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Abstract
As the frequency of pancreas transplants increase worldwide, clinicians are faced with providing care to recipients
who may present with multiple comorbidities related to their underlying diabetes. This review summarizes the
perioperative management of pancreas transplant recipients from the viewpoint of the anesthesiologist. Preoperative
evaluation, intraoperative care and postoperative pain control are all discussed.
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Introduction
Pancreas transplant is indicated for patients with Type 1, as
well as, select patients with Type 2 diabetes. Over 26,000 pancreas
transplants were performed in the United States between 1988- 2012.
Of these, over 19,000 were simultaneous kidney-pancreas transplants
and 7400 were pancreas alone [1]. Additionally, over 3000 patients are
currently waiting for a pancreas in the United States alone. Advances
in immunosuppressant and surgical technique have greatly improved
outcomes for these delicate surgeries. As a member of the surgical team,
it is imperative for anesthesiologists to have a sound understanding
of the perioperative management of these patients to maximize graft
survivability.

Preoperative Evaluation
A transplant anesthesiologist should evaluate all patients prior
to their approval for pancreas transplantation. The assessment of
each candidate should always include a thorough evaluation for end
organ disease associated with diabetes. Additionally, an evaluation of
other preexisting comorbidities, a comprehensive airway exam, and
evaluation of vascular access sites should also be performed during this
initial exam.
Diabetes affects roughly 24 million Americans; with the majority
(90%) suffering from type 2 diabetes and it is thought that 1 in 3
Americans born within the last decade will develop diabetes during
their lifetime [2]. Type 1 diabetes, previously called insulin- dependent
diabetes, results from a destruction of pancreatic beta cells resulting in
the loss of insulin production. Environmental, genetic, and autoimmune
causes have all been suggested as potential etiologies. Typically
presenting in adolescence as weight loss, polydipsia, polyphagia, and
polyuria; these patients may also present emergently with ketoacidosis
and hyperglycemia. Therapy is aimed at restoring euglycemic with
exogenously administered insulin. Type 2 diabetes, formerly known as
non-insulin dependent diabetes, is associated with insulin resistance
in the peripheral tissues often followed by beta cell dysfunction in the
later stages. While often a disease of older adults, there is a growing
percentage of adolescents and young adults being diagnosed [3]. These
patients typically present insidiously and diagnosis can be made using
guidelines established by the American Diabetes Association (ADA)
[4]. Often patients with type 2 diabetes are managed initially with
lifestyle changes and oral hypoglycemics, however many will progress
to requiring insulin to manage their hyperglycemia.
An exam of the chronic diabetic should include a detailed
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evaluation of the cardiovascular system. Patients are predisposed
to accelerated atherosclerosis due to oxidative stress, low grade
inflammation, and endothelial dysfunction resulting from the effects of
chronic hyperglycemia on intracellular metabolism [5]. Women may be
at slightly greater risk than males when adjusted for age [6]. Since these
patients are also at risk for silent ischemia, risk stratification should be
assessed based on cardiac risk factors and functional status. The ADA
suggests that the transition to higher cardiovascular risk may occur
after age 40 and aggressive testing should be explored in these patients
[7-9].
Poorly controlled diabetics may suffer from autonomic dysfunction.
Cardiac and peripheral manifestations of this syndrome can increase
the mortality and morbidity associated with surgery [10-13]. Loss
of sympathetic tone can result in profound hypotension following
induction of anesthesia, as well as, a predilection to intraoperative
hypothermia. Additionally, these patients may not be responsive to
atropine or ephedrine [14]. The diagnosis may be difficult to make, but
may be detected with tests evaluating cardiovascular reflexes, such as
heart rate variability and orthostatic hypotension.
Chronic renal insufficiency and renovascular disease are also
common comorbidities associated with long standing diabetes that
has been inadequately managed and typically presents as persistent
proteinuria and a decreasing glomerular filtration rate. Several
factors have been shown to increase the risk of disease progression
[15-20]. The pathological process appears to begin with glomerular
hypertrophy and hyper filtration progressing to inflammation of the
glomeruli and tubulointerstitial regions, finally resulting in the loss of
renal cell numbers and the accumulation of extracellular matrix [21].
Progression to renal failure can be slowed with proper management of
hyperglycemia, as well as, renoprotective strategies using ace-inhibitors
and angiotensin receptor antagonists [22].
Chronic glycosalation of intimal vascular tissue and accelerated
atherosclerosis increases the risk the development of micro and
macrovascular disease clinically presenting as retinopathy, systemic
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hypertension, stroke, and peripheral vascular disease [23,24]. Tight
glycemic control and management of blood pressure can significantly
slow the progression of these complications.
Additionally, patients should be questioned about gastroparesis,
neuropathy, metabolic abnormalities, and hospitalizations. A complete
blood count and metabolic panel should also be obtained. Measurement
of hemoglobin A1C levels can provide insight into the degree of glucose
control. Questions regarding their insulin regimen should also be
elucidated.
An airway exam is essential during the initial visit. Type 1 diabetics
have been shown to have a higher incidence of difficult intubation due
to stiffness at the atlanto- occipital joint [25]. Obesity is a frequent
comorbidity associated with type 2 diabetes and while, by itself, is not
an independent risk factor for difficult intubation, these patients can
have anatomic and physiologic features that make securing the airway
difficult [26]. Mallampati score, neck extension, thyromental distance,
and dentition should be carefully inspected.

Intraoperative Management
Pancreas transplantation is typically performed under general
anesthesia. A balanced technique using protocol, midazolam, and
narcotics is typically used for induction. In patients with severe heart
disease, etomidate may be a safe alternative to protocol given its more
stable cardiovascular profile. Patients with a difficult airway should be
properly preoxygenated and intubated awake. Patients with decreased
range of motion at the atlanto-occipital joint can be done asleep with
the assistance of airway devices, such as a video assisted laryngoscope
or fiberoptic bronchoscopy to minimize neck extension.
Since gastroparesis can occur with long standing diabetics, a
rapid sequence intubation with cricoid pressure should be performed
to minimize the risk of aspiration. Succinylcholine, a depolarizing
neuromuscular blocking agent, is often used to accomplish this
due to its rapid onset of action. While effective at rapid paralysis,
succinylcholine has many significant adverse effects and caution should
be used in patients with renal disease as they may be at risk for cardiac
arrest resulting from hyperkalemia, although this has recently been
challenged [27]. In patients with a contraindication to succinylcholine,
rocuronium can be substituted if the airway appears straightforward.
Maintenance of anesthesia is best done by using a volatile anesthetic
such as isoflurane or desflurane with intermittent narcotics [28].
Muscle paralysis should be employed to facilitate surgical exposure.
This can be accomplished by maintaining a single twitch on train of
four monitoring. Any nondepolarizing agent is sufficient, however,
patients with significant renal disease, may benefit from the use of cisatracurium due to its organ independent metabolism.
In addition to standard monitors, a central venous catheter and radial
artery catheter should be placed to assist in monitoring of intravascular
volume, administration of medications, and intraoperative blood
sampling [28,29]. More advanced monitoring, such as transesophageal
echocardiography and pulmonary artery catheters are rarely indicated.
Intraoperative blood pressure and heart rate should be maintained at
baseline values, and increased slightly prior to recirculation of the graft.
This can usually be accomplished with liberal fluid resuscitation and
intermittent vasopressor administration.
Following graft recirculation, pancreatic beta cells begin secreting
insulin within 5 minutes, so careful attention to glucose levels is
paramount [28,30]. Blood glucose levels should be assessed every 15
minutes for the first hour, then every 30 minutes thereafter for the
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duration of the surgical case. The goal of tight glucose control is to
prevent hyperglycemia induced islet cell dysfunction and to rest the
beta cells until reperfusion abnormalities have normalized [29,31-33].
An insulin infusion should be initiated and titrated to maintain a blood
sugar in the range of 120-150 mg/dl. At our institution, the formula
(blood glucose-60)×0.3 is used to determine the insulin infusion rate.
Following skin closure, neuromuscular blockade is reversed and
the majority of patients are extubated in the operating room. Patients
are then observed in the recovery area while electrolyes and pain
control are optimized. Additionally, we obtain a chest X-ray to confirm
proper line placement and a postoperative electrocardiogram. Typically
most patients’ pain is well managed using patient controlled analgesia
with either morphine or hydromorphone. In patients with renal failure,
hydromorphone is best suited as there is a risk of accumulation of
the renally cleared morphine metabolites. The metabolite morphine6-glucuronide has been associated with respiratory depression and
obtundation [34] and morphine-3-glucuronide was initially felt to
be neuroexcitatory, although recent evidence suggests this may be
untrue [35,36]. Epidural anesthesia is typically avoided as many centers
administer anticoagulation postoperatively to minimize the risk of
vascular thrombosis [37]. Instead pain that is poorly controlled pain
with narcotics may be ameloriated with transverses abdominis plane
blocks [38]. These blocks when performed under ultrasound guidance
appear to be safe in coagulopathic patients since they are placed within
a fascial plane and away from major vascular or neurological structures.
These blocks have a finite duration of action, however, and would need
to be repeated if the pain persists. Transversus abdominis plane block
using indwelling catheters have been described for various abdominal
surgeries, however these have not been described for pancreas
transplants.

Summary
Pancreas transplantation has the ability to restore euglycemia
in patients suffering from type 1 and select patients with type 2
diabetes. Advances in surgical technique and immunosuppression
have improved outcomes for patients receiving pancreas transplants.
A sound knowledge of the pathophysiology associated with diabetes
is fundamental to developing a safe perioperative plan and improving
graft survivability.
References
1. Organ Procurement and Transplant.
2. Inzucchi SE, Sherwin RS. Type 1 Diabetes Mellitus. In: Goldman L, Shafer
AI, editors. Goldman’s Cecil’s Medicine, 24th ed. Philadelphia: SaundersElsevier; 2012: e78-e94.
3. Nesmeth J. Type 2 diabetes in children and adolescents. Pediatr Rev. 2001;
22: 147-52.
4. American Diabetes Association. Standards of medical care in diabetes2010. Diabetes Care. 2010; 33: s11- s61.
5. Matheus AS, Tannus LR, Cobas RA, Palma CC, Negrato CA, et al. (2013)
Impact of diabetes on cardiovascular disease: an update. Int J Hypertens
2013: 653789.
6. Kannel WB, McGee DL (1979) Diabetes and cardiovascular disease. The
Framingham study. JAMA 241: 2035-2038.
7. Bax JJ, Young LH, Frye RL, Bonow RO, Steinberg HO, et al. (2007) Screening
for coronary artery disease in patients with diabetes. Diabetes Care 30:
2729-2736.
8. American Diabetes Association. Standards of medical care in diabetes2013. Diabetes Care. 2013; 36: s11-s66.
9. Scognamiglio R, Negut C, Ramondo A, Tiengo A, Avogaro A (2006) Detection

Volume 3 • Issue 2 • 1000122

Citation: Aniskevich S, Perry DK (2013) Anesthesia for Pancreas Transplantation. Pancreatic Dis Ther 3: 122. doi:10.4172/2165-7092.1000122

Page 3 of 3
of coronary artery disease in asymptomatic patients with type 2 diabetes
mellitus. J Am Coll Cardiol 47: 65-71.

24. McCulloch DK. Glycemic control and vascular complications in type 1 diabetes
mellitus. UpToDate. Accessed 4/2013.

10. Ciccarelli LL, Ford CM, Tsueda K (1986) Autonomic neuropathy in a diabetic
patient with renal failure. Anesthesiology 64: 283-287.

25. Hogan K, Rusy D, Springman SR (1988) �����
laryngoscopy and diabetes
mellitus. Anesth Analg 67: 1162-1165.

11. �������
AN, Tsueda K, Berg J, Wieman TJ (1986) Refractory bradycardia
after reversal of muscle relaxant in a diabetic with vagal neuropathy. Anesth
Analg 65: 1237-1241.

26. Loder WA (2010) Airway management in the obese patient. Crit Care Clin 26:
641-646.

12. Lucas LF, Tsueda K (1990) Cardiovascular depression after brachial plexus
block in two diabetic patients with renal failure. Anesthesiology 73: 1032-1035.
13. Page MM, Watkins PJ (1978) Cardiorespiratory arrest and diabetic autonomic
neuropathy. Lancet 1: 14-16.
14. Tsueda K, Huang KC, Dumont SW, Wieman TJ, Thomas MH, et al. (1991)
Cardiac sympathetic tone in anaesthetized diabetics. Can J Anaesth 38: 20-23.
15. Bakris GL. Overview of diabetic nephropathy. Up To Date. Accessed 4/2013.
16. Smith SR, Svetkey LP, Dennis VW (1991) Racial differences in the incidence
and progression of renal diseases. Kidney Int 40: 815-822.
17. de Boer IH, Sibley SD, Kestenbaum B, Sampson JN, Young B, et al. (2007)
Central obesity, incident microalbuminuria, and change in creatinine clearance
in the epidemiology of diabetes interventions and complications study. J Am
Soc Nephrol 18: 235-243.
18. Ahmed SB, Hovind P, Parving HH, Rossing P, Price DA, et al. (2005) Oral
contraceptives, angiotensin-dependent renal vasoconstriction, and risk of
diabetic nephropathy. Diabetes Care 28: 1988-1994.
19. Brancati FL, Whittle JC, Whelton PK, Seidler AJ, Klag MJ (1992) The excess
incidence of diabetic end-stage renal disease among blacks. A populationbased study of potential explanatory factors. JAMA 268: 3079-3084.
20. (1999) Predictors of the development of microalbuminuria in patients with Type
1 diabetes mellitus: a seven-year prospective study. The Microalbuminuria
Collaborative Study Group. Diabet Med 16: 918-925.
21. Wada J, Makino H (2013) ������ and the pathogenesis of diabetic
nephropathy. Clin Sci (Lond) 124: 139-152.
22. Van Buren PN, Toto RD (2013) The pathogenesis and management of
hypertension in diabetic kidney disease. Med Clin North Am 97: 31-51.
23. Murabito JM, D’Agostino RB, Silbershatz H, Wilson WF (1997) Intermittent
claudication. A risk ����
from The Framingham Heart Study. Circulation 96:
44-49.

Pancreatic Dis Ther
ISSN:2165-7092 PDT, an open access journal

27. Thapa S, Brull SJ (2000) Succinylcholine-induced hyperkalemia in patients with
renal failure: an old question revisited. Anesth Analg 91: 237-241.
28. Larson-Wadd K, Belani KG (2004) Pancreas and islet cell transplantation.
Anesthesiol Clin North America 22: 663-674.
29. Koehntop DE, Beebe DS, Belani KG (2000) Perioperative anesthetic
management of the kidney-pancreas transplant recipient. Curr Opin
Anaesthesiol 13: 341-347.
30. Troppmann C, Gruessner AC, Papalois BE, Sutherland DE, Matas AJ, et
al. (1996) Delayed endocrine pancreas graft function after simultaneous
pancreas-kidney transplantation. Incidence, risk factors, and impact on longterm outcome. Transplantation 61: 1323-1330.
31. Clark A, Bown E, King T, Vanhegan RI, Turner RC (1982) Islet changes
induced by hyperglycemia in rats. Effect of insulin or chlorpropamide therapy.
Diabetes 31: 319-325.
32. Dohan FC, Lukens FD (1947) Lesions of the Pancreatic Islets Produced in Cats
by Administration of Glucose. Science 105: 183.
33. Imamura T, ����
M, Helderman JH, Prince D, Thirlby R, et al. (1988)
Severe diabetes induced in subtotally depancreatized dogs by sustained
hyperglycemia. Diabetes 37: 600-609.
34. Tiseo PJ, Thaler HT, Lapin J, Inturrisi CE, Portenoy RK, et al. (1995) Morphine6-glucuronide concentrations and opioid-related side effects: a survey in cancer
patients. Pain 61: 47-54.
35. Penson RT, Joel SP, Clark S, Gloyne A, Slevin ML (2001) Limited phase I study
of morphine-3-glucuronide. J Pharm Sci 90: 1810-1816.
36. Penson RT, Joel SP, Bakhshi K, Clark SJ, Langford RM, et al. (2000)
Randomized placebo-controlled trial of the activity of the morphine glucuronides.
Clin Pharmacol Ther 68: 667-676.
37. Farney AC, Rogers J, Stratta RJ (2012) Pancreas graft thrombosis: causes,
prevention, diagnosis, and intervention. Curr Opin Organ Transplant 17: 87-92.
38. Aniskevich S, Clendenen SR, Torp KD (2011) Bilateral transversus abdominis
plane block for managing pain after a pancreas transplant. Exp Clin Transplant
9: 277-278.

Volume 3 • Issue 2 • 1000122

