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Glucagon excess causes catabolic changes, including enhanced glucose production, lipolysis, and amino acid oxidation. In this
study, we evaluate the metabolic effects of debulking surgery on a patient with glucagon-producing tumor. Stable isotope
tracer methods were used to measure glucose, glycerol, and a-ketoisocaproic acid («KICA) rates of appearance (Ra) into
plasma. Measurements were obtained 25 days after surgery in the basal state and during hormonal suppression of glucagon
production by infusing somatostatin with insulin replacement. Basal plasma glucagon concentration (14,100 pg/mL) re-
mained high after debulking surgery. Somatostatin infusion decreased plasma glucagon concentration to 6,735 pg/mL and
basal substrate kinetics (a-KICA Ra from 1.97 to 1.48 umol/kg/min; glucose Ra from 16.89 to 11.56 umol/kg/min; and glycerol
Ra from 3.33 to 2.74 umol/kg/min). We conclude that debulking surgery fails to adequately suppress glucagon production and
the alterations in substrate metabolism associated with excess glucagon. In these patients, somatostatin therapy can be an
effective method to suppress secretion of glucagon and help attenuate its catabolic effects.
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LUCAGONOMAS ARE rare glucagon-secreting islet CASE REPORT

cell tumors that can cause profound metabolic effects A 46-year-old woman presented with a history of a migratory ery-
including weight loss, muscle wasting, hypoaminoacidemia,thematous rash and weight loss. A skin biopsy was obtained, and
and hyperglycemia.In a previous case study, we found that dermatopathology was consistent with necrolytic migratory erythema.
alterations in amino acid, glucose, and lipid kinetics contrib- Serum glucagon concentration was markedly elevated at 10,040 pg/mL
uted to the clinical abnormalities observed in this patient pop-(nermal, 25 to 250 pg/mL). An abdominal computed tomography (CT)
ulation2 Although complete tumor excision is the optimal scan showed a 5-cm tumor in the tail of the pancreas and metastases

treatment for glucagonomas, unresectable metastatic lesions a%oqghout the."ver' The patient was admitted to the. hO.Sp'tal for a
ti to 50% of patient dt surgical debulking procedure. After 4 days of therapy with intravenous
present in up to o OF palients, and tumor recurrénce Cail i, acids and subcutaneous octreotide, partial pancreatectomy to

occur after apparent complete resection. Therefore, palliativ@eyoye the primary tumor and left hepatectomy to remove many of the
therapy by debulking the tumor mass and providing a long-metastatic lesions were performed. However, the right lobe of the liver
acting somatostatin analogue (Sandostatin; Sandoz Pharmacesiil contained multiple metastatic lesions. Histologic and immunohis-
ticals, Minneapolis, MN) to inhibit glucagon secretion is an tochemical evaluations of the primary and metastatic lesions were
option for selected patients and has been shown to resolveonsistent with glucagonoma. _
glucagonoma-induced skin lesions and diabafesiowever, The patient’s postoperative course was uneventful, and she did not

little is known about the effectiveness of palliative therapy on experience any serious complications. Her diet was advanced as toler-
ated, and she was eating a regular diet within 7 days after surgery. She

the abnormalities in substrate metabolism associated with quI-Ost 2.7 kg of body weight after surgery, but was weight stable for 1

cagonoma syndrome. week before the metabolic studies were performed, 25 days after
The present study was undertaken to evaluate the effect ofurgery.

palliative surgical therapy on the metabolic abnormalities as-

sociated with glucagonoma. Amino acid, glucose, and lipidMethods

kinetics were determined during postabsorptive basal condi- Study protocol. An isotope infusion study was performed 25 days

tions and during somatostatin infusion plus insulin replacemengfter surgery. The patient had not received intravenous amino acids or

after partial tumor resection in a patient we previously eva|u-octreoti(_1e since her pperation. .After the. patient fasted qvernight (a0

ated before surger. hours), .mtra\'/enou_s lines were |_nserted into the antecubital vein of_ 1

arm for infusion of isotopes and into the contralateral dorsal hand vein,

which was heated, for arterialized venous samplifgaseline blood

and breath samples were obtained to determine background isotopic
From the Department of Internal Medicine, Washington University enrichments. After a bolus infusion of¥C] sodium bicarbonate (1.68

School of Medicine, St Louis, MO; Children’s Nutrition Research mmol/kg) was given, primed-constant infusions of ‘fC] leucine

Center, Department of Pediatrics, Baylor College of Medicine, Hous- (16.8 umol/kg priming dose and 0.2@mol/kg/min continuous infu-

ton; and the Department of Surgery, The University of Texas Medicalsion), [6,62H] glucose (26.7umol/kg priming dose and 0.3gmol/

Branch, Galveston, TX. kg/min continuous infusion), and [1,1,2,3B] glycerol (1.5umol/kg
Submitted August 28, 2000; accepted December 8, 2000. priming dose and 0.1mol/kg/min continuous infusion) were infused
Supported by the National Institutes of Health Grants No. DK 37948, for 270 minutes. At 120 minutes, a continuous infusion of somatostatin

RR-00036 (General Clinical Research Center), RR-00954 (Mass Sped®.12 mg/kg/min) and insulin (0.2 mU/kg/min) was started and contin-

trometry Resource), AG 13629 (Claude Pepper Older American Inde-ued until the end of the isotope infusion protocol. Blood and breath

pendence Center), and DK 56341 (Clinical Nutrition Research Unit). samples were taken at 90, 100, 110, and 120 minutes to measure basal
Address reprint requests to Samuel Klein, MD, Washington Univer-plasma hormone concentrations, leudirgucose? and glycerol® ki-

sity School of Medicine, 660 S. Euclid Ave, Box 8031, St Louis, MOnetics. Blood and breath samples were taken at 240, 250, 260, and 270

63110. minutes to measure the effect of somatostatin plus insulin replacement
Copyright© 2001 by W.B. Saunders Company on plasma hormone concentrations and substrate kinetics. Measure-
0026-0495/01/5006-0015$35.00/0 ments made from the 4 samples obtained from each study condition
doi:10.1053/meta.2001.23306 were averaged to obtain 1 value for the basal period and 1 value for the
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somatostatin plus insulin period. Blood samples were obtained at 120 Table 2. Substrate Kinetics During Basal Conditions and
and 270 minutes to determine plasma glucagomsulin2 C-pep- Somatostatin Plus Insulin Infusion
tide 13 glycerol 14 free fatty acids# and glucose concentratioAxy-

i T i X Basal Somatostatin Plus Insulin

gen consumption, carbon dioxide production, and resting energy ex -
penditure (REE) were measured by indirect calorimetry between 90 to Intracellular leucine Ra 1.97 1.48
120 minutes and 240 to 270 minutes by using a 2900 metabolic cart Leucine oxidation 0.57 0.48
(Sensormedics, Lorba Linda, CA). Nonoxidative leucine disposal 1.40 1.00

The study was approved by the Institutional Review Board, and the Glucose Ra 16.89 11.56
experimental protocol was performed in the General Clinical Research Glycerol Ra 3.33 2.74
Center after informed consent was obtained from the patient. NOTE. Values are in umol/kg/min.

Calculations. Substrate (glucose, glycerol, and amino acid) kinet-
ics were calculated by using isotope tracer dilution methods. The
dilution of a tracer infused into the bloodstream by the release of
endogenous unlabeled substrate permits the assessment of endogengfieer than before surgery. Somatostatin plus insulin infusion
substrate rate of appearance (Ra) in plasma. Glucose, glycerol, and gfecreased amino acid, glucose, and glycerol kinetics.

cvketoisocaproic aciddKICA) Ra were calculated using Steele's  \easured REE was 26 keallkg/d. This value is identical to
equation for physiologic and isotopic steady state conditioi¥eter- the value predicted by the Harris-Benedict equation
mination ofaKICA enrichment allows an estimation of leucine release ’

from intracellular protein breakdown becausKICA is derived di- DISCUSSION
rectly from and is in equilibrium with intracellular leucine. Leucine
oxidation rate (an index of net protein catabolism) was obtained from Many patients with glucagonoma syndrome undergo partial
the product of carbon dioxide production and the isotopic enrichmentumor resection because of unresectable lesions and metastatic
of exhaled carbon dioxide. Nonoxidative leucine disposal rate (an indexdisease. In the present case report, we evaluated the effect of
of protein synthesis) was obtained from the difference between leucingalliative surgical therapy on the metabolic abnormalities as-
Ra and leucine oxidation. Resting energy expenditure was calculatedqciated with glucagonoma syndrome. Amino acid, glucose,
from oxygen consumption and carbon dioxide production measureyp,q lipid kinetics were determined 25 days after surgery during
ments:® basal conditions and during somatostatin infusion plus insulin
RESULTS replacgment in a patient who we previpusly §tudied before
operatior? The results of these metabolic studies show that
Plasma hormone and substrate concentrations during basg{perglucagonemia persists after only partial tumor resection
conditions and during somatostatin plus insulin infusion areand is responsible for continued alterations in substrate metab-
shown in Table 1. Plasma glucagon concentration did noblism. However, further inhibition of pancreatic-tumor hor-
decrease despite debulking a large portion of the visible tumormone secretion by infusing somatostatin decreased plasma glu-
Basal plasma insulin and glucose concentrations were higher &agon concentration, as well as the rates of protein breakdown,
the time of the isotope infusion study performed after surgerysynthesis, net protein catabolism, glucose production, and rate
compared with values obtained before the operaiduring of lipolysis.
the somatostatin plus insulin infusion, plasma glucagon con- Excess glucagon increases the rates of protein breakéown,
centration decreased by 50%, but the value was still muchylucose productio® and lipolysis? Despite resecting a large
higher than normal. Somatostatin infusion suppressed endoggyortion of our patient’s tumor, plasma glucagon concentration
nous insulin secretion; plasma C-peptide concentration wagemained more than 100 times higher than the mean values we
below the assay limit of detection. Insulin replacement duringhave observed in normal volunte@r®ur results show that the
somatostatin infusion was not adequate to maintain preinfusiopresence of persistent hyperglucagonemia was responsible for
basal levels, and plasma insulin concentration decreased hyicreased amino acid, glucose, and lipid kinetics in our patient,
50%. because these parameters decreased towards normal values
Leucine, glucose, and lipid kinetics during basal ConditionSWhen p|asma glucagon concentration declined during soma-
and during somatostatin plus insulin are shown in Table 2ipstatin plus insulin infusion. It is unlikely that the simulta-
Intracellular leucine ¢KICA) Ra, leucine oxidation, and non- negus infusion of insulin, which also affects amino &d,
oxidative leucine disposal were lower after surgery compare(b|ucosegl and lipid metabolis??23 was responsible for the
with values obtained preoperativélyGlucose Ra was greater sjower kinetics, because plasma insulin concentration was ac-
tually lower during somatostatin infusion than during basal
conditions. The infusion of somatostatin did not normalize
plasma glucagon concentration in our patient, and considerable
hyperglucagonemia was still present. Therefore, the normaliza-
tion of substrate kinetics during somatostatin infusion may

Table 1. Plasma Hormone and Substrate Concentrations During
Basal Conditions and Somatostatin Plus Insulin Infusion

Basal Somatostatin Plus Insulin have been possible because of a general downregulation of
Glucagon (pg/mL) 14,100 6,735 glucagon action that occurs with chronic glucagon exééss.
Insulin (mU/mL) 20 10 Itis possible that other factors may have influenced substrate
C-peptide (ng/mL) 2.8 <0.47 metabolism in our patient. First, although our patient was
Glucose (mg/dL) 188 164 weight stable at the time of the metabolic studies, she had lost
Glycerol (umol/L) 100 80

approximately 10 kg (17%) of her initial body weight before

Free fatty acids (umolll) 2,000 1290 surgery and an additional 2.7 kg after the operation. The
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presence of chronic undernutrition, which decreases proteolyplasma insulin concentrations, suggesting that insulin secretion
sis25-27may explain why her basal rate of whole-body protein was not diminished by surgery.

breakdown, as measured b¥XICA Ra, was lower compared This study shows that debulking surgery alone may fail to
with values observed in normal volunte@rglowever, the adequately suppress glucagon production and the metabolic
decline in aKICA Ra during somatostatin infusion suggests abnormalities caused by glucagon-producing tumors. Addi-
that proteolysis would have been even lower without the prestional therapy with a long-acting somatostatin analogue can
ence of hyperglucagonemia. Second, surgical stress itself cafurther decrease circulating glucagon levels, protein break-
cause insulin resistance, which would affect amino acid, glu-down, net protein loss, glucose production, and lipolysis caused
cose, and lipid kinetics. However, insulin resistance usuallyby hyperglucagonemia.

resolves within 2 weeks after operation, and it is unlikely that

operation-induced insulin resistance was still present 25 days ACKNOWLEDGMENT

after operatior¥® Third, it is possible that pancreatic resection  The authors thank the nursing staff of the General Clinical Research
and diminished islet cell mass limited the capacity for pancre-Center for their help in performing the experimental protocols, and our
atic insulin secretion. However, our patient had elevated basadtudy subject for participating in this study.
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