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Perioperative Glucose Control in Patients With Diabetes

Undergoing Elective Surgery
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Hyperglycemiain the perioperative period is associated with sev-
eral adverse outcomes including wound infection, pneumonia, sep-

sis, and cardiovascular events. Limited evidence suggests that good
[glicose controlis likely to be beneficial in Fedlicing postoperative
[mortality, length of hospital stay, and cardiovascularcomplications

such as stroke.? Guidelines for achieving good perioperative glu-
cose control are available but lack sufficient detail. In this JAMA

Insights article, we outline an[gasy-to-adoptapproachifor safe and

effective perioperative management of hyperglycemia.

[PF€operative Assessment

Hemoglobin.HbAk) should be checked preoperativelyin all pa-
tients with diabetes to assess glucose control. Although higher lev-
els are associated with unfavorable outcomes, fig/éVidence’shows

that|postponinglsurgery to improve glucose control islpeneficial. Peri
operative gluicoselevelshave been shown tojinfllience surgical Out:

-than -"' However, it is reasonable to defer elec-

tive surgery in patients with if the situation will
intensify diabetes management strategies. Severe hyperglycemia
(glucose >250 mg/dL), with or without metabolic decompensa-
tion, warrants postponement of elective surgery.

During the preoperative evaluation of patients with diabetes, it is
important to review current glycemic control and pharmacotherapy
and provide the patient with written instructions on how to adjust medi-
cations the day before and the morning of surgery. In general, on the

day before surgery, patients cancontinue allmedicationsincluding met:
fferminl Concerns aboutjmetformin-indticedlacticacidosis or other ad-
verse effects, when this drugis administered before surgery, are largely

>The that may need dose adjlistment the
day before surgery is |ong=acting basalifsulii administered at Right|
If patients take inappropriately high doses of|basal/instliil (¢60% of
total daily dose of insulin), predisposing tolaypoglycemiaduring a pro-
longed fast, the/doseshotild berediiced by50%t675%. This is espe-
cially relevant for patients with malnutrition or other concomitant ill-
nesses such as renal and hepatic insufficiency, which increase the risk
for hypoglycemia. A recent observational study in patients with type 2

diabetes indicated that the[optimalbasalinsulin'dose on the €vening
-surgery is aboul-of the-dose.6

The Figure presents a possible approach for adjustment of insu-
lin dose on the morning of surgery. Although not formally validated,
this approach is used extensively at Mayo Clinic with good results.

In patients with fypeldiabetes, it is important tojnot interrupt/basal

instli delivery to prevent the occurrence of diabetic ketoacidosis. NG

adjustments in the dose of long-acting insulin are required if its cur-
rent dose is appropriate (no hypoglycemia on prolonged fasting). In
patients withtype2diabetes, it is often reasonable to administeriialf
thedose ofbasal insulin the morning of SUEgery. Similarly, the/dose of
intermediate-actinginsulifl should be reduced by alf in all patients
because it|provides prandial coverage for thejmiddayjmeal, which will
likely beSkipped on the day of surgery/AllsShort-acting|prandial insu-
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lin doses arestopped|tntil the patient festimes oral food|intake, asalsol
are [noninsulin @ntidiabetic @gents. For patients treated with pre-

mixed insulin preparations who have satisfactory fasting blood glu-
cose levels, half thebasal component dose can be administered asfif-
ftermediate-acting insulin (NPH). However, fif patients have fasting
|hyperglycemia (5200mg/dL), half the morning/dese of premixed in-
sulin can be administered before surgery.

When patients report for surgery in the morning, their blood gl
[co5€ and ftime and [d6se of |ast diabetes [fédication should be re-

corded.|Hypoglycemia (glucose<70/mg/dL) should be treated with
glucose[tablets orjgel if food or drink is not allowed. For patients tak-

ing insulin or a sulfonylurea, it is desirable that blood glucose be

[greaterthan 100'mg/dL before the start of surgery. If blood glu-
cose is/greater than 180'mg/dL, a supplemental correction dose of
[rapid=actingiinsulifl is often administered. Iftravenous insulininfu-
sion may need to be initiated in some conditions (eg, severe hyper-
glycemia orftypeTdiabetes withprolonged surgery). A standard pro-
tocol forStbeutaneous supplemental correctioninsulin dose and also
for fifitfavenous insulin infusion rates should be adopted.

To the extent possible, elective surgery for patients with dia-
betes should be scheduled early in the morning to help limit the du-
ration of fasting. When this is unavoidable, basal insulin and Stipple-
[méental correction insulin should be administered as outlined
previously, and appropriate prandial coverage should also be pro-
vided if the patient is allowed to eat early in the day.

[Intracperative Glucose Management

Intraoperative hyperglycemia has been associated with a variety of
undesirable surgical outcomes, but thelbenefits of Stringent glt=
[cesecontrol during this period areUncertain. A randomized trial of
intensive insulin infusion therapy to maintain blood glucose in the
normal range of[80t6100 mg/dL was[Agt found to favorably ifld-
[ence postoperative €omplications and may be associated with
greater harm.” It is therefore advisable to maintain blood glucose
[essithant180 mg/dL without causing hypoglycemia. This can be
achieved either by Subcutaneous supplemental doses of [fapid-
lactingiinsulinl administered EVery'2hotrs or by intravenous insulin
infsion with blood glticose monitoring every/1to2 hours.

Postoperative Management

Upon arrival to the postoperative care area, blood glucose must be
rechecked and intraoperative insulin administration reviewed. Intra-
venous insulininfusion should be continued in patients who received
itintraoperatively and initiated if subcutaneous insulin injections have
not been effective in controlling blood glucose levels. [ntensivein-
Sulifi therapy in the|postoperative period has been associated with
lessetirisk offififection and overall forbidity and|mortality, but ideal
glucosetargets are[not|clear. Based on studies in other hospitalized
patients (both surgical and nonsurgical), it seems reasonable to target
preprandial blood glucose between[100@nd140mg/dL and random
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Figure. Suggested Administration of Insulin and Other Diabetes Medications on the Morning of Surgery

Patient due for elective surgery

No known type 1 diabetes and no similar clinical features

Medication plan for morning of surgery

Hold ;-Dose |CEHtiRLE normal therapy

» NGninsulin therapies only ()
Combination of insulin and noninsulin therapies PY
» Long- and intermediate-acting insulin
» Short- or rapid-acting insulin and noninsulin therapies ()
I(nOWI-iiabetes or similar clinical features present? [_-insulin therapy ]
|Combination of short- or [fapid-acting and iitermediate-acting insulin ® ; ;
» Short- or rapid-acting insulin
» Itermediate-acting insulin [ )
|Combination of short- or [fapid-acting and [lAg-acting insulin °® Insulins by method of performance
» Short- or rapid-acting insulin are categorized as long-acting
(glarging, detemir, and degludec),
|Eong-acting insulin (appropriate dose) [ ) itermediate-acting (NPHinsulin),
» Long-acting insulin (inappropriately high dose) andshort-acting (regular human
Indications for inappropriately high long-acting insulin dose: !nsul!n) insulins, an.d-actlng
Frequent hypglycemia, especially at night or early morning o Iﬁsulln_“(lnsulln aspart,
Steep overnight decline in blood glucose (>40 mg/dL) lispro, and glulisine).
Patient requires bedtime snack to avoid hypoglycemia g 2 Examples of patient characteristics:
Long-acting insulin dose is >60% of total daily insulin dose needing multiple doses of insulin
: and if 1dose of insulin is skipped,
Insulin Bl therapy P i | Discontinue insulin pump and the next monitored glucose level

» Continued perioperative insulin pump use is not indicated

» Continued perioperative insulin pump use is indicated

Indications for continued perioperative use:
Patient has good glucose control and is adept at pump usage
Short surgery duration (Slllfll and quick recovery expected
No hemodynamic compromise
Pump infusion site is not close to surgical field

is very high; small changes

i | startintravenous insulin infusion therapy

ininsulin doses lead to big changes
i Y in glucose concentration;

i , history of severe hyperglycemia
_ izt i or ketoacidosis without a major

i isinappropriately high X .

f stress; high within-day glucose
variability; recurrent hypoglycemic
episodes; patients with
postpancreatectomy diabetes.

blood glucose between 100 and 180 mg/dL. Abasal*boltsegimen
has been shown to be fiore effective than supplemental correction
Sliding‘scalelinsulin alone in surgical patients® and should be'adopted
[once patients|restime oral Autrition.

Use of Insulin|PlRp in the Perioperative Period
[Contintious|stbetitaneous|insulin infusion through aninsulin pump,

with or without glucose sensor augmentation, is becomingfiicréass

ifglypoptilarand can be used to perioperatively déliVer|basal insu-

lin in appropriate conditions (Figure). Use must be limited to pa-

tients|capable of Selfimanagement who are undergoing a relatively
jShort’stirgery. Basal rate féduiction should be [considered similar to

adjustment of basal injection dose (as discussed previously). Few
studies have examined the reliability of continuous glucose moni-
toring in hospitalized patients, and therefore, use in the periopera-
tive period should be restricted only to research settings at this time.

Conclusions

|Hyperglycemia represents Sighificant fisk to surgical patients, and
effective management has the potential to improve surgical out-
comesin patients with diabetes. Acomprehensive program from pre-
operative evaluation through surgery and postoperative care and
culminating in clear discharge instructions about diabetes medica-
tions is necessary to accomplish this goal.
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