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Management of Parenteral Nutrition Associated Hyperglycaemia: A
Comparison of Subcutaneous and Intravenous Insulin Regimen

Abstract:

K Neff, D Donegan, J MacMahon, C O Hanlon, N Keane, A Agha, C Thonpson, D Smith
Departnent of Endocrinol ogy, Beaunont Hospital, Dublin 9

Abstract

PN is associated with significant hyperglycaenia, which nay be detrimental to clinical outcome. There are few data on
the managenment of this phenomenon outside of intensive care units. In our unit, we studied the efficacy of
prot ocol -based intravenous insulin delivery as conpared to subcutaneous insulin prescribed individually outside of the
critical care setting. In a retrospective review over a two-year period, we conpared patients with PN associ ated
hyper gl ycaem a who had recei ved both npdes of insulin therapy. A total of 122 who devel oped PN associ ated
hyper gl ycaem a were identified. Those on the intravenous insulin reginmen were within glycaenmic target for nore tinme
than those on the subcutaneous regi men (62% Vs 43% p=0.008). We therefore conclude that outside of the critical care
setting, intravenous insulin delivers better glycaemc control and should therefore be considered opti mumtherapy for
patients with PN associ ated hypergl ycaemn a

I ntroduction

Parenteral nutrition (PN) is used in a wide variety of clinical scenarios, and it is yidely accepted that adequate
nutritional support is an essential part of successful recovery fromgritical illness™". However, PN has been
associated wi th hyperglycaenia in patients with and without diabetes” ". Up to 88%of PN recipients devel op
hyperglycaemia ". This effect is particularly evident in patients with acute pancreatitis, where the addition of PN
al nost doubles the rate of hyperglycaenia. Hyperglycaenia is associated with poor, pytcones in the context of critica
illness and PN use with higher infection rates, higher nortality and renal injury” . PNjassoci ated hypergl ycaen a
also correlates with increased rates of cardiovascular conplications and systenic sepsis ' . Hyperglycaenm a therefore,
results in greater lengths of stay in intensive care units (1 CUs), and greater lengths of stay in hospital generally

Qutside of the critical care sefting, prospective data in humans confirmthat there is an increased risk of nortality
associated with hyperglycaenia™. This risk is five-fold greater in PN recipients who devel op hyperglycaenig at a serum
gl ucose | evel of 10mmol/1 or higher, when conpared to those with a serum glucose level less than 7.8mmpl /| ". However,
there are few data on the effects of insulin treatment on reducing this risk. In particular there is a dearth of data
to inform heal thcare providers on which nodality of insulin therapy can offer the best outcones. Studies using rat
model s of sepsis have showp, survival in PN-associated hyperglycaenia is inproved when intravenous insulin is used to
correct the hyperglycaemia ™. There have been human studies in specific cohorts, such as patients post-gastrectony for
gastric cancer, which have reported i nmproved outcomes with intensive glycaenic control .

However, this has not been well replicated in the non-critically ill patient.

Current guidelines reconmend naintaining blood gl ucose concentrati ons between 7.8 and 10nmol /| when on prﬂﬁ Insulin
therapy can be nost effectively delivered when a specific protocol is utilised to guide health pyoviders™ . However
mej or gui delines do not offer clear recommendations on how to deliver insulin therapy with PN"""". Intravegous insulin
and regul ar subcutaneous insulin can be used to deliver glycaenic targets in PN associated hyperglycaenm a . Further
data are needed to determine best practice, and to indicate whether intravenous or subcutaneous insulin therapy is nore
effective in the managenent of PN associated hyperglycaenia outside of the critical care setting

Met hods

We conducted a retrospective review of patients admitted to our centre who received PN. The data was coll ected over a
two-year period up to January 2010. In April 2009, a protocol was introduced whereby it was recomended that patients
who devel oped PN-associ ated hyperglycaem a, as defined by a recorded capillary blood glucose |evels of greater than
10mmol /1 on two or nobre consecutive occasions, comence intravenous insulin while on PN. An algorithm for dose

adj ust ment according to the blood glucose I evel was devised (Table 1).

Prior to this, patients were treated with subcutaneous insulin on individually prescribed supplenental scales. In this
regi men, the doses of insulin prescribed subcutaneously were not standardi sed and varied frompatient to patient. W
conpared those who had recei ved the subcutaneous insulin reginens with the intravenous insulin protocol. Patients were
identified froma detail ed hospital -based clinical register of those receiving PN over the two-year period. This
register is maintained by the parenteral nutrition clinical nurse manager and the Department of Nutrition and
Dietetics. Fromthese records, nedical and surgical patients who were comenced on insulin therapy for hyperglycaenia
during PN outside of the critical care setting were i1dentified. The ICU and critical care patients were excluded, as
the focus of our study was the efficacy of the two insulin nodalities in non-critically ill patients. This study was
conpl eted in accordance with Beaunont Hospital ethical guidelines. Those on the intravenous protocol had dose
titrations under nurse supervision in accordance with the protocol (Table 1). Those on subcutaneous insulin had a

m xture of rapid acting insulin anal ogues and basal insulin, which was prescribed by the primary nmedical or surgica
team often in consultation with the di abetes care team

An anonymi sed study database was constructed. dinical paraneters including gender, age, body mass index (BM),

adm ssion diagnosis, indication for PN, and steroid use were recorded. The length of time PN was used, patient |ength
of stay and patient outconmes were also recorded in the study database. Patients who had a di agnosis of diabetes before
admi ssion to the hospital had additional neasurenents including HboAlc | evels. Duration of diabetes and the

i ndi vidual s pre-adm ssion glycaenmic therapy were also recorded. Blood gl ucose |evels were tested using point of care
testing four tines a day while on PN. Al patients had glycaenic profiles recorded with reference to the rate of

hypogl ycaem a (defined as a bl ood glucose |less than 4.0mmol /1), time spent in glycaenic target (defined as a capillary
bl ood gl ucose reading between 4.0 and 10.0mmol /| inclusively), time spent in hyperglycaenia (defined as a bl ood gl ucose
of greater than 10mml /1), and mean daily capillary blood glucose |evels. Descriptive statistics were used and we
conpared the subcutaneous insulin group with the intravenous insulin group using Student s t-test and Mann-Witney U
tests for paranetric and non-paranetric data respectively. Regression analysis was used in the cohort as a whole to
eval uate for associations between use of each insulin treatment paradi gmand gl ycaem ¢ and clinical outcones
Statistical significance was assumed at p<0.05. Al statistics were conpleted on the R software (Version 2.11.1).

Results

We identified 555 patients who received PN in the study period. O these 122 received PN outside of the critical care
setting and had recorded capillary blood glucose readings of greater than 10nmol /|l on two or nore readings. Many of
those treated with subcutaneous insulin did not have a conplete glycaemc record with clear insulin doses given the ad
hoc nature of this reginmen. Therefore, these data could not be included in our analysis. This resulted in a final group
of 53 patients who had conplete records. O this analysed group of 53 patients, 32 (60% were treated with intravenous
insulin as per protocol

On conparing the intravenous insulin group to the subcutaneous insulin group, there were no statistically significant
differences in age or BM (Table 2). However, there were differences in glycaenic outcones (Table 3). The group treated
with intravenous insulin had a significantly |lower daily mean capillary blood glucose level (9.6 — 2. 1mmmol /| Vs 11.2 -
2.6mmol /1, p=0.009), and spent a greater proportion of time in glycaemc target (62% Vs 43% p=0.008). There was no
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significant difference in hypoglycaema rates (1% Vs 2% p=0.14). On regression analysis, intravenous insulin was
associated with a greater tine spent in glycaenic target (p=0.02) and a | ower nmean bl ood gl ucose |evel (p=0.03). There
was no association with other glycaenmic variables. The use of intravenous insulin was not associated with

hypogl ycaeni a.

Length of hospital stay (61 — 49 days Vs 43 — 35 days, p=0.08) and survival to discharge (77% Vs 67% p=0.2) were
conpar abl e between groups. O the total cohort, 73%survived to discharge. Male gender was positively associated with
survival to discharge (p=0.003). Men conprised 73% of survivors, and only 20% of those who died in hospital. Length of
stay was significantly associated with duration of PN (p<0.001). Intravenous insulin use was not associated with length
of stay. Pre-admi ssion diabetes requiring insulin therapy was significantly associated with a |longer length of stay on
| ogistic regression analysis (p=0.04). Pre-existing diabetes was not associated with nortality.

Di scussi on

This study denpnstrates that use of a standardised intravenous insulin infusion protocol in the treatnment of

PN-associ ated hyperglycaem a results in inproved gl ycaem c outcones outside of the critical care setting. The nean
capillary blood glucose |levels were |lower, and users of intravenous insulin therapy spent nore time in glycaenic target
as compared to those prescribed subcutaneous insulin on an individual basis w thout an increased rate of hypogl ycaem a
These data are in agreement with previous stydies that report inproved outcomes with prescribed protocols as conpared
to an ad hoc insulin prescription strategy '~ . Qur data shows that an intravenous insulin protocol is superior to
subcut aneous insulin delivered on an individual basis, and outside of a prescribed protocol, in PN associated
hyper gl ycaem a outside of the critical care setting. Qur data is retrospective and has limtations, including the |ack
of random zation. This may have introduced sel ection bias. The absence of a control group or a parallel design also
weakens the conclusion, as it cannot take into account extraneous factors such as infectious outbreaks that could have
af fected outcomes, including length of stay. However, given the current evidence, testing ad hoc subcutaneous insulin
admi nistration and a prescribed intravenous insulin protocol in PN associated hyperglycaema in a prospective study may
not be ethically acceptable

Conpl ete prescription records were not always available in the subcutaneous insulin group, resulting in over half of
the initial group being excluded fromthe data. Unfortunately, the ad hoc insulin prescribing in that group, and the
absence of formal prescription protocols to facilitate conplete prescription recording and insulin delivery, mean that
reliable data were not available for conparison. This is a weakness of our study. However, this illustrates another
strength of the prescribed intravenous insulin protocol, as it offers a clear record of the insulin prescribed and
given, and is likely to reduce drug prescribing and adninistering error

Qur data in the subgutaneous group are conparable to several clinical scenarios still enploying ad hoc subcutaneous
insulin prescribing ™ . Frequent glycaeni c assessment and insulin dose adjustnent are vital in any inpatient insulin
protocol as patients are often experiencing acute physiological stresses which can lead to rapid fluctuations in
glycaem a. Intravenous insulin offers the flexibility to address this problemgiven the rapid onset of action and

cl earance. Qur findings support the use of intravenous insulin protocols in the nmanagenent of PN

associ at ed- hyper gl ycaeni a. This can deliver significant inprovements in glycaenmic control in the non-critical inpatient
setting.
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