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1 | WHAT'S NEW?

• Further consideration of different types of diabetes

• Increasing availability of insulin pumps

• Increasing use of glucose monitoring

• Increasing availability of new medications

2 | EXECUTIVE SUMMARY AND
RECOMMENDATIONS

2.1 | Glycemic and metabolic goals for surgery

• To maintain blood glucose in a range of 5 to 10 mmol/L

(90-180 mg/dL) [C].

• To avoid hypoglycemia [E].

• To prevent the development of keto-acidosis [E].

2.2 | Assessment of children and adolescents prior
to surgery and/or anesthesia

• All children with diabetes should have a diabetes assessment prior

to all types of surgery or anesthesia [E].

• Prior to elective surgery, children and adolescents with diabetes

should ideally be formally assessed several days beforehand: to

allow for a thorough assessment of glycemic control, electrolyte

status, ketones (urine/ blood), and a formal plan for diabetes man-

agement made for surgery and/or anesthesia [E].

• If glycemic control is known to be poor and surgery cannot be

delayed reasonably, consider admission to hospital before surgery

for acute stabilization of glycemic control [C].

2.3 | Preoperative care for children with type 1 or
type 2 diabetes treated with insulin

• Must be admitted to hospital if receiving general anesthesia [E].

• Scheduled as a first case of the day or the surgical list [E].

• Require intravenous (IV) site for use pre- or intraoperatively to

treat hypoglycaemia [E].

• Require specific adjustment of insulin regimen considered accord-

ing to major or minor surgery and glycemic control.

Abbreviations: BOHB, ß-hydroxybutyrate; CSII, continuous subcutaneous insu-

lin infusion; GA, general anesthetic; ICU, intensive care unit; IV, intravenous;

T1D, type 1 diabetes; T2D, type 2 diabetes
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• Require insulin (albeit titrated/reduced), even if fasting, to avoid

ketoacidosis [A].

• Require blood glucose testing at least hourly preoperatively to

detect and prevent hypo- and hyper-glycaemia [E].

• Should have urine or blood ketone measurement if hyperglycae-

mia >14 mmol/L (250 mg/dL) is present [E].

• Can continue continuous subcutaneous insulin infusion (CSII)

therapy, without any adverse effect on their blood sugar control

or surgery/anesthesia, in certain cases of minor elective sur-

gery [E].

2.4 | Intraoperative care

• Blood glucose should be monitored at least hourly during and in

the immediate postoperative recovery phase [E].

• IV infusion with dextrose (5% dextrose/0.9% sodium chloride)

during any major surgery and for patients treated with neutral

protamin hagendorn (NPH) insulin [E].

• Consider an IV infusion initially without dextrose during minor

surgery or procedures lasting for less than 2 hours if treated with

basal/bolus insulin regimen or CSII [C].

• Adjust dextrose infusion and insulin accordingly to maintain blood

glucose in the range 5 to 10 mmol/L (90-180 mg/dL) [C].

• If there is an unexpected acute hypotension, 0.9% sodium chlo-

ride must be infused rapidly, however, avoid potassium-

containing fluids [E].

2.5 | Postoperative care

• Once the child is able to resume oral nutrition, resume the child's

usual diabetes regimen [E].

• Give short- or rapid-acting insulin (based on the child's usual insu-

lin: carbohydrate ratio and correction factor) [E].

• Note that insulin requirement may be increased after surgery due

to stress, pain and inactivity, therefore more frequent blood glu-

cose measurements are recommended for 24 to 48 hours follow-

ing surgery [E].

3 | SPECIAL SITUATIONS

3.1 | Acute or emergency surgery [E]

• If ketoacidosis is present (pH <7.3 and/or bicarbonate <15 mmol/

L), follow an established treatment protocol for diabetic ketoaci-

dosis (DKA) and delay surgery (if possible) until acidosis, circulat-

ing volume and electrolyte deficits are stable or sufficiently

corrected.

• DKA may mimic an acute abdomen, so correction of DKA and

reassessment is prudent.

• If not in DKA, start IV fluids and insulin management as for elec-

tive surgery.

• During emergency major surgery in an acutely unwell child, CSII

therapy should be discontinued.1

3.2 | Type 2 diabetes patients on oral medication
alone

• Discontinue metformin 24 hours before major surgery (lasting

at least 2 hours) and on the day of surgery for minor

surgery [C].

• Discontinue sulfonylureas, thiazolidinedione, DPP-IV inhibitors,

SGLT-2 inhibitors, and GLP-1 analogs on the day of surgery [E].

• Patients undergoing a major surgical procedure expected to last

at least 2 hours should be monitored with hourly glucose tests

and adjustment of dextrose infusion or insulin accordingly to

maintain blood glucose in the range 5 to 10 mmol/L (90-180 mg/

dL) [E].

• Restart medications once fully orally feeding other than metfor-

min which should be withheld for 48 hours after surgery and until

normal renal function has been confirmed.

3.3 | General recommendations and considerations

Whenever possible, surgery on children and adolescents with diabetes

should be performed in centers with appropriate personnel and facili-

ties to care for children with diabetes [E].

To ensure the highest level of safety, careful liaison is required

between surgical, anesthesia and children's diabetes care teams

before admission to hospital for elective surgery and as soon as possi-

ble after admission for emergency surgery [E].

Centers performing surgical procedures on children with diabetes

should have written protocols for postoperative management of dia-

betes on the wards where children are admitted [E]. Individual hospi-

tals need to formalize guidance on the management of patients

receiving CSII therapy, to allow patients the choice to continue their

therapy during surgery, as appropriate [E].

Based on current data, consider use of intermittent glucose moni-

toring and/or continuous glucose monitoring (CGM) systems peri-

operatively with caution, preferably under prospective follow-up

research protocols only and with additional blood glucose

assessments [E].

3.4 | Minor surgery/procedures [E]

In general, minor surgery or procedures are short, usually less than

2 hours (and often less than 30 minutes), with/without sedation or

anesthesia, where rapid recovery is anticipated, and the child is

expected to be able to eat by the next meal (within 2-4 hours). For

example: endoscopic biopsies, magnetic resonance imaging (MRI)

scanning or insertion of grommets.

• Can be managed with background basal insulin (glargine or

reduced NPH insulin).

• IV to be sited.

• May be suitable to continue with CSII basal insulin or tempo-

rary basal reduction.

• Can leave CSII attached to patient as long as not in surgical

field or diathermy plane (especially with metal cannula).
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3.5 | Major surgery [E]

In general includes all surgery or investigations under anesthesia that

is more than minor, generally >2 hours, have a high likelihood of post-

operative nausea, vomiting, or inability to feed adequately

postoperatively.

• Should receive an IV infusion with dextrose.

• Require blood glucose (BG) monitoring before, hourly during, and

after the procedure to detect hypo- and hyperglycemia.

• Must coordinate the timing of preoperative food and fluid restric-

tions with anesthetist.

• Require specific adjustment of their insulin schedule.

• Require IV insulin infusion.

4 | INTRODUCTION

The management of diabetes in children now includes a wide array of

insulin analogs, insulin delivery devices, insulin regimens, different

types of insulin pumps, continuous and intermittent glucose monitor-

ing. Safe management of the child with diabetes in the perioperative

period requires not only an understanding of the pathophysiology of

the condition requiring surgery but also a thoughtful consideration of

each child's specific diabetes treatment regimen, glycemic control,

anticipated postoperative course, and the nature of the environment

into which they will be discharged. Therefore, it is essential that the

surgeon and anesthetist (in particular) liaise with the child's diabetes

team prior to any planned and especially any acute major surgery.

Evidence-based controlled studies of perioperative care specifically

for children with diabetes are generally lacking.

The current, revised guidelines are based on the 2009 and 2014

ISPAD Consensus Guidelines.2,3 They are also informed by The

National Evidence-Based Clinical Care Guidelines for type 1 diabetes

for children, adolescents and adults from the Australasian Pediatric

Endocrine Group and Australian Diabetes Society,4 the Canadian Dia-

betes Association: Clinical Practice Guidelines for the Prevention and

Management of Diabetes in Canada,5 and the Association of Chil-

dren's Diabetes Clinicians Care of Children under 18 years with Dia-

betes Mellitus Undergoing Surgery,6 Association of Children's

Diabetes Clinicians (ACDC).7

They include recommendations from a comprehensive review of

perioperative management for children with diabetes published in

the anesthesiology literature.8 Because there are few relevant scien-

tific papers on management of children during surgery, the recom-

mendations are mostly based on expert opinion, according to the

available pediatric studies and relevant adult literature. Where

appropriate, guidelines for perioperative managements of adults

with diabetes are considered and used to inform these

recommendations.

5 | PERIOPERATIVE GLYCEMIC GOALS

The stress of surgery leads to a complex neuroendocrine stress

response characterized by hyperglycemia and a catabolic state, and

may thus affect glucose homeostasis in both populations with and

without diabetes. In adult patients undergoing cardiac surgery,

repeated postoperative hyperglycemia was associated with increased

rates of infectious complications (12.1% vs 8.2%), stroke (4.9% vs

1.5%), and mortality (6.1% vs 2.1%), despite use of a tight blood glu-

cose control protocol [B].9 While there are no published data on

impact of poor vs good glycemic control of diabetes in surgical out-

comes in children, studies in adults suggest that there is an increase in

postoperative complications. Hyperglycemia among poorly controlled

individuals with diabetes has also been associated with an increased

risk of postoperative infection.10 Large studies of adults with type

2 diabetes had an approximately 10-fold increased risk of postopera-

tive wound infections.11 Furthermore, a retrospective report

[C] comparing patients with and without diabetes mellitus undergoing

similar surgery, demonstrated that preoperative hyperglycemia was an

independent predictor of infectious complications and length of hos-

pital stay.12 A meta-analysis including comprehensive integration and

analysis of eight studies revealed a significant correlation between

higher preoperative HbA1c levels and risk of target vessel revasculari-

zation progression (odds ratio [OR] 1.36, 95% confidence interval

[CI] 1.03-1.82) and non-fatal myocardial infarction after Percutaneous

Coronary Intervention (OR 2.47, 95% CI 1.38-4.44). However, no sig-

nificant association was found between HbA1c levels and major

adverse cardiovascular events, all-cause mortality, or cardiac

death [B].13

Since the adult literature shows that outcomes are affected by

the state of patients with diabetes before undergoing surgery, these

studies allow us to make the following recommendation: to improve

an elective (non-urgent) major surgery outcome, consider admission

to hospital prior to elective surgery for assessment, and stabilization if

glycemic control is poor [C]. As a rule, insulin dosage may need to be

adjusted significantly at/or around major surgery and for several days

after surgery.14

Only a few reports regarding the appropriate glycemic targets

during the perioperative period are available in the pediatric age group

with or without diabetes. There are currently sufficient data in the

adult non-diabetes population, but few RCT's in the pediatric popula-

tion to give recommendations, so this topic is still relatively

controversial.

Initial evidence among adult critically ill patients showed ben-

efits of intensive insulin therapy and tight glycemic control,

based on a one center experience [B].15 However, subsequent

data are not consistent and even suggest harm of tight glycemic

control in adult populations [A, B].16 Furthermore, a large multi-

center randomized international trial showed that a glycemic tar-

get of 8 to 10 mmol/L compared with intensive insulin treatment

of 4.4 to 7 mmol/L was associated with decreased 90-day mor-

tality [A].17 A Cochrane database systematic review found insuf-

ficient evidence to support strict glycemic control vs

conventional management for the prevention of surgical site

infections.18
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6 | IS THIS TARGET OF 5 TO 10 MMOL/L
(90-180 MG/DL) APPROPRIATE IN PATIENTS
WITH DIABETES MELLITUS UNDERGOING
SURGERY?

Some studies in adults suggest that perioperative hyperglycaemia is

an independent risk factor for postoperative mortality and morbid-

ity.19,20 Maintaining the blood glucose level after surgery at

<11.1 mmol/L significantly reduced the incidence of deep wound

infection in adults with diabetes undergoing coronary artery

bypass.21,22 However, tighter glucose control may carry a greater risk

of both absolute and relative hypoglycemia in these patients.23 Such

hypoglycemia may also be particularly dangerous as patients may

experience both unawareness and autonomic instability, especially

with recent hypoglycemia.24,25 A Cochrane database review on the

topic of perioperative glycemic control for individuals with diabetes

undergoing surgery did not demonstrate significant differences for

most of the outcomes when targeting intensive perioperative glyce-

mic control compared with conventional glycemic control.

However, intensive glycemic control was associated with an

increased number of patients experiencing hypoglycemic episodes.22

Therefore, Intensive glycemic control protocols with near-normal

blood glucose targets for patients with diabetes mellitus undergoing

surgical procedures are currently not supported by an adequate scien-

tific basis. A prospective one center interventional study explored

more liberal blood glucose management in critically ill patients with

diabetes, allowing a range of 10 to 14 mmol/L (180-250 mg/dL) in

comparison with the conventional protocol of 8 to 10 mmol/L

(150-180 mg/dL) among 80 intensive care unit (ICU) adult in-patients

with diabetes [C].26 The liberal protocol resulted in a significantly

lower number of patients experiencing >30% decrease in glucose

compared with their premorbid glycemic average, without significantly

increasing the incidence of glucose ≥14 mmol/L (250 mg/dL).

Pediatric reports in individuals without diabetes include older ret-

rospective studies which have consistently shown an association

between both hyperglycemia and hypoglycemia and poor outcomes in

the pediatric critical care setting [C],27–30 and more recent RCTs with

more specific glucose ranges among critically ill children, including

post cardiac surgery (tight control was 4.4 to 6.1 mmol/L/80-110 mg/

dL) and post burns [A,B].31–3435–37

A single center report [A] showed shorter length of hospital stay,

and decreased mortality in pediatric patients randomized to targeting

age-adjusted normo-glycemia; however, the rate of severe hypoglyce-

mia (<2.3 mmol/L/<40 mg/dL) was 25%.34 A multicenter trial [A] dem-

onstrated tight glycemic control that did not have a significant effect

on major clinical outcomes, but was associated with a higher rate of

hypoglycemia than conventional glucose control.35 Systematic

reviews and meta-analysis [B] have shown that, while acquired infec-

tion was reduced, there was no decrease in 30-day mortality and a

higher incidence of hypoglycemia was observed.33,38 A multicenter

randomized controlled trial (RCT) [A] using CGM in pediatric critically

ill patients was stopped prior to enrolment completion due to lack of

benefit and evidence of harm in low target arm (4.4-6.1 mmol/

L/80-110 mg/dL, median 109) compared with the higher target arm

(8-10 mmol/L/150-180 mg/dL). No significant differences were

observed in mortality, severity of organ dysfunction, or the number of

ventilator-free days, while patients in the lower-target group had

higher rates of health care-associated infections and higher rates of

severe hypoglycemia.39

The American College of Physicians developed guidelines for gly-

cemic control in hospitalized adult patients with or without diabetes.

Their Best Practice Advice includes target blood glucose level of 7.8

to 11.1 mmol/L (140-200 mg/dL), and avoiding targets less than

7.8 mmol/L (<140 mg/dL).40 The American Association of Clinical

Endocrinologists and American Diabetes Association recommends

that an insulin infusion should be used to control hyperglycemia in the

ICU setting, with a starting glycemic threshold of no higher than

10 mmol/L (180 mg/dL).41 Once intravenous (IV) insulin therapy has

been initiated, blood glucose should be maintained between ~8 and

10 mmol/L (140 and 180 mg/dL).

Our recommendation for glucose target in the pediatric diabetes

population is similar. Although appropriate perioperative glycemic tar-

gets for minor surgical procedures are less clear, studies in adults that

compared different methods of achieving glycemic control during

minor and moderate surgery did not demonstrate any adverse effects

of maintaining perioperative glycemic levels between 5 and

11 mmol/L (�90-200 mg/dL).42,43

Therefore, based on the available data, it seems reasonable to aim

for blood glucose in the range 5 to 10 mmol/L (90-180 mg/dL) during

all surgical procedures in children, followed by a treatment target of

7.8 to 10 mmol/L (140-180 mg/dL) in the postsurgery ICU setting [C].

7 | IS THERE A ROLE FOR SUBCUTANEOUS
GLUCOSE MONITORING DURING THE
PERIOPERATIVE PERIOD?

The most frequently used methods for perioperative blood glucose mon-

itoring are repeated venous, arterial line, or capillary blood glucose

assessments, which may miss inter-measurement variability. We may

overcome the challenge of glucose variability and hypoglycemia in the

perioperative setting by the use of subcutaneous glucose monitoring

such as CGM and intermittent glucose monitoring. Given the benefits of

maintaining euglycemia during surgery, CGM provides a potential option

of intensively monitoring glucose before, during and after surgery.

However, evidence for the accuracy, readability and effect on glu-

cose control and prognosis using CGM in operative setting is still lack-

ing. The overall accuracy and reliability of CGM systems during and

postsurgery may be inaccurate (Pearson correlation coefficient

between CGM and conventional glucose monitoring methods ranges

from 0.69 to 0.92). A single center study of a small cohort using CGM

with and without diabetes undergoing cardiac surgery demonstrated

limited reliability due to incorrect hypoglycemic readings in the post-

operative period [C].44 A small study of children without diabetes

undergoing cardiac surgery showed high measurement failure rate in

the operating theater which was thought to be due to interference

with electrical equipment (correlated in time to use of electrocautery

by the operating surgeon), though not affected by hypoglycemia, ino-

trope use or edema [C].45
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Another option is the use of intermittent glucose monitoring sys-

tem, the subcutaneous FreeStyle Libre blood glucose measurement

system. Intermittent glucose monitoring was shown to have similar

overall mean absolute relative difference as CGM systems in at-home

conditions among type 1 diabetes mellitus patients [C].46 Intermittent

glucose monitoring system was assessed among eight adult critically ill

patients with diabetes and showed high test-retest reliability and

acceptable accuracy when compared with arterial blood glucose mea-

surement [C].47

Our recommendation is to use intermittent glucose monitoring

and CGM systems peri-operatively with caution, preferably under pro-

spective follow-up research protocols only and with additional blood

glucose assessments [E]. We anticipate additional data to inform this

recommendation in the near future.

8 | CLASSIFICATION OF PROCEDURES AND
PRESURGICAL ASSESSMENT

In the management of children with diabetes undergoing surgery it is

helpful to divide procedures into two categories: major and minor sur-

gery. Considering this, it must be taken into account that coordination

for “major” surgery in a well-controlled child with diabetes may be less

complex than for “minor” surgery in a poorly controlled child with lim-

ited social support.

(A) Minor surgery or procedures that require a brief general anes-

thesia (GA) [or heavy sedation], usually of less than 2 hours duration,

and which should not have a major impact on glycemic control. Exam-

ples include common day surgery procedures: endoscopies, duodenal

biopsy, adeno-tonsillectomy, grommet insertion, and simple orthope-

dic procedures.

The child will usually be discharged from hospital on the day of

the procedure. Likewise, repeated minor procedures performed on

hospitalized patients receiving treatment for cancer or patients with

severe burns are of short duration (eg, dressing changes) and may also

be considered minor.

(B) Major surgery that requires more prolonged GA is associated

with greater risks of metabolic decompensation, and the child is

unlikely to be discharged from hospital on the day of the procedure.

These surgeries are typically expected to last for at least 2 hours.

All children with diabetes should have a diabetes assessment prior

to all types of surgery or anesthesia.

Prior to elective surgery, children and adolescents with diabetes

should be formally assessed several days beforehand: to allow for a

thorough assessment of glycemic control, electrolyte status, ketones

(urine/blood), and a formal plan for diabetes management made for

surgery and/or anesthesia [E].

If glycemic control is known to be poor and surgery cannot be

delayed reasonably, consider admission to hospital before surgery for

acute stabilization of glycemic control [E].

9 | PREOPERATIVE CARE FOR CHILDREN
WITH TYPE 1 OR TYPE 2 DIABETES TREATED
WITH INSULIN

• Must be admitted to hospital before surgery if receiving general

anesthesia [E]

• If the patient has other reasons to be in hospital or diabetes is not

well controlled, then admission before surgery would be war-

ranted [E].

• Should be scheduled as a first case of the day or the surgical

list [E].

• Require IV sited for use pre- or intraoperatively to treat hypogly-

cemia [E].

• Require specific adjustment of insulin regimen considered accord-

ing to major or minor surgery and glycemic control.

• Require insulin (albeit titrated/reduced), even if fasting, to avoid

ketoacidosis [A].

• Require blood glucose testing at least hourly pre- during and post-

operatively to detect and prevent hypo- and hyperglycemia [E].

• Should have urine or blood ketone measurement if hyperglycemia

>14 mmol/L (250 mg/dL) is present [E].

• Can continue CSII therapy, without any adverse effect on their

blood sugar control or surgery/anesthesia, in certain cases of

minor elective surgery [E].

10 | MAJOR SURGERY (AS DEFINED
ABOVE)

10.1 | On the evening before surgery

• Give the usual evening and/or bedtime insulin(s) and bedtime

snack (some institutions reduce glargine [U100] by 50%).

• If on CSII, most continue normal insulin basal rates, (some reduce

basal at 0300 by 20% if there is concern over hypoglycemia).

• Monitor blood glucose and measure blood ß-hydroxybutyrate

(BOHB) or urinary ketone concentration if blood glucose is

>14 mmol/L (250 mg/dL).

10.2 | Omit the usual morning insulin (short and long
acting) on the day of surgery and start insulin infusion

• At least 2 hours before surgery, start an IV insulin infusion (eg,

dilute 50 units regular [soluble] insulin in 50 mL of 0.9% sodium

chloride, 1 unit = 1 mL) and provide IV maintenance fluids con-

sisting of 5% dextrose and 0.9% sodium chloride (see Appendices

A and B).

• Patients on CSII should discontinue CSII insulin delivery when the

insulin infusion is started.

• Monitor blood glucose levels at least hourly before surgery and as

long as the patient is receiving IV insulin, dependent on recovery,

level of consciousness and ability to have clear fluids.
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• Aim to maintain blood glucose between 5 and 10 mmol/L

(90-180 mg/dL) by adjusting the IV insulin dose or the rate of

dextrose infusion during surgery.

• If BG <4 mmol/L (70 mg/dL)—give bolus of IV 10% dextrose

1-2 mL/kg; re-check BG 15 minutes later and repeat if necessary.

If still <4 mmol/L (70 mg/dL), stop IV insulin for 15 minutes and

recheck and discuss with diabetes team.

• When oral intake is not possible, the IV dextrose infusion should

continue for as long as necessary.

11 | MINOR SURGERY (AS DEFINED
ABOVE)

Algorithms for different types of insulin regimens are suggested below

in general. For more detail, see Reference.7

11.1 | For all insulin regimens—if the following
occurs

BG <4 mmol/L (70 mg/dL)—give bolus of IV 10% dextrose 2 mL/kg;

re-check BG 15 minutes later and repeat if necessary.

BG >14 mmol/L (250 mg/dL) for >1 hour—consider subcutane-

ous rapid-acting insulin using the patient's usual correction factor or

5% to 10% of the child's usual total daily dose. Urine or blood ketones

should be measured and an IV insulin infusion considered if significant

ketone production is present (most units consider serum ketones of

>0.6 mmol/L significant).

1. Patients treated with twice daily basal (NPH, insulin detemir, or

glargine) and rapid- or short-acting insulin, or once daily basal-

bolus regimen using multiple daily injections.

Morning operations

• On the morning of the procedure, give the usual dose of long-

acting insulin (glargine, detemir) if usually given at this time. If pre-

operative evaluation shows a pattern of low blood glucose values

in the morning, consider reducing the dose of long-acting insulin

by 20%-30% (both doses if twice daily long acting).

• In general omit the rapid-acting insulin (eg, insulin aspart, insulin

lispro, and glulisine) in the morning until after procedure when

they can have it with the late breakfast. Consider rapid-acting

insulin, however, to correct significant hyperglycemia and/or sig-

nificant ketone (>0.1 mmol/mol) production is present.

• Reduce morning NPH by 30% to 50% depending on the length of

the procedure.

• Consider commencing IV fluids: Some centers will use IV fluids

routinely; others will consider on individual basis pending length

of operation and current glucose concentration. Patients on

basal/bolus with a target range blood glucose may initially utilize

IV fluids without dextrose. However, IV infusion with dextrose

(5% dextrose/0.9% sodium chloride) should be started for all

patients treated with NPH insulin.

• Alternatively, IV insulin infusion may be started as described

above.

Afternoon operations (if unavoidable)

• On the morning of the procedure, give the usual dose of long-

acting insulin (if usually given at this time).

• If allowed to eat breakfast, give the usual dose of rapid-acting

insulin or 50% of the usual short-acting insulin, and if applicable,

give the usual dose of NPH insulin. If morning oral intake will be

limited, consider reducing the morning NPH by 30%.

• If the anesthetist allows the child to eat a light breakfast and to

consume clear liquids up to 4 hours before the procedure, IV fluid

administration (and IV insulin infusion, if applicable) should com-

mence 2 hours before surgery or no later than midday (see

Appendices A and B) if that is the diabetes team choice of

management.

2. Patients treated with CSII

• If possible, and provided the anesthetist agrees, use of continuous

subcutaneous insulin infusion may be continued during a surgical

procedure. If the anesthetist is not confident with CSII (pump)

management, it is safest to remove the insulin pump and substi-

tute an IV insulin infusion to deliver insulin, as described above.

• When a child on CSII goes to the operating theater, it is important

to secure the subcutaneous infusion cannula to prevent dislodge-

ment and interruption of insulin delivery during the procedure.

• If the GA is short (<2 hours), the pump can continue to infuse

insulin at the basal rate appropriate for the time of day.

• Basal rate can be suspended, if necessary, for no more than

30 minutes to correct any episodes of mild hypoglycemia.

• Do not give a bolus dose of rapid-acting insulin unless necessary

to correct hyperglycemia and/or significant ketone production as

above.

• Consider commencing IV fluids. Patients with a target range blood

glucose may initially utilize IV fluids without dextrose. With an

appropriately titrated basal rate, this approach may be more

physiologic.48,49

• Alternatively, IV insulin infusion may be started as described

above.

11.2 | Intraoperative care

• Surgical stress may cause hyperglycemia and increased insulin

requirements.

• Anesthesia may cause vasodilatation and hypotension.

• Monitor blood glucose measurements at least hourly, but prefera-

bly every 30 minutes, during and immediately 1 to 2 hours

after GA.

If necessary, begin dextrose infusion or increase dextrose concen-

tration of IV fluids from 5% to 10% to prevent hypoglycemia. Adjust

dextrose infusion and insulin dose (by subcutaneous injection of

rapid-acting insulin for minor surgery) to maintain blood glucose in the

range 5 to 10 mmol/L (90-180 mg/dL). For those receiving an IV insu-

lin infusion, a single correction bolus of IV insulin (either using the

child's usual correction factor or 5%-10% of the child's usual total
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daily insulin dose, depending on the severity of hyperglycemia) may

be given at the start of the infusion to correct hyperglycemia.

Thereafter, correction of hyperglycemia should be based on

adjustment of the rate of the IV insulin infusion (Appendix A). If the

blood glucose exceeds 14 mmol/L (>250 mg/dL), urine or blood

ketones should also be measured. If there is an unexpected acute drop

in blood pressure, 0.9% sodium chloride is the preferred IV fluid and

care should be taken to avoid fluids with potassium.

11.3 | Postoperative care

After surgery, start oral intake or continue IV dextrose infusion

depending on the child's condition. Continue the IV insulin infusion or

additional short- or rapid-acting insulin as necessary until oral intake is

resumed.

Once the child is able to resume oral nutrition, resume the child's

usual diabetes treatment regimen.

Give short- or rapid-acting insulin (based on the child's usual insu-

lin: carbohydrate ratio and correction factor), if needed, to reduce

hyperglycemia or to match food intake. Keep in mind that insulin

requirement could be higher due to postoperative stress, additional

medications, pain, and inactivity.

11.4 | Special circumstances

11.4.1 | Emergency surgery

Although the majority of surgical procedures are elective, however,

both minor and major surgical procedures may occur as emergencies.

It is important to remember that DKA may present as an “acute abdo-

men” and that acute illness may precipitate DKA.

Before emergency surgery in a child with diabetes, always check

blood glucose, blood BOHB (if available) or urinary ketone concentra-

tion, serum electrolytes, and blood gases if ketone or blood glucose

levels are high.

Do not give fluid, food or medication by mouth because, in some

emergency situations, the stomach must be emptied by a nasogastric

tube. Always secure IV access and check weight before anesthesia. If

ketoacidosis is present, follow an established treatment protocol for

DKA and delay surgery, if possible, until circulating volume and elec-

trolyte deficits are corrected and, ideally, until acidosis has resolved. If

there is no ketoacidosis, start IV fluids and insulin management as for

elective surgery.

11.4.2 | Type 2 diabetes patients on oral medication alone

For patients with type 2 diabetes treated with insulin, follow the insu-

lin guidelines as for elective surgery, depending on type of insulin regi-

men. For pediatric patients with type 2 diabetes on metformin, the

timing of discontinuation will depend on the expected length of the

procedure. Use of metformin has been associated with lactic acidosis,

with risk that is increased by renal insufficiency.50 As lactic acidosis is

both a rare and life-threatening event, limited data are available to

inform guidelines for perioperative management, and metformin may

be useful in the postoperative hyperglycemic state.51,52 Therefore rec-

ommendations are that for major surgery (lasting at least 2 hours)

when conditions predisposing to additional risk factors (acute or

chronic renal insufficiency, dehydration), metformin should be discon-

tinued 24 hours before the procedure.

For minor surgery (ie, less than 2 hours), metformin may be dis-

continued on the day of the procedure. In all cases, metformin should

be withheld for 48 hours after surgery and until normal renal function

has been confirmed. For sulfonylureas, thiazolidinedione, DPP-IV

inhibitors GLP-1 analogs, and SGLT-2 inhibitors stop the medication

on the day of surgery. Patients undergoing a major surgical procedure

expected to last at least 2 hours should be started on an IV insulin

infusion as described above. For those undergoing minor procedures,

monitor blood glucose hourly and if greater than 10 mmol/L (180 mg/

dL), treat with subcutaneous rapid-acting insulin (0.1 unit/kg up to

10 units) no more frequently than every 3 hours.

11.5 | Cystic fibrosis diabetes on insulin

• Treat as per T1D with regular glucose monitoring and tailored

insulin regimen.

• Rare to develop ketoacidosis, but test for urine or blood

ketones if BG >14 mmol/L (250 mg/dL).

12 | CONCLUSION

Surgery or GA in children and adolescents with diabetes should be

performed at centers with appropriate personnel and facilities to man-

age pre-, intra- and postoperative care at the highest standard avail-

able. Children with diabetes have increasingly complex devices to

deliver insulin and measure glucose levels, as well as having marked

variation in their degree of acute and chronic diabetes control.

Crucial to ensuring the highest level of safety is careful liaison

between surgical, anesthesia and children's diabetes care teams

before admission to hospital for elective surgery and as soon as possi-

ble after admission for emergency surgery. Centers performing surgi-

cal procedures on children with diabetes should have written

protocols for postoperative management of diabetes on the wards

where children are admitted.

ACKNOWLEDGEMENTS

This is a chapter in the ISPAD Clinical Practice Consensus Guideline

2018 Compendium. The evidence grading system is the same as that

used by the American Diabetes Association.

ORCID

Craig Jefferies http://orcid.org/0000-0002-0541-6094

Marianna Rachmiel http://orcid.org/0000-0002-0852-0831

Mohamed A. Abdulla http://orcid.org/0000-0001-7121-8216

Sabine E. Hofer http://orcid.org/0000-0001-6778-0062

REFERENCES

1. Partridge H, Perkins B, Mathieu S, Nicholls A, Adeniji K. Clinical rec-
ommendations in the management of the patient with type 1 diabetes
on insulin pump therapy in the perioperative period: a primer for the
anaesthetist. Br J Anaesth. 2016;116(1):18-26.

JEFFERIES ET AL. 233

http://orcid.org/0000-0002-0541-6094
http://orcid.org/0000-0002-0541-6094
http://orcid.org/0000-0002-0852-0831
http://orcid.org/0000-0002-0852-0831
http://orcid.org/0000-0001-7121-8216
http://orcid.org/0000-0001-7121-8216
http://orcid.org/0000-0001-6778-0062
http://orcid.org/0000-0001-6778-0062


2. Betts P, Brink S, Silink M, Swift PG, Wolfsdorf J, Hanas R. Manage-
ment of children and adolescents with diabetes requiring surgery.
Pediatr Diabetes. 2009;10(suppl 12):169-174.

3. Rhodes ET, Gong C, Edge JA, Wolfsdorf JI, Hanas R, International
Society for Pediatric and Adolescent Diabetes. ISPAD Clinical Practice
Consensus Guidelines 2014. Management of children and adolescents
with diabetes requiring surgery. Pediatr Diabetes. 2014;15(suppl 20):
224-231.

4. Craig ME, Twigg S, Donaghue KC, Cheung NW, Cameron FJ, Conn J,
Jenkins AJ, Silink M, for the Australian Type 1 Diabetes Guidelines
Expert Advisory Group. http://www.nhmrc.gov.au/guidelines/
publications/ext4. 2011.

5. Wherrett D, Huot C, Mitchell B, Pacaud D. Canadian Diabetes Associ-
ation 2013 Clinical Practice Guidelines for the Prevention and Man-
agement of Diabetes in Canada: Type 1 Diabetes in Children and
Adolescents. Can J Diabetes. 2013;37:S153-S162.

6. Agwu JC, Ng SM, Edge J, et al Association of Children's Diabetes Clini-
cian guideline on Care of children under 18 years with Diabetes Melli-
tus undergoing Surgery. http://www.a-c-d-c.org/wp-content/
uploads/2012/08/Care-of-children-under-18-years-with-Diabetes-M
ellitus-undergoing-Surgery-1.pdf. Accessed January 25, 2018.

7. Agwu JC, Ng SM, Edge JA et al. Care of children and young people
with diabetes who require surgery. Diabetes Care for Children &
Young People. 2014;3:106-110.

8. Rhodes ET, Ferrari LR, Wolfsdorf JI. Perioperative management of
pediatric surgical patients with diabetes mellitus. Anesth Analg. 2005;
101(4):986-999, table of contents.

9. Jarvela KM, Khan NK, Loisa EL, Sutinen JA, Laurikka JO, Khan JA.
Hyperglycemic episodes are associated with postoperative infections
after cardiac surgery. Scand J Surg. 2017;1457496917731190:
138-144.

10. Dronge AS, Perkal MF, Kancir S, Concato J, Aslan M, Rosenthal RA.
Long-term glycemic control and postoperative infectious complica-
tions. Arch Surg. 2006;141(4):375-380. discussion 80.

11. Cruse PJ, Foord R. A five-year prospective study of 23,649 surgical
wounds. Arch Surg. 1973;107(2):206-210.

12. Guvener M, Pasaoglu I, Demircin M, Oc M. Perioperative hyperglyce-
mia is a strong correlate of postoperative infection in type II diabetic
patients after coronary artery bypass grafting. Endocr J. 2002;49(5):
531-537.

13. Zheng J, Cheng J, Zhang Q, Qi C, Wang T, Xiao X. Association
between glycosylated hemoglobin level and cardiovascular outcomes
in diabetic patients after percutaneous coronary intervention. Medi-
cine (Baltimore). 2016;95(19):e3696.

14. Kaufman FR, Devgan S, Roe TF, Costin G. Perioperative management
with prolonged intravenous insulin infusion versus subcutaneous insu-
lin in children with type I diabetes mellitus. J Diabetes Complicat.
1996;10(1):6-11.

15. van den Berghe G, Wouters P, Weekers F, et al. Intensive insulin ther-
apy in critically ill patients. N Engl J Med. 2001;345(19):1359-1367.

16. NICE-SUGAR Study Investigators for the Australian and New Zealand
Intensive Care Society Clinical Trials Group and the Canadian Critical
Care Trials Group, Finfer S, Chittock D, et al. Intensive versus conven-
tional glucose control in critically ill patients with traumatic brain
injury: long-term follow-up of a subgroup of patients from the
NICE-SUGAR study. Intensive Care Med. 2015;41(6):1037-1047.

17. Investigators N-SS, Finfer S, Chittock DR, et al. Intensive versus con-
ventional glucose control in critically ill patients. N Engl J Med. 2009;
360(13):1283-1297.

18. Kao LS, Meeks D, Moyer VA, Lally KP. Peri-operative glycaemic con-
trol regimens for preventing surgical site infections in adults. Cochrane
Database Syst Rev. 2009;(3):CD006806.

19. Doenst T, Wijeysundera D, Karkouti K, et al. Hyperglycemia during
cardiopulmonary bypass is an independent risk factor for mortality in
patients undergoing cardiac surgery. J Thorac Cardiovasc Surg. 2005;
130(4):1144.

20. Ata A, Valerian BT, Lee EC, Bestle SL, Elmendorf SL, Stain SC. The
effect of diabetes mellitus on surgical site infections after colorectal
and noncolorectal general surgical operations. Am Surg. 2010;76(7):
697-702.

21. Zerr KJ, Furnary AP, Grunkemeier GL, Bookin S, Kanhere V, Starr A.
Glucose control lowers the risk of wound infection in diabetics after
open heart operations. Ann Thorac Surg. 1997;63(2):356-361.

22. Buchleitner AM, Martinez-Alonso M, Hernandez M, Sola I,
Mauricio D. Perioperative glycaemic control for diabetic patients
undergoing surgery. Cochrane Database Syst Rev. 2012;(9):CD007315.

23. Krinsley JS, Schultz MJ, Spronk PE, et al. Mild hypoglycemia is inde-
pendently associated with increased mortality in the critically ill. Crit
Care. 2011;15(4):R173.

24. Adler GK, Bonyhay I, Failing H, Waring E, Dotson S, Freeman R. Ante-
cedent hypoglycemia impairs autonomic cardiovascular function:
implications for rigorous glycemic control. Diabetes. 2009;58(2):
360-366.

25. Martin-Timon I, Del Canizo-Gomez FJ. Mechanisms of hypoglycemia
unawareness and implications in diabetic patients. World J Diabetes.
2015;6(7):912-926.

26. Di Muzio F, Presello B, Glassford NJ, et al. Liberal versus conventional
glucose targets in critically ill diabetic patients: an exploratory safety
cohort assessment. Crit Care Med. 2016;44(9):1683-1691.

27. Kong MY, Alten J, Tofil N. Is hyperglycemia really harmful? A critical
appraisal of "persistent hyperglycemia in critically ill children" by Faus-
tino and Apkon (J Pediatr 2005; 146:30-34). Pediatr Crit Care Med.
2007;8(5):482-485.

28. Faustino EV, Apkon M. Persistent hyperglycemia in critically ill chil-
dren. J Pediatr. 2005;146(1):30-34.

29. Faustino EV, Bogue CW. Relationship between hypoglycemia and
mortality in critically ill children. Pediatr Crit Care Med. 2010;11(6):
690-698.

30. Hirshberg E, Larsen G, Van Duker H. Alterations in glucose homeosta-
sis in the pediatric intensive care unit: hyperglycemia and glucose vari-
ability are associated with increased mortality and morbidity. Pediatr
Crit Care Med. 2008;9(4):361-366.

31. Agus MS. Tight glycemic control in children—is the target in sight? N
Engl J Med. 2014;370(2):168-169.

32. Agus MS, Asaro LA, Steil GM, et al. Tight glycemic control after pedi-
atric cardiac surgery in high-risk patient populations: a secondary anal-
ysis of the safe pediatric euglycemia after cardiac surgery trial.
Circulation. 2014;129(22):2297-2304.

33. Srinivasan V, Agus MS. Tight glucose control in critically ill children--a
systematic review and meta-analysis. Pediatr Diabetes. 2014;15(2):
75-83.

34. Vlasselaers D, Milants I, Desmet L, et al. Intensive insulin therapy for
patients in paediatric intensive care: a prospective, randomised con-
trolled study. Lancet. 2009;373(9663):547-556.

35. Macrae D, Grieve R, Allen E, et al. A randomized trial of hyperglycemic
control in pediatric intensive care. N Engl J Med. 2014;370(2):
107-118.

36. Jeschke MG, Kraft R, Emdad F, Kulp GA, Williams FN, Herndon DN.
Glucose control in severely thermally injured pediatric patients: what
glucose range should be the target? Ann Surg. 2010;252(3):521-527.
discussion 7-8.

37. Jeschke MG, Kulp GA, Kraft R, et al. Intensive insulin therapy in
severely burned pediatric patients: a prospective randomized trial.
Am J Respir Crit Care Med. 2010;182(3):351-359.

38. Ling Y, Li X, Gao X. Intensive versus conventional glucose control in
critically ill patients: a meta-analysis of randomized controlled trials.
Eur J Intern Med. 2012;23(6):564-574.

39. Agus MS, Wypij D, Hirshberg EL, et al. Tight glycemic control in criti-
cally ill children. N Engl J Med. 2017;376(8):729-741.

40. Qaseem A, Chou R, Humphrey LL, Shekelle P, Clinical Guidelines Com-
mittee of the American College of P. Inpatient glycemic control: best
practice advice from the Clinical Guidelines Committee of the Ameri-
can College of Physicians. American J Med Qual. 2014;29(2):95-98.

41. Moghissi ES, Korytkowski MT, DiNardo M, et al. American Association
of Clinical Endocrinologists and American Diabetes Association con-
sensus statement on inpatient glycemic control. Endocr Pract. 2009;
15(4):353-369.

42. Hemmerling TM, Schmid MC, Schmidt J, Kern S, Jacobi KE. Compari-
son of a continuous glucose-insulin-potassium infusion versus inter-
mittent bolus application of insulin on perioperative glucose control

234 JEFFERIES ET AL.

http://www.nhmrc.gov.au/guidelines/publications/ext4
http://www.nhmrc.gov.au/guidelines/publications/ext4
http://www.a-c-d-c.org/wp-content/uploads/2012/08/Care-of-children-under-18-years-with-Diabetes-Mellitus-undergoing-Surgery-1.pdf
http://www.a-c-d-c.org/wp-content/uploads/2012/08/Care-of-children-under-18-years-with-Diabetes-Mellitus-undergoing-Surgery-1.pdf
http://www.a-c-d-c.org/wp-content/uploads/2012/08/Care-of-children-under-18-years-with-Diabetes-Mellitus-undergoing-Surgery-1.pdf


and hormone status in insulin-treated type 2 diabetics. J Clin Anesth.

2001;13(4):293-300.
43. Christiansen CL, Schurizek BA, Malling B, Knudsen L, Alberti KG,

Hermansen K. Insulin treatment of the insulin-dependent diabetic patient

undergoing minor surgery. Continuous intravenous infusion compared

with subcutaneous administration. Anaesthesia. 1988;43(7):533-537.
44. Kalmovich B, Bar-Dayan Y, Boaz M, Wainstein J. Continuous glucose

monitoring in patients undergoing cardiac surgery. Diabetes Technol

Ther. 2012;14(3):232-238.
45. Piper HG, Alexander JL, Shukla A, et al. Real-time continuous glucose

monitoring in pediatric patients during and after cardiac surgery. Pedi-

atrics. 2006;118(3):1176-1184.
46. Olafsdottir AF, Attvall S, Sandgren U, et al. A clinical trial of the accuracy

and treatment experience of the flash glucose monitor FreeStyle Libre in

adults with type 1 diabetes. Diabetes Technol Ther. 2017;19(3):164-172.
47. Ancona P, Eastwood GM, Lucchetta L, Ekinci EI, Bellomo R,

Martensson J. The performance of flash glucose monitoring in criti-

cally ill patients with diabetes. Crit Care Resusc. 2017;19(2):167-174.
48. Mucha GT, Merkel S, Thomas W, Bantle JP. Fasting and insulin glar-

gine in individuals with type 1 diabetes. Diabetes Care. 2004;27(5):

1209-1210.
49. Al-Khawari M, Al-Ruwayeh A, Al-Doub K, Allgrove J. Adolescents on

basal-bolus insulin can fast during Ramadan. Pediatr Diabetes. 2010;

11(2):96-100.

50. Eppenga WL, Derijks HJ, Conemans JM, Hermens WA, Wensing M,

De Smet PA. Comparison of a basic and an advanced

pharmacotherapy-related clinical decision support system in a hospital

care setting in the Netherlands. J Am Med Inform Assoc. 2012;19(1):

66-71.
51. Baradari AG, Emami Zeydi A, Aarabi M, Ghafari R. Metformin as an

adjunct to insulin for glycemic control in patients with type 2 diabetes

after CABG surgery: a randomized double blind clinical trial. Pak J Biol

Sci. 2011;14(23):1047-1054.
52. Baradari AG, Habibi MR, Khezri HD, et al. Does high-dose metformin

cause lactic acidosis in type 2 diabetic patients after CABG surgery? A

double blind randomized clinical trial. Heart Int. 2011;6(1):e8.

How to cite this article: Jefferies C, Rhodes E, Rachmiel M,

et al. ISPAD Clinical Practice Consensus Guidelines 2018:

Management of children and adolescents with diabetes requir-

ing surgery. Pediatr Diabetes. 2018;19(Suppl. 27):227–236.

https://doi.org/10.1111/pedi.12733

JEFFERIES ET AL. 235

https://doi.org/10.1111/pedi.12733


APPENDIX A: INFUSION GUIDE FOR SURGICAL PROCEDURES

MAINTENANCE FLUID GUIDE

0.9% sodium chloride with 5% dextrose

• Major surgery and any surgery when NPH has been given

• If blood glucose is high (>14 mmol/L/ 250 mg/dL), use 0.9% sodium chloride without dextrose and increase insulin; consider adding 5% dex-

trose when blood glucose falls below 14 mmol/L (250 mg/dL).

• Use maintenance rate (as outlined below).

Sodium

There is evidence that the risk of acute hyponatremia may be increased when hypotonic maintenance solutions (ie, 0.45% sodium chloride) are

used in hospitalized children (many centers, therefore, use 0.9% sodium chloride due to concern over acute hyponatremia).

Potassium

Monitoring of electrolytes pre- and postoperatively is recommended. Only after completion of surgery and when the patient's vital signs are sta-

ble, consider adding potassium chloride 20 mmol/L of intravenous fluid. In case of urgent need for fluid resuscitation it is potentially dangerous to

add potassium to the IV fluid, therefore hyperkalemia (confirmed with repeat measurement and electrocardiogram) and renal insufficiency are

absolute contraindications to potassium infusion.

Children undergoing a brief procedure with a baseline normal serum potassium concentration and well-controlled diabetes have a small risk

of hypokalemia. Those undergoing more prolonged surgeries or emergent surgeries during which metabolic decompensation is more likely, require

intraoperative assessment of electrolytes and appropriate adjustment of the electrolyte composition of their IV solution.

Example of calculation of maintenance requirements

Body weight Fluid requirement/24 h

For each kg between 3-9 kg 100 mL/kg/24 h (for 5 kg child: ~20 mL/h)

For each kg between 10-20 kg Add an additional 50 mL/kg/24 h (for 10 kg child: ~40 mL/h

For each kg over 20 kg Add an additional 20 mL/kg/24 h

Maximum 2000 mL/24 h female, 2500 mL/24 h male.

Dextrose saline

The percentage is a mass percentage, so a 5% glucose/dextrose solution contains 50 g/L of glucose/dextrose or 5 g/100 mL. One unit of insulin

utilizes 5 to 10 g of dextrose/h, so a child on 40 mL/h of 5% dextrose is being infused 2 g/h dextrose, which will require 0.1 to 0.2 units/h insulin

(or as below for insulin infusion 0.025 U/kg/h insulin).

APPENDIX B: INSULIN INFUSION

• Add soluble (regular) insulin 50 units to 50 mL 0.9% sodium chloride, making a solution of 1 unit insulin/mL; attach to syringe pump and label

clearly as such.

• Start infusion as follows once BG >4 mmol/L (>70 mg/dL)

• 0.025 mL/kg/hour (ie, 0.025 units/kg/h) if BG is <6 to 7 mmol/L (110-140 mg/dL)

• 0.05 mL/kg/h if BG is between 8 and 12 mmol/L (140-220 mg/dL)

• 0.075 mL/kg/h if BG is between 12 and 15 mmol/L (220-270 mg/dL)

• 0.1 mL/kg/h if BG is >>15 mmol/L (250 mg/dL)

• Aim to maintain blood glucose in range between 5 and 10 mmol/L (90-180 mg/dL) by adjusting insulin infusion hourly.

• Blood glucose must be measured at least hourly when the patient is on IV insulin.

• Do not stop the insulin infusion if blood glucose is between 5 and 6 mmol/L (90 mg/dL) as this will cause rebound hyperglycemia. Reduce

the rate of infusion.

• The insulin infusion may be stopped temporarily if blood glucose <4 mmol/L (70 mg/dL) but not more than 10 to 15 minutes.
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