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Abstract

A variable rate intravenous insulin infusion (VRIII) is used
commonly to achieve normoglycaemia in hospital inpa-
tients. Most acute trusts in the UK have VRIII guidelines,
but there is wide variation in the indications for its use, in
rates of infusion, and in duration of use. This heterogene-
ity increases the risk of errors which can potentially lead
to significant morbidity and mortality and also hinders
study of the efficacy, optimisation and safety of VRIII.
Thus, VRIIl is often used when not indicated, for too long,
and with inappropriate transfer to other glucose lowering
medication. This article summarises the key recommenda-
tions in a recent guideline produced by the Joint British
Diabetes Societies for Inpatient Care on the use of VRIIl in
‘'medical’ inpatients. The guideline is designed to be a
practical guide to support the safe and effective use of
VRIII by any healthcare professional who manages ‘med-
ical’ inpatients with hyperglycaemia. Use of the guideline
will help to harmonise the use of VRIII, with added bene-
fits of facilitating collection of outcomes data from at mul-
tiple sites and allowing continual refinement in the
therapeutic use of VRIII.
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Rationale for the guideline
Most studies on the use of intravenous insulin infusions in hos-
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Abbreviations and acronyms

CBG capillary blood glucose

CSlI continuous subcutaneous insulin infusion

DKA diabetic ketoacidosis

HHS hyperosmolar hyperglycaemic state

ITU intensive therapy unit

JBDS-IP  Joint British Diabetes Societies for Inpatient Care
KCl potassium chloride

NaCl sodium chloride

TDD total daily insulin dose

TPN total parenteral nutrition

VRIII variable rate intravenous insulin infusion

pital have been in the critical care setting or in patients who have
undergone surgery. Limited data are available on the manage-
ment of ‘medical’ inpatients (e.g. those not undergoing surgery,
or those with DKA, HHS, or hyperglycaemia secondary to causes
such as steroid use or enteral feeding). Local and national audits
have shown that VRIIl (previously known as ‘sliding scale” insulin)
is frequently used in hospitals to manage hyperglycaemia, but
often when not indicated, for too long, and with inappropriately
managed subsequent transfer to other antidiabetic therapy.’
The new guideline summarised here? is, where possible,
concordant with existing guidance from JBDS—IP in these areas,
with recommendations based on extrapolation from other rele-
vant patient groups, relevant existing JBDS guidelines, the NHS
Diabetes e-learning module, ‘Safe use of intravenous insulin
infusion’,® and expert consensus. It is designed specifically for
treating acutely unwell patients, including those with a pre-
existing diagnosis of diabetes and those presenting with hyper-
glycaemia for the first time. The appendices in the main guide-
line can be used as standalone summary documents for
straightforward adaptation and use on the wards.

General principles

Using VRIIIl in hospitals

Existing guidelines (and not this one) should be used for patients
with DKA,* HHS (see the new JBDS—IP guideline®), stroke® and those
in the perioperative period.” Effective use of VRIIl will depend on
close monitoring and decision making by health care professionals,
until reliable closed-loop systems become available. Incorrect use
of VRIIl can result in hypoglycaemia, rebound hyperglycaemia, ex-
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cess length of stay and even DKA; a safe and effective step down
to other agents should occur as soon as possible.

Diabetes specialists

Refer all patients to local diabetes teams as soon as possible for
assessment of individual patients’ needs, to ensure that VRIII is
used safely and that plans are in place for glycaemic control
upon cessation of the VRIIl. We recommend that all healthcare
professionals complete the e-learning module on the use of
intravenous insulin,? or equivalent training.

Indications for VRIII in medical inpatients

Most acutely unwell medical patients can be managed without a
VRIIl, including patients who are eating and drinking normally (the
diabetes team may be able to adjust these patients’ insulin). A VRIII
is indicated for patients with diabetes or hospital-related hypergly-
caemia who are unable to take oral food/fluid and for whom adjust-
ment of their own insulin regime is not possible, where the patient
is vomiting, nil by mouth (and missing more than one meal) or
severely ill with the need to achieve good control (e.g. with sepsis).

Targets and threshold for starting a VRIII

Chapter 2 of the guideline provides an extensive review of the
available evidence in this area and includes discussion of gly-
caemic control in the settings of intensive or non-ITU care, or for
patients with major adverse cardiovascular events (myocardial
infarction or stroke). Guidelines from national and international
societies are also discussed.

The consensus view, based on limited evidence, recommends
initiation of VRIII if CBG is >10.0 mmol/L. Target blood glucose
levels have not been established in trials but there is a consensus
for a range between 6.0-10.0 mmol/L, which should avoid risks
associated with hyperglycaemia and hypoglycaemia. However,
a range of 4.0-12.0 mmol/L is sometimes acceptable.

Safe use of a VRIII

In general, basal insulin should be continued, as this may help
control blood glucose during the use of the VRIII and avoid
rebound hyperglycaemia; all other diabetes medications should
be discontinued during VRIIIl. Review the VRIIl frequently to
ensure target glucose levels are achieved, addressing hypogly-
caemia promptly and adequately (according to the appropriate
JBDS guidelines; restart VRIII within 20 min of treating a hypo-
glycaemic episode to prevent rebound hyperglycaemia and
possible ketosis). Contact the diabetes team for advice if there
is doubt about how to manage hyperglycaemia, or if the blood
glucose is not responding to treatment.

Monitoring during the VRIIl should include hourly CBG meas-
urements and regular review of insulin infusion rates to achieve
glucose levels within the target range. Each day should include
review of the continued need for VRIII, the clinical status of the
patient (including fluid balance) and urea and electrolyte levels
(with appropriate actions taken).

Suggested insulin infusion rates

Three rates are recommended depending on patients’ likely in-
sulin sensitivity or previous total daily dose of insulin (Table 1).
Patients may move between scales depending on their response
to treatment. For patients persistently out of range, first ensure
proper functioning of the cannula and infusion equipment, and
that the substrate infusion is running at the correct rate.

Then, if CBG remains >12 mmol/L and is not falling on at
least two consecutive measurements, the insulin infusion rate
can be increased to the next scale (if the patient is already on an
increased scale, employ a customised infusion and seek imme-
diate advice from the diabetes team). Conversely, CBG 4-6
mmol/L (on at least two consecutive measurements) may be too
low for some patients (e.g. after a stroke or acute coronary syn-
drome). Options here are to decrease the insulin infusion rate

Table 1 Suggested scales for insulin infusion rates during a variable rate intravenous insulin infusion (VRIII)

Glucose mmol/L

Insulin rates (mL/h)

Start on standard rate unless otherwise indicated

Reduced rate
(for use in insulin sensitive
patients, e.g. <24 units/day)

Increased rate
(for insulin resistant patients,
e.g. >100 units per day)

Standard rate
(first choice in most
patients)

N.B. if a patient is on basal subcutaneous insulin — continue this alongside the VRIII

<4.0 0*
4.1-8.0 0.5
8.1-12.0 1
12.1-16.0 2
16.1-20.0 3
20.1-24.0 4
>24.1 6

0* 0*
1 2
2 4
4 6
5 7
6 8
8 10

See text and the full guideline for recommendations on the use of customised scales, where necessary, for defined groups of patients.
*Treat Hypoglycaemia and once CBG is >4.0 mmol/L restart intravenous insulin within 20 minutes. The half life of intravenous insulin is very short (7-8 minutes) and

restarting the VRIIl promptly minimises the risk of ketosis.
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Table 2. Blood ketone results and actions to be taken

Blood ketones (mmol/L) Action

<0.6 Normal.

0.6-1.4 Check ketones in 2 h.

Risk of DKA

e Review patient management,
consider reasons for high ketones,
e.g. missed insulin dose, inadequate
insulin dose and address these.

1.5-2.9

e (Call the diabetes team if in any
doubt.

e Check ketones in 1 hr and take
action depending on the result.

>3.0 Check venous bicarbonate or venous
pH, change to DKA guidelines if
required, and inform the diabetes team.

or, if this has been done, to increase the substrate to 10% glu-
cose or to prescribe a customised insulin infusion rate and
promptly seek advice from the diabetes team (including to
ensure that a VRIIl is needed).

Interpreting blood ketones during a VRIII

Measure capillary blood ketones in patients with type 1 diabetes
who are unwell or who develop persistent hyperglycaemia whilst
in hospital (two readings >12 mmol/L at least one hour apart)
and in patients with type 2 diabetes who are acutely unwell (see
Table 2). Urinary ketones may be used where blood ketone test-
ing is unavailable; check venous blood bicarbonate and pH if
urine ketones are >2+. If venous bicarbonate is <15 mmol/L
and/or venous pH is <7.3, the patient has DKA and should be
managed according to the appropriate guideline.

Management of intravenous fluids during VRIII
Recommendations made are in line with the JBDS guideline
‘Management of adults with diabetes undergoing surgery and
elective procedures’.” Monitor electrolytes daily and use fluids
containing sodium if VRIIl is used for >24 h to avoid hypona-
traemia.

We recommend the use of a balanced electrolyte solution
containing 0.45% NaCl with 5% glucose and 0.15% KCI (20
mmol/L) or 0.3% KCI (40 mmol/L), depending on potassium
requirement, at 125 ml/h in euvolaemic patients. However, as
these fluids are not widely available, acceptable alternatives are:
e 5% glucose with 20 mmol/L or 40 mmol/L KCl or
e 0.18% NaCl with 4% glucose with 0.15% KCI (20 mmol/L)

or 0.3% KCI (40 mmol/L)

Patients who are vomiting, pyrexial or dehydrated will need
additional fluid, usually 0.9% NaCl, run alongside the fluid used
as the glucose substrate. Consider using 10% glucose for
patients with heart failure or severe renal or hepatic impairment
to minimise risk of fluid overload.
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Box 1. Calculating initial total insulin dosage (TDD) when
starting an insulin regime in an insulin naive patient
or when returning an adult patient to usual insulin

regime if control was previously suboptimal

Weight-based calculation:
e Frail elderly patients, CKD stage 4 or 5, new type 1 diabetes:
TDD = 0.3 x body weight (kg)

e All others:
TDD = 0.5 x body weight (kg)

Estimated from the last 6 hours of the variable-rate i.v. insulin
infusion (VRIII):

e Divide the total dose of insulin administered in last 6 h of the VRIII
by 6 to calculate average hourly dose of insulin.

e Multiply this by 202 to estimate the patient’s TDD (a further
correction may be needed in some patients, depending on
individual insulin sensitivity, previous degree of glycaemic control
and severity of intercurrent illness).

aNot by 24, to reduce the risk of hypoglycaemia. CKD: chronic kidney disease

Safe transfer to usual diabetes medication

Return to usual antidiabetic therapy will only be appropriate
when CBG targets on VRIIl have been achieved and the patient
has recovered from the precipitating illness/condition and is eat-
ing and drinking reliably. Background insulin should have been
continued, but if not, or if the patient is insulin-naive, back-
ground insulin (mixed insulin or within a basal bolus regime)
MUST be given prior to stopping the VRIIl. The VRIII should only
be discontinued 30 minutes after subcutaneous insulin has been
given, ideally be at meal time, after administration of short-
acting or mixed insulin (see below for details of how to identify
an appropriate initial dosage of insulin). Avoid stopping VRIIl at
bedtime where there is less observation by staff. If CBG rises
after the VRIIl is discontinued, contact the diabetes team —
do not restart the infusion. For non-insulin treated diabetes
patients, give the usual treatment prior to discontinuing VRIII
and seek advice from the diabetes team if control prior to ad-
mission was suboptimal.

Patients new to insulin need education and support in dia-
betes self-management and must be confident in self-injecting
prior to discharge. Continued support must be available from
appropriately-trained professionals. For adjusting an existing
insulin regimen to address sub-optimal glycaemic control, use of
a weight-based calculation or a dose based on insulin require-
ments during the stable phase of the VRIIl are equally appropri-
ate (see Box 1). Calculate the TDD using either method and use
this to convert the patient to either a twice daily premix regimen
(usually 60%/40% of daily insulin given with breakfast/evening
meal) or basal bolus regimen (usually 50% of daily insulin as
basal, with the remainder as prandial insulin in equivalent doses
after breakfast, lunch and evening meal).

Review the response to the new insulin regimen before
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e Variability between UK centres in indications for the
use of variable rate intravenous insulin infusions (VRIII),
with frequent inappropriate initiation or withdrawal of
this intervention, increases the risk of significant
additional morbidity and mortality in inpatients with
diabetes

e The Joint British Diabetes Societies for Inpatient Care
have produced a new guideline for the use of VRII

e The new guideline, summarised here, is based on
clinical evidence (where available), extrapolation from
other relevant JBDS guidelines, and expert consensus

e |tisintended to support the practice of any healthcare
professional caring for medical inpatients with diabetes

e Harmonising the use of VRIIl will facilitate both the
collection data on clinical outcomes in these patients
and the future refinement of this technique

discharge, checking CBG one hour after discontinuing VRIII, at
least four-hourly for the first 24 h after VRIIl has been discontin-
ued, and 2-4 times daily for all inpatients on subcutaneous
insulin. Blood glucose 6—-10 mmol/L is usually appropriate, with
4-12 mmol/L appropriate for some with significant comorbidities.
All patients/carers must be confident in using the insulin delivery
device prior to resuming self-management.

Special circumstances
Recommendations are also provided for the use of a VRIIl in
special circumstances such as during the use of TPN or CSII.

Conclusions

The JBDS—IP writing group has produced a document designed
to guide non-specialists in the safe use of VRIII, for use in acutely
unwell medical inpatients. It has been designed so that trusts
can adapt it for use locally and we would welcome feedback to
the authors to inform future revisions.
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