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Abstract

Background: Children with severe chronic pancreatitis may undergo total pancreatectomy with islet auto-
transplantation (TPIAT) to relieve pain while minimizing the risk of postsurgical diabetes. Because overstimu-
lation of transplanted islets by hyperglycemia can result in f-cell loss, we developed a specialized intravenous
insulin infusion protocol (IIP) for pediatric TPIAT recipients to maintain euglycemia or near-euglycemia post-
transplant.

Subjects and Methods: Our objective was to review glucose control using an IIP specific for TPIAT recipients at a
single institution. We reviewed postoperative blood glucose (BG) levels for 32 children 4-18 years old with
chronic pancreatitis who underwent TPIAT between July 2011 and June 2013. We analyzed the proportion of BG
values in the range of 70-140 mg/dL, mean glucose, glucose variability, and occurrence of hypoglycemia during
the IIP; we also evaluated the transition to subcutaneous therapy (first 72 h with multiple daily injections [MDI]).
Results: During IIP, the mean patient BG level was 11627 mg/dL, with 83.1% of all values in the range of
70-140 mg/dL. Hypoglycemia was rare, with only 2.5% of values <70 mg/dL. The more recent era (n=16) had a
lower mean BG and less variability than the early era (first 16 patients) (P <0.004). Mean glucose level (116 vs.
128 mg/dL) and glucose variability were significantly lower during the IIP compared with MDI therapy
(P<0.0001).

Conclusions: Tight glycemic control without excessive severe hypoglycemia was achieved in children under-
going TPIAT using an IIP specifically designed for this population; the ability to maintain BG in target range
improved with experience with the protocol.

Introduction

CHRONIC PANCREATITIS IS associated with incapacitating
pain, frequent hospitalizations, and a high risk of nar-
cotic dependence. Although rare in children, the disease can be
debilitating for those afflicted. In children with severe chronic
pancreatitis, total pancreatectomy (TP) may be considered to
relieve pain, with simultaneous islet autotransplantation (IAT)
performed to minimize the risk for postsurgical diabetes
mellitus. In this procedure, the islets are isolated from the
remainder of the pancreas, infused back into the portal vein,
and subsequently engraft in the liver sinusoids where they
release insulin in response to ambient blood glucose (BG).!

Approximately 40% of children discontinue insulin ther-
apy after TPIAT, with islet mass being the most important
measurable predictor of subsequent diabetes risk.>® During
isolation, islets are stripped of their native arteriolar blood
supply. Once transplanted, islets are reliant on diffusion of
nutrients and oxygen to the islet core until neovascularization
is complete, a process that takes weeks to months.”® During
this period of engraftment, the islets are particularly vulner-
able to overstimulation by hyperglycemia in an anoxic en-
vironment, which contributes to f-cell loss.”'° In animal
models, hyperglycemia increases ff-cell apoptosis, while
maintenance of euglycemia reduces the islet mass required to
reverse diabetes.!'~'® Although such studies are difficult to
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perform in human recipients, data from a large TPIAT cohort
at our institution further suggest that small differences in
mean BG level in the first week posttransplant correlate with
later insulin independence.l7 For these reasons, TPIAT re-
cipients are carefully managed with insulin therapy, targeting
glucose levels as close to physiologic as possible to protect
the engrafting islet mass, while minimizing the risk of severe
hypoglycemia. In the first week posttransplant (when islets
are most hypoxic), insulin is administered primarily by an
intravenous insulin infusion protocol (IIP).

Development of any IIP involves certain key elements:
selecting a target BG level appropriate for the patient popu-
lation, establishing a schedule for frequent BG monitoring,
adjusting insulin infusion rate based on BG values and the
rate of BG change, and establishing policies to minimize
hypoglycemia.'®22 After development, novel IIPs require a
period of implementation during which there is established
staff acceptance and comfort with nurse-driven management
changes.'® Although early clinical trials favored strict BG
targets (80—110mg/dL) in postsurgical intensive care unit
(ICU) patients,?3-2® more recent trials have favored moderate
glycemic goals (conventionally approximately 140 mg/dL) to
reduce hypoglycemia-associated mortality.2’-2° These find-
ings have led to subsequent efforts to develop hospital-wide
insulin infusion protocols that tolerate moderate hypergly-
cemia as a trade-off for reduced ICU mortality.!'8-20-22:30
However, these general ICU protocols do not take into con-
sideration the specific needs of the islet autotransplant pop-
ulation. Protocols that tolerate hyperglycemia may not be
optimal for the management of TPIAT recipients, for whom
mortality is rare and nearer- normal glycemic targets are
desired to protect the engrafting islets. For this reason, we
implemented a novel ‘“‘pediatric TPIAT”’ IIP, favoring more
physiologic glucose targets than those used in the conven-
tional pediatric IIP protocol, for targeted use only in TPIAT
recipients. Herein, we describe a retrospective cohort of 32
children who underwent TPIAT at a single institution treated
with the novel TPIAT IIP. We hypothesized that the adapted
IIP would produce near-normal glycemia with a majority
of measured values in a physiologic range (70-140 mg/dL)
without severe hypoglycemia.

Research Design and Methods

We studied glycemic control on the IIP and during transi-
tion to subcutaneous insulin (first 72h on subcutaneous in-
sulin) in a cohort of 32 children (4-18 years of age) who
underwent TPIAT at the University of Minnesota between
July 2011 and June 2013. All patients were enrolled in an
Institutional Review Board—approved prospective cohort
study following outcomes after TPIAT. Informed consent or
assent was obtained from parents and patients as appropriate.

Procedure of TPIAT

The surgical procedure of TPIAT was performed as pre-
viously described,' with minor modifications to the gastro-
intestinal reanastamosis. In brief, a TP, partial duodenectomy,
Roux-en-Y duodenojejunostomy, choledochojejunostomy,
and splenectomy were performed. Islet isolation and purifi-
cation were performed in the University of Minnesota Mo-
lecular and Cellular Therapeutics GMP Facility. The pancreas
was distended with cold enzyme solution using a pressure-
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controlled pump system®' and then digested using the semi-
automated method of Ricordi et al.*® The islets were infused
into a tributary of the portal vein; if elevated portal pressures
prevented infusion of all islets intraportally, the remaining
islets were transplanted into the peritoneal cavity.

1P

All patients are placed on insulin therapy after TPIAT,
adjusted to maintain the majority of glucose levels in the
range of 80-125 mg/dL for the first month after TPIAT. In-
sulin is administered as an intravenous infusion for approx-
imately 1 week and then transitioned to subcutaneous insulin.

We designed a novel pediatric TPIAT intravenous IIP to
maintain physiologic glucose targets (insulin adjusted to target
100-120 mg/dL) (Fig. 1), using an electronic medical record—
based protocol with pediatric endocrinology consultation. This
protocol was adapted from the hospital’s standard pediatric ITP
protocol (implemented in 2011, with a higher glucose target of
approximately 130 mg/dL [range, 100—160 mg/dL]) developed
by committee at the University of Minnesota and based on
published ICU intensive insulin infusion guidelines.'® " Prior
to implementation in 2011, there was no standard IIP for chil-
dren undergoing TPIAT (weighing <45kg), and insulin infu-
sion rates were adjusted on a case-by-case basis, also involving
electronic medical record—based ordering with endocrinology
consultation. The pediatric endocrinology group was familiar-
ized with the IIP through presentation at division conferences.

The pediatric TPIAT IIP is used only within this pre-
specified population, recognizing that these children have a
different risk—benefit ratio that favors maintaining tighter
glycemic control compared with the conventional pediatric
ICU patient. Differences from the hospital standard IIP in-
clude lower target range, greater adjustments in insulin in-
fusion rates for mild hyperglycemia, tolerating lower glucose
values (infusion rate is reduced but not always stopped for
physiologically normal glucose values of 80-99 mg/dL), and
different threshold for hypoglycemia treatment (<80 mg/dL
vs. <100 mg/dL). To minimize risk of hypoglycemia, the IIP is
designed to reduce or temporarily halt insulin infusion when the
glucose level is <100 mg/dL (for potential impending hypo-
glycemia), although glucose values of 80-99 mg/dL are con-
sidered acceptable. This protocol addresses the critical elements
of insulin adjustments based on the following: frequent glucose
checks, current as well as previous glucose values, rate of
change in glucose level, protocolized nurse-directed decisions,
and minimizing hypoglycemia. The IIP allows nursing discre-
tion around the target range (titrate by 0—10%) based on their
experience and taking into account BG trend.

Subcutaneous insulin injections

At our institution, all patients were placed on continuous
enteral feeds via J-tube and slowly advanced to goal volumes
postoperatively. Thus, introduction of subcutaneous insulin
therapy via multiple daily injections (MDI) was delayed until
feeds were at full enteral requirements (typically postopera-
tive Day 5-7). Long-acting insulin (glargine or detemir)
was calculated at 100-120% of the total daily intravenous
insulin dose, based on the rate at stable enteral feeds, and
often administered as a divided twice-daily dose. BG values
were monitored every 4 h, with rapid-acting insulin (aspart)
administered as needed for glucose levels >125mg/dL;
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University of Minnesota Post-Op TPIAT Insulin Infusion Protocol

BLOOD SUGAR MONITORING AND GOALS WHILE ON INSULIN DRIP

Monitor blood sugars q1 hourforthe first 48 hours post-transplant. After 48 hours, blood sugar
should be monitored every 1 hour until stable inthe target range x 4 hours; if BG in target range
X 4 hours, frequency of monitoring can be reducedto every two hours.

GOAL blood sugar: 100— 120 mg/dL on insulin drip

INSULIN DRIP ORDERS

PUMP SHOULD BE PROGRAMMED IN UNITS/KG/HOUR (PEDS PROTOCOL) REGARDLESS
OF PATIENT WEIGHT, TO MAINTAIN CONSISTENCY IN DOSING.

Initiate drip at 0.025-0.05 units/kg/hr (MAXIMUM starting rate 2 units/hour)

One hour afterinitiation of infusion and with each new blood glucose, adjustinfusion according to
Insulin Infusion Adjustment Tables.

IF:

Currentblood sugar=160 mag/dL,

AND blood sugarhas increased by =30 mag/dL overthe past 1 hour, INcrease rate by 50%
AND blood sugaris unchanged, decreasing, or within 30 mg/dL of previous hour, INcrease rate
by 25%

If blood sugarwas drawn off a line, please confirm by fingerstick before increasing drip rate

Currentblood sugar 131-160 ma/dL,

AND blood sugarhas increased or stayed the same (within 30 mg/dL) over past 1 hour, INcrease
rate by 25%

AND blood sugarhas decreased by 30 mg/dL or more inthe past one hour, reduce rate by 5%

Currentblood sugar 121-130 mg/dL,

AND blood sugarhas increased or stayed the same (within 30 mg/dL) over past 1 hour, INcrease
rate by 10%

AND blood sugarhas decreased by 30 ma/dL ormore inthe past one hour, reduce rate by 10%

Currentblood sugar 100-120 mg/dL, Keep at same rate or titrate UP or DOWN by 5%-10% based

on the blood sugartrend. (Target blood sugar 100-120 mg/dL).

Currentblood sugar90- 99 mg/dL,

AND lastblood sugarwas <120 mg/dL, reduce rate by 5%
AND lastblood sugarwas =120 mg/dL, reduce rate by 25%

Currentblood sugar80-89,

AND lastblood sugarwas <100 mg/dL, reduce rate by 25%
AND lastblood sugarwas =100 ma/dL, hold drip until blood sugaris >80 mg/dL, recheck blood

sugar after 30 minutes, and restart at 75% of previous rate when BG is >90 mg/dL.

FOR CURRENT BG 60-79 mg/dL, follow hypoglycemia orders and when BG is >90, restart at

75% of the previous rate.

FOR CURRENT BG = 60 mg/dL, follow hypoglycemia orders and when BG =90, restart at 50% of

the previous rate

PAGE ON-CALLENDO FOR: Bloodsugar>=180or=125x 3 consecutive checks

FIG. 1. University of Minnesota pediatric total pancreatectomy with islet autotransplantation (TPIAT) insulin infusion

protocol. BG, blood glucose; ENDO, endocrinologist.

rapid-acting insulin was generally initiated at 1 unit per 25 or
per 50 mg/dL (based on total daily insulin use >30 or <30
units/day, respectively). The basal insulin analog was ad-
justed to maintain the majority of daily glucose values in a
target range of 80-125mg/dL. Once the patient is eating
(typically approximately 2-3 weeks postoperatively), an in-
sulin-to-carbohydrate ratio was added at 0.5—1 unit per 15 g.

Although beyond the scope of this report, long-term glu-
cose targets are more lenient, targeting 80—125 mg/dL fasting
and 80-150 mg/dL nonfasting (postprandial), and with he-
moglobin Alc<6.5%.

Data collection

Demographic data, BG levels, and insulin administration
data were collected retrospectively from the electronic medical
record. A BG level of <70 mg/dL was defined as hypoglyce-
mia, and one of <40mg/dL was defined as severe hypogly-
cemia. We analyzed the proportion of BG values <70 mg/dL
and >140 mg/dL (considered meaningful hyperglycemia) and
the number of patients with any severe hypoglycemic episode.
Glycemic control achieved while the patient was on the IIP was
evaluated longitudinally to look for a learning curve among the
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physician and nursing care providers. We evaluated the same
parameters for the first 72h immediately after transition to
MDI therapy and compared the glycemic parameters for the ITP
and MDI periods.

BG levels were measured with a standard bedside hospital
glucose meter (SureStep® Pro® meters [LifeScan, Milpitas,
CA] prior to October 2012 and StatStrip® glucose meters
[Nova Biomedical, Waltham, MA] after October 2012). BG
values were obtained every 1-2 h while the patient was on the
intravenous IIP and every 4 h after transition to subcutaneous
therapy.

Statistical analysis

Data are expressed as mean £ SD values or as a percentage.
The first 16 patients treated with the IIP were considered Era
1 (early era), and the latter 16 patients were treated as Era 2
(later era). BG values between the eras were compared by
two-tailed Student’s ¢ tests, and the IIP and MDI groups were
compared using two-tailed Student’s 7 test in a paired fashion,
in which patients served as their own controls. An adjusted
comparison for the IIP and MDI was performed controlling
for the potential confounding variables of gender, body mass
index, age, and islet mass transplanted using a mixed-model
analysis, with a Type 3 test of fixed effects to control for the
four covariates regardless of ordering. General linear mixed
models were used to compare the trajectory of change in glu-
cose levels using the insulin drip versus subcutaneous injec-
tion. The adjusted differences for glucose levels within subjects
were expressed as least squares mean by group and time. The
independent effects of time on treatment, the adapted protocol,
and the interaction were tested using a Type 3 test. Homo-
geneity of variances (glucose variability) was compared be-
tween groups for all subjects and each subject separately using
Levene’s homogeneity of variance test. All analyses were
performed using the software from SAS (Cary, NC). Values of
P <0.05 were considered statistically significant.

Results
Patients

Patients had a mean age of 13+3.7 years, 59% were fe-
male, and most had genetic disease (Table 1). Patients re-
ceived 4,830+3,692 islet equivalents (IEQ)/kg of body
weight transplanted.

Glycemic targets are achieved on the intravenous IIP

Patients were maintained on the intravenous IIP for a mean
of 6.9+£2.4 days prior to initiation of subcutaneous injec-
tions (Table 2). Overall, patients on the IIP had a mean BG
level of 116 +27 mg/dL, with 83.1% of all values in the range
of 70-140 mg/dL. Hypoglycemia was rare, with only 2.5% of
values <70 mg/dL. Only two patients had any severe hypo-
glycemia (<40 mg/dL), representing 0.1% of all values; no
patient experienced adverse sequelae from hypoglycemia.

Time spent in target range and glycemic variability
improved over time

As with any new protocol, it was expected that there would
be a gradual learning curve for healthcare providers pre-
scribing or administering the IIP. To evaluate effect of ex-
perience, we compared the first 16 patients (Era 1) and the
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TABLE 1. PATIENT DEMOGRAPHICS
Characteristic TPIAT patients
Number of patients 32
Age (years) 13£3.7
Male sex 41%
Weight (kg) 50+20
BMI (kg/m?) 20.57+5.075
Duration on intravenous insulin 69124
infusion (days)
Primary etiology of pancreatitis
PRSS1 (autosomal dominant, hereditary) 59%
Cystic fibrosis (two CFTR mutations 16%
or positive sweat chloride test)
Other genetic mutation(s) (SPINKI, 16%
CTRC, CFTR carrier)
Other (pancreatic divisum, idiopathic) 9%
Transplanted IEQ/kg of body weight 4,830+3,692

Data are mean=® SD values or percentages as indicated.

BMI, body mass index; CFTR, cystic fibrosis transmembrane
conductance regulator; IEQ, islet equivalents; TPIAT, total pancre-
atectomy with islet autotransplantation.

latter 16 patients (Era 2) managed on the IIP (Table 2). Era 1
and Era 2 did not differ in transplanted IEQ/kg (4,956 £ 4,703
vs. 4,167+3,282, respectively; P=0.85), time on the IIP
(6.7£2.0 vs. 7.1£2.7 days, respectively; P=0.64), postsur-
gical length of stay (17.9+5.3 days vs. 18.8+7.9 days, re-
spectively; P=0.65), or surgical compilations (12.5% vs.
25.0%, respectively; P=0.33). The mean BG level in Era
2 was 4mg/dL lower, a small but statistically significant
difference, which remained significant when adjusted for
gender, age, body mass index, and transplanted IEQ/kg
(P=0.004). Glucose variance was less in Era 2 (Levene’s test
for homogeneity, P<0.0001). Mean and range between the
5™ and 95" percentile BG values for each patient sequentially
are displayed in Figure 2. In addition, Era 2 patients, com-
pared with Era 1 patients, had less hyperglycemia (11.1% vs.
17.7% of readings >140 mg/dL), less hypoglycemia (1.6%
vs. 3.4% <70mg/dL), and a greater percentage of readings in
the range of 70-140 mg/dL (87.3% vs. 78.9%) (P <0.05 for
all). The rate of severe hypoglycemia was low; although this
did not differ significantly across the eras (P >0.05), the only
two patients with glucose levels <40 mg/dL on the IIP were
in Era 1.

Transition to subcutaneous insulin therapy

Per our institutional protocol, patients were transitioned to
subcutaneous MDI insulin once on full enteral feeds. Gly-
cemic control on MDI was reasonable, based on a near-target
mean BG level (128 £ 38 mg/dL), but was limited by a greater
proportion of values >140mg/dL (31%; Table 2).

To account for the correlated nature of repeated BG testing
and differences in time on the insulin infusion, a mixed-
models approach (Type 3 test of fixed effects) was used to
compare mean glucose levels on the IIP versus MDI therapy.
The mean glucose level was significantly lower while pa-
tients were on the intravenous IIP versus the subcutaneous
MDI therapy (P <0.0001) when controlling for gender, age,
body mass index, and IEQ/kg.



TABLE 2. BLOOD GLUCOSE VALUES COMPARISONS

Averages Era
72-h Era I (first Era 2 (latter
1P MDI P value 16 patients) 16 patients) P value

Blood glucose (mg/dL)

Average 116 128 0.003* 118 114 0.005%

SD 27 38 0.0001* 31 23 0.0007*

Minimum 56 67 0.003* 52 61 0.02*

Maximum 216 220 0.64 241 190 0.002*
% >140mg/dL 14.4 31.2 <0.0001* 17.7 11.1 0.001?
% <70mg/dL 2.5 4.5 0.098 34 1.6 0.02*
% in target range 70-140 mg/dL 83.1 64.4 <0.0001* 78.9 87.3 0.0005"
% values <40 mg/dL 0.1 0.1 0.68 0.2 0.0 0.24
% of patients with a value

<70 mg/dL 90.6 50.0 0.000273* 100.0 81.3 0.08253

<40 mg/dL 6.3 6.3 1.00 12.5 0.0 0.16388
Insulin received during period (average = SD)

Per day (U/day) 43129 62138 0.000239° 45127 40+31 0.64189

Per kg/day (U/kg/day) 0.96+£0.77 1.33+£0.56 0.00299* 0.96£0.55 0.96+£0.47 0.99

Mean values for glycemic variables in the 32 patients while on the insulin infusion protocol (IIP) and during the first 72h on multiple
daily injections (MDI) therapy are compared on the left and glycemic parameters for the initial 16 patients (Era 1) versus the latter 16
patients (Era 2) during the intravenous IIP are compared on the right. P values are based on paired Student’s 7 tests.

“Significant difference.
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Glucose variance was significantly less during the IIP
protocol compared with the MDI therapy (by Levene’s ho-
mogeneity of variance test, P<0.0001). It is notable that
when glucose variability was analyzed within each individual
patient, half of the patients (16 of 32) had significantly less
glucose variability on the IIP (P<0.05, favoring IIP over
MDI), whereas the other half had statistically similar gly-
cemic variability on both regimens.

Discussion

Children undergoing TP and IAT for chronic pancreatitis
represent a unique patient population for which a highly
specialized ITP may be desired. Current hospital standard ITPs
are adapted from the medical literature focused on primarily
adult ICU and cardiac ICU populations, where the impact
of hyperglycemia on surgical recovery, wound healing, and
infection must be balanced with the mortality risks that are
incumbent in this population and increased by occurrence
of severe hypoglycemia.'®2*2272830 Ip contrast, in the pe-
diatric TPIAT population, mortality is rare, and maintenance
of euglycemia is essential to reduce glycemic stress on the
transplanted pancreatic islets and thereby improve engraft-
ment and long-term diabetes outcomes.”!!~!3 For this pop-
ulation, at our institution, we have adopted a modified IIP to
target a lower and narrower target BG range, designed to
minimize both significant hypoglycemic and hyperglycemic
events.

We hypothesized that the use of a specialized IIP in our
pediatric TPIAT recipients would result in the majority of
glucose values maintained in the range of 70-140mg/dL
without severe hypoglycemia. Overall, the TPIAT IIP was
highly successful in achieving strict glycemic control in post-
surgical TPIAT patients. The mean glucose level for all patients
while on the IIP was within the goal range (11627 mg/dL;
range of mean BG levels for all patients, 109—125 mg/dL),
and more than 80% of all glucose values remained within
an acceptable range of 70-140 mg/dL, with minimal hypo-
glycemia and no serious adverse events. It should be noted
that the islet yield for many patients was moderate to high
(4,830+3,692 TEQ/kg), and these transplanted islets may
contribute to better glycemic control.'™

The rationale for targeting a physiologic glucose range in
our transplant recipients is to avoid hyperglycemia-induced
p-cell loss. This concept is supported by a large body of
animal studies as well as ongoing work in clinical islet
transplant recipients at our institution.>'” Although some
conflicting studies have suggested that glucose is a stimulus
for the expansion of ff-cell mass or survival in the vascular-
ized pancreases,”>** one should be cautious in applying these
same principles to newly transplanted devascularized islets.
Even so, the IIP at our institution does not keep islets devoid
of glucose; although physiologic BG is the goal, all patients
experience some supraphysiologic excursions (nearly 15% of
BG values are >140mg/dL), and patients are never main-
tained intentionally in hypoglycemia.

Both mean glucose and glucose variability were lower
during the intravenous insulin infusion period than at the
time of transition to subcutaneous insulin MDI. Although this
may be expected, given limitations of subcutaneous insulin
analogs and the need for titration over several days, it does
suggest an opportunity to improve during this period of
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transition from the ITP to MDI therapy. Because islet revas-
cularization is occurring and animal studies have demon-
strated f-cell apoptosis (under conditions of hyperglycemia)
still present at 30 days posttransplant, we believe BG control
in this time period remains important for islet engraftment
and f-cell survival.''~'* Emerging diabetes technologies, as
they become available, may benefit this population.

Severe hypoglycemic events (BG level <40mg/dL) were
an extremely rare occurrence overall, observed in only two
patients on intravenous insulin. In both cases (patients 2 and 8
in this series) precipitating events were noted: in one case,
feeds were held for a procedure; in the second, the insulin
infusion was not reduced per protocol for mild hypoglyce-
mia. Neither patient had sequelae as a result of severe hy-
poglycemia. It is notable that most patients experienced at
least one moderate hypoglycemic episode (BG <70 mg/dL)
related to the IIP, including 80% of patients in Era 2, a rate
comparable to or slightly higher than the 74% rate observed
in the NICE-SUGAR Study.?” Although such events were
easily treated and without evident long-term impact, this
emphasizes the critical importance of frequent BG sampling
within individual patients and the necessity of ongoing safety
assessments of the protocol in general as patient volume
increases.

A key aspect of development of an IIP policy is training of
nursing staff, residents, and physicians.'® As such, we ex-
pected that glycemic control with our IIP would improve with
time as nursing staff and physicians became more comfort-
able with the protocol and expertise with its use improves. In
comparing the initial 16 and latter 16 patients (Era 1 and Era,
respectively), we observed statistically significant improve-
ments in mean glucose and glucose variability, with fewer
hyperglycemic and hypoglycemic excursions in the more
recent era. Thus, in this highly specialized population of
children undergoing TPIAT, nursing and physician experi-
ence with insulin management after TPIAT may play arole in
the better glucose control observed in our analysis. As a large
referral center for this procedure, medical providers at our
institution have received extensive training and experience in
the postoperative management of these patients. Such spe-
cialized ITPs may be best restricted to tertiary referral centers
with sufficient patient volume to maintain physician and
nursing familiarity with the protocol.

There are several steps not displayed in the written IIP but
that are taken at our institution to ensure patient safety and
minimize variability. The patient population is homogeneous
in regard to postoperative management, particularly nutri-
tional management (administered as continuous enteral feeds
and sugar free oral feeds only while the patient is on the IIP).
As per standard care for patients on intravenous insulin in-
fusions, patients have a dedicated nurse in the pediatric ICU
to facilitate frequent glucose monitoring. In addition, we are
cautious to avoid unnecessary boluses of dextrose in medi-
cations, using instead a normal saline carrier when feasible.

Although this study is clearly promising in the ability to
achieve a high proportion of BG values in the target range
intended, this study is limited to a retrospective analysis of a
single IIP. Because there was no standard protocol for insulin
infusion in patients weighing <45kg prior to 2011 and
therefore insulin drips were individualized for each child, we
are not able to compare our current drip protocol with another
preexisting standard. Of note is that prior to 2011 most insulin
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drips were written with a glycemic target of 80—110 mg/dL,
consistent with the old standards for “‘tight” control in the
ICU setting, and thus the glycemic goals historically were
very similar to those targeted with this current protocol.
Following a hypoglycemic event, BG was remeasured after
30min; this may bias the data toward a lower mean BG
level but would also bias away from the target range (over-
represent BG levels <70 mg/dL). As most low BG values
corrected easily, this bias is likely small. Because of the rarity
of chronic pancreatitis in children, a relatively small number
of patients is included. Although we hypothesize that im-
provement in glucose control in the later era (the most recent
16 patients) is due to a learning curve, there are other factors
that could have influenced this, including small adjustments
to the infusion protocol with the first five patients and more
caution given by providers to eliminating antibiotics in
dextrose carriers.

In conclusion, we observed that tight glycemic control can
be safely achieved in children undergoing TP and islet au-
totransplant using an intravenous IIP specifically designed
for this population and that the ability to maintain BG levels
in target range improved with experience with the protocol.
Special consideration should be given to this population
and its unique set of risks, including postoperative diabetes
mellitus, when implementing insulin management protocols.
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