \



0



II



Nitrogen Bal ance 4



Albumin ,' Liver,IRenal Function -/ Hematology Parameters' Body Weight



-3



6



5



4



I



6



9



Body Weight



7'"~. . - 24I h



1,-



MCT or LCT Infusion 0.14 g/kg/hr Venous Samples



t



"A-V" Samples Figure 1. Study design for patients (A-V, simultaneous arterial and deep venous sample).



volume was controlled by a calibrated volumetric pump (Imed, 965, San Diego, CA) that delivered the fat through the second lumen of the central venous catheter. The dose of fat in these tests was 0.140 g/kg/hour; this was a dose 2.2-fold greater than the dose of fat during the TPN. While fat emulsions and other nutrients were being infused, triglyceride utilization across the forearm was measured. First, a catheter (18- to 19-gauge 1-in. Angiocath, Desert, Park Davis Inc., Sandy, UT) was inserted in a dorsal hand vein, and the hand was warmed with a heating pad to arterialize the venous blood.2' A catheter was also placed in the basilica vein of the contralateral arm in retrograde manner to obtain samples draining the forearm muscle bed. After at least 15 minutes of rest, two blood samples were simultaneously drawn from both catheters. The sampling catheters then were removed. Study Design for Volunteers Six male volunteers came to the intensive gastrointestinal support unit on the morning of the first day of the 3-day study. They were studied on two occasions separated by an interval of at least 2 weeks. At 8:00 A.M., the infusion of the parenteral nutrition solutions was started through a peripheral vein in the leg. The nutrition solution was similar to that of patients but did not contain fat emulsion. The amount of glucose was increased to meet the 30 kcal/kg/day requirements. Volunteers were al-



lowed water ad libitum, but no food was taken by mouth until 3 days after completion of the study. The nutrient solution was infused continuously for 16 hours. That evening at midnight, the nutrient infusion was discontinued for 8 hours. At 8:00 A.M. on the second day, the parenteral nutrient infusions were started again, and at 1 1:00 A.M. the fat emulsion clearance test was performed. The dose of fat emulsion infused into the volunteers was the same as for patients. Catheterizations of a hand dorsal vein and deep basilica vein were performed at 10:30 A.M. for simultaneous sampling during the fat clearance test. The nutrient infusion was started again and the fat clearance was repeated on the third day exactly as it had been performed on day 2. This included use ofthe same fat emulsion for determination of fat clearance. The experimental design of the clearance test for volunteers is shown in Figure 2. After 2 weeks, the volunteers returned to the hospital for the next 3-day study. The same procedure was followed, but the participants were tested with the other type of fat emulsion not previously tested.



Sample Analysis All urine and nasogastric tube losses were analyzed for total nitrogen by the semi-micro-Kjeldahl method. The
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MCT or LCT Infusion 0.14 g/kg/hr "A-V" Samplest Figure 2. Study design for volunteers (A-V, simultaneous arterial and deep venous sample).



nitrogen content in each nutrient bag was also determined by the same method. These values were multiplied by the volumes to determine total nitrogen loss and intake. Plasma and urine sample were prepared as previously described.22 Blood and urine chemical concentra-



tions for bilirubin, alanine aminotransferase, albumin, blood urea nitrogen, creatinine, glucose, potassium, sodium, total C02, cholesterol, and triglycerides were measured using a standard hospital autoanalyzer (Encore Autoanalyzer, Baker Inc., Allentown, PA) with quality
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MCT Group



Weight (kg) Weight changes (kg) Hemoglobin (g/dL) White blood cells (/mm3) Platelets (X100/mm3) Lymphocytes (/mm3) Blood urea nitrogen (mg/dL) Blood total C02 (mmol/L) Serum bilirubin (mg/dL) Serum ALT (AIL) Serum albumin (g/dL) Serum triglycerides (mmol/L) (mg/L) Serum cholesterol (mmol/L) (mg/dL)



LCT Group



AOD - 2



POD + 7



AOD - 2



POD + 7



54.0 ± 4.0



66.2 ± 4.5



13.0 ± 0.8 6333 ± 444 222 ± 24 1691 ± 155 13.5 ± 0.8 26.1 ± 0.8 0.80 ± 0.04 24.0 ± 0.5 3.95 ± 0.19



52.5 ± 3.9 -1.5 ± 0.2* 12.5 ± 0.3 7300 ± 694 178 ± 8 1796 ± 281 13.5 ± 0.7 27.1 ± 0.3 1.33 ± 0.32 30.1 ± 3.3 3.52 ± 0.18



14.5 ± 0.9 8325 ± 1075 180 ± 15 2024 ± 70 15.3 ± 0.4 27.2 ± 0.4 0.85 ± 0.02 25.0 ± 1.3 4.06 ± 0.16



63.9 ± 4.4 -2.4 ± 0.2 14.4 ± 0.8



8933 ± 609 175 ± 18 2174 ± 164 15.5 ± 0.8 26.3 ± 0.4 1.26 ± 0.43 53.5 ± 18.6 3.45 ± 0.13



1.34 ± 0.11 118 ± 10



1.33 ± 0.10 117 ± 10



1.40 ± 0.15 124 ± 14



1.32 ± 0.21 117 ± 19



4.20 ± 0.32 163 ± 12



3.64 ± 0.28 142 ± 11



4.65 ± 0.24 179 ± 9



4.40 ± 0.55 171 ± 22



Mean ± SEM. * p < 0.05 versus LCT group. MCT, medium = chain triglyceride; LCT, long-chain triglyceride; AOD - 2, second day before operation; POD + 7, seventh day after operation; ALT, alanine aminotransferase.
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control monitoring. Serum fl-hydroxybutyrrate concentrations were measured by ,B-HBA Kit (Sigma, Catalog no. 310-A, St. Louis, MO). Insulin concentrations of serum were analyzed using radioimmunoassay techniques.23



Calculation and Statistical Analysis Balance was calculated as the difference between intake and losses. Because the patients received intravenous nutrition, there were minimal stool losses, and stool was not included in the calculation. The duration
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Figure 3. Fat clearance tests on AOD-1 and POD+3 (A, arterial; V, venous).



MCT or LCT 0.14 g/kg/hr



of parenteral nutrition support for the patients was 10 days, but the first day of study was considered an equilibration period and was not included in the analysis. In volunteers, the results from the two fat clearance tests performed on days 2 and 3 were averaged. The fat clearance tests were then analyzed by determining the areas under the time-concentration curves by Excel24 on Macintosh LC (Apple Computers, Cupertino, CA). The differences between arterial and venous concentrations of triglycerides measured over time were expressed as area differences. Statistical analyses were performed on a Macintosh,
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Postoperative



Arterial



Venous



Arterial-Venous



Arterial



Venous



Arterial-Venous



5457 ± 548 7161 ± 549



5301 ± 489* 7160 ± 528



156 ± 103 1 ± 23



4294 ± 1012 5143 ± 442



4168 ± 1017 5142 ± 449



126 ± 32t 1 ± 20



Mean ± SEM. * p < 0.05 versus LCT group. t p < 0.01 versus LCT group. MCT, medium-chain triglycerides; LCT, long-chain triglycerides.
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One patient was dropped from the study. This individual was scheduled for a subtotal gastrectomy but required a pancreaticoduodenectomy. Because of this more extensive operation, data from this subject were not included in the analysis.
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using standard software StatView SE.25 Results were expressed as mean ± standard error of the mean. Differences were tested by one-factor and two-factor analysis of variance, when appropriate. Probability values < 0.05 were considered statistically significant.



Exclusions Exclusion criteria were developed before study initiation. Once patients were entered into the study, they could be dropped from the study for any of the following reasons: (1) apparent adverse reactions to the parenteral nutrition support (complications, pyrogen fever and catheter sepsis, etc.) or to the MCT or LCT emulsion infusion; (2) major postoperative complications (myocardial infarction, hemorrhage, pulmonary embolus, etc.); (3) other clinical circumstances as indicated by the attending physician.
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Figure 5. Ketone levels during TPN or fat clearance tests.
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RESULTS Patients The measures of organ and hematologic functions were similar in the two patient groups before and at the end of 10 days of infusions (Table 3). Both groups had slightly increased bilirubin concentrations in the postoperative period, but there was no significant difference between groups. The electrolyte concentrations and other indices were also similar. Body weight decreased in both groups, but there was a greater weight loss in the LCT group (p < 0.05). During the preoperative fat clearance test on AOD-2, serum triglyceride concentrations rose significantly. When compared with the preoperative fat clearance tests, however, the blood triglyceride concentrations were significantly lower in the postoperative fat clearance tests (p < 0.05) (Fig. 3). Before operation, the arterial and venous triglyceride concentrations were comparable. In the postoperative period, arterial concentrations were greater than venous levels in the MCT but not in the LCT groups. When the triglyceride concentrations were expressed as areas under time-concentration curves, the difference between arterial and venous response curves was more clearly seen. In this analysis, the difference in integrated area tended to be greater with the
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After 1 day



After 2 days



After 6 days



20.7 ± 2.7 102.5 ± 3.64



41.6 ± 8.1 100.6 ± 2.9



92.4 ± 13.6* 92.9 ± 1.1



24.2 ± 3.6 98.3 ± 2.0



30.1 ± 7.5 96.0 ± 8.2



51.7 ± 11.6 95.6 ± 6.9



MCT LCT
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Area Under Arterial Curve (A)



Area Under Arterial Curve (V)



A-V Area Difference



4941 ± 307 6223 ± 499



4440 ± 245* 6088 ± 513



501 ± 72t 135 ± 25



Mean ± SEM. * p < 0.05 versus LCT group. t p < 0.01 versus LCT group. MCT, medium-chain triglycerides; LCT, long-chain triglycerides.



p < 0.05 versus LCT gorup. MCT, medium-chain triglyceride; LCT, long-chain triglyceride.



MCT than LCT, and this reached significance in the postoperative period (p < 0.01) (Table 4). Nitrogen intake was similar in both groups, the mean nitrogen losses tending to be less in patients receiving MCT than the LCT group (cumulative nitrogen balance, + 142 ± 46 vs. -91 ± 120 mg/kg/7 days, p 


day 5 (POD +5), this difference was significant (2.68 ± 0.34 vs. 1.44 ± 0.21 mg/dL; p < 0.05). The normal range in Chinese individuals is 0 to 3.99 mg/dL. During the fat clearance tests, serum concentrations of fl-hydroxybutyrate were significantly increased in the MCT compared with the LCT group for the 6-hour sample (5.58 ± 0.34 vs. 3.43 ± 0.15, p < 0.01) (Fig. 5). After six days of TPN infusions, insulin levels were significantly increased in the MCT when compared with the LCT group (92.4 ± 13.6 vs. 51.7 ± 11.6 ,U/mL, p < 0.05); the glucose levels were similar (92.8 ± 1.9 vs. 95.6 ± 6.9 mg/dL, p = 0.71) (Table 5).



Volunteers



MCT °



F4.)



A .JI



LCT



32



-:



The initial serum triglyceride concentrations were normal in the volunteers and rose significantly during the fat clearance tests, regardless of the type of emulsion infused. The arterial concentrations of triglyceride were comparable at 6-hour measured time points (Fig. 6). The deep venous concentrations, however, were reduced in the MCT group compared with the LCT group. This resulted in significant differences in the areas under the time-concentrations curves between the MCT and LCT groups. It also resulted in a significantly increased fat clearance by the forearm with MCT compared with LCT as shown in the differences in arterial and venous areas (Table 6). The serum concentrations of 3-hydroxybutyrate in volunteers were increased during the fat clearance tests (fat load 0.140 g/kg/hour) in both the MCT and LCT groups. In 6-hour samples, there was a significant difference between MCT and LCT groups (MCT:LCT, 5.30 ± 0.29 vs. 3.94 ± 0.26 mg/dL, p 
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Figure 6. Fat clearance tests for volunteers (A, arterial; V, venous).



DISCUSSION Intravenous MCT emulsions (MCT:LCT = 50:50, as Lipofudin MCT) have been studied in animal and humans. These results were previously summarized in re-
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views by Bach et al.,8 Mascioli et al.'6 and Carpentier.26 Few data are available, however, to evaluate regional muscle uptake and metabolic effects of MCT-based fat emulsions in surgical patients. In our study, the comparison of parenteral nutrition with two lipid emulsions disclosed no adverse effects in patients receiving either Lipofudin MCT or Endolipid LCT. The observed increase in bilirubin concentration occurred in both groups of patients and is frequently seen in postoperative patients receiving long-term parenteral nutrition. Hepatic abnormalities have been associated with LCT emulsion, and long-term infusions may cause hepatomegaly, splenomegaly, and reticuloendothelial cell overload.'6'27'28 In an animal model, rats fed parenteral nutrition with MCT emulsions had less hepatic fat accumulation than those animals receiving LCT emulsion.28 This may be due to the higher degree of oxidation and minimal reesterification to triglycerides associated with MCT. To determine uptake of triglycerides across the forearm, we calculated the area described by arterial and venous triglyceride concentrations during infusion ofthe emulsion. The differences between two curves represents uptake or exchange; when LCT was infused, no consistent uptake was noted (Table 4). In contrast, MCT was extracted from the bloodstream, as demonstrated by lower triglyceride levels in the venous blood and a significant difference in the arterial and venous areas. This demonstrates that MCT is cleared more efficiently by peripheral tissue than LCT. Because the forearm is composed primarily of skeletal muscle and the venous blood is obtained from a vein draining the muscle bed of the forearm, this study indicates that possibly a major part of the peripheral clearance is skeletal muscle. This enhanced transport may be facilitated by the increased elaboration of insulin. Recent in vitro studies demonstrate that MCT emulsions have higher rates of hydrolysis and muscle utilization than LCT emulsions,7"' and these data support our findings. After both the fat clearance tests and during parenteral nutrition, higher ketone concentrations were found in the MCT when compared with the LCT subjects. Although the ketone levels were still within the normal range during parenteral nutrition, there remained a significant difference between MCT and LCT groups (p < 0.05). Ball2 pointed out that ketone responses to MCT are a function of the quantity of emulsion infused. Greater ketone responses would be expected in preparations containing a greater proportion of infused MCT. The influence of the circulating ketones on metabolism is not known, but these water-soluble compounds may be used by a variety of tissues, including the brain and intestinal epithelium, and may attenuate net protein breakdown.
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In this study, the changes in body weight and nitrogen balance were more favorable in the MCT emulsion group. There was a significant difference in body weight loss in two groups (MCT vs. LCT, -1.5 ± 0.2 vs. -2.4 ± 0.2 kg, p < 0.05). There was also a trend toward more positive nitrogen balance in the MCT group (e.g., cumulative nitrogen balance, + 142 ± 46 vs. -91 ± 120 mg/ kg/7 days, p = 0.09). The possible mechanism of these improvements may be related to increased insulin concentrations or ketone concentrations. More work is necessary to determine ifthese findings are of clinical significance. We conclude that fat emulsions containing 50% MCT are safe for use in parenteral nutrition, and may provide a more efficient energy source then the currently available LCT emulsions.
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