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An Update on Perioperative Management of Diabetes
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urgery in the patient with diabetes mellitus is relatively common, as the numbers of per-
sons with diabetes is increasing and diabetes predisposes to medical conditions that re-
quire surgical intervention. An estimated 25% of diabetic patients will require surgery,
and advances in perioperative care of these patients allow them to safely undergo the
most complicated surgical procedures. We will review issues of preoperative, intraoperative, and

postoperative care of diabetic patients.

Today, advances in perioperative man-
agement have enabled diabetic patients to
undergo complex surgery with increasing
safety'* such that more surgery is per-
formed in an outpatient setting, and for
those performed on an inpatient basis,
the length of hospital stay is being
shortened dramatically. This creates a
logistical challenge to the perioperative
treatment of the patient with diabetes
mellitus. Many factors are involved in
determining the glycemic response to a
surgical procedure; although some may
be adequately anticipated, others are very
difficult to predict. Insulin secretory
capability, insulin sensitivity, overall
metabolism, and nutritional intake may
change radically from the preoperative
period through to the postoperative recu-
peration and may also differ greatly from
one procedure to another. For this reason
many physicians tend to be reactive as
opposed to proactive in their manage-
ment of hyperglycemia in surgical
patients with diabetes. Nevertheless,
marked hyperglycemia in the patient
with diabetes should be prevented, as it
may lead to dehydration and electrolyte
abnormalities, impair wound healing,
and predispose to infection or diabetic
ketoacidosis in the patient with type 1
diabetes mellitus.>®

PREOPERATIVE EVALUATION
AND PREPARATION

The operative risk assessment of the pa-
tient with diabetes mellitus (Table 1) is
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generally similar to that of any other pa-
tient in whom it is important to diag-
nose, evaluate, and treat underlying car-
diac, pulmonary, and renal disease;
electrolyte abnormalities; and/or anemia
before surgery. Additionally, this assess-
ment should focus on the long-term com-
plications of diabetes (microvascular, mac-
rovascular, and neuropathic), which may
potentiate risk. Particular attention should
be given to assessment of cardiovascular
and renal function, abnormalities of which
may be undiagnosed. Since cardiovascu-
lar disease is inordinately common in pa-
tients with diabetes mellitus,”® assess-
ment of cardiac risk assumes a high priority
in the preoperative examination of the pa-
tient with diabetes. In persons with dia-
betes and a history of myocardial infarc-
tion or unstable angina, the risk of
postoperative cardiac complications may
be decreased if coronary angiography and,
if warranted, angioplasty or coronary by-
pass surgery are performed before other
elective surgery.’ Diabetic autonomic neu-
ropathy may further complicate and pro-
long the postoperative recovery phase and
has been associated with nonsurgical ex-
cess mortality.

The effects of antecedent metabolic
control independent of the extent of the
chronic complications of diabetes are not
well established, and few recommenda-
tions can be made regarding the outcome
of surgical patients with chronically poor
diabetes control and/or those whose glu-
cose levels have been rapidly normalized
preoperatively. Although, in the past, near-
optimal blood glucose control has been ad-
vocated in preparation for elective surgi-
cal procedures,’ little evidence exists to
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Table 1. Preoperative Assessment
of the Surgical Candidate With
Diabetes Mellitus

Operative risk assessment
Routine risk factors
Cardiac
Pulmonary
Renal
Hematologic
Diabetes-related risk factors
Macrovascular complications
Microvascular complications
Neuropathic complications
Diabetes therapeutic regimen
Reestablish correct diagnostic
classification of diabetes
Pharmacological regimen
Medication type
Dosage
Timing
Meal plan
Carbohydrate content
Timing of meals
Activity level
Hypoglycemia
Frequency
Awareness
Severity
Anticipated surgery
Type of surgical procedure
Inpatient or outpatient
Type of anesthesia
Start time
Duration of procedure

substantiate this approach. How-
ever, it does appear important to
optimize the patient’s nutritional sta-
tus if time permits.>® Hypertension,
a common comorbid condition asso-
ciated with diabetes mellitus,’” should
be well controlled before elective sur-
gery. These recommendations are ide-
alized, and the relative contraindica-
tions to the operative procedure must
be balanced against the urgency and
benefit of the procedure itself. It has
been recommended that insulin-
treated patients, particularly those
with type 1 diabetes, should be hos-
pitalized at least 1 day before an elec-
tive operation to establish reason-
ably good metabolic control and to
correct any fluid and electrolyte ab-
normalities.”®!*!? Today, in coun-
tries where the health care system has
become intensively regulated with
goals of increasing cost-effective-
ness, this is not practical, and such pa-
tients are generally admitted to the
hospital on the day of surgery.

The perioperative manage-
ment of diabetes should be ap-
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Figure 1. The balancing of perioperative
glycemia. Hypoglycemia results from a
predominance of the glycemic effects of a
decrease (downward arrow) of carbohydrate
(CHO) intake and an increase (upward arrow) of
circulating insulin, and hyperglycemia results
from a predominance of the glycemic effects of
an increase in stress hormones and a decrease
of circulating insulin levels. BG indicates blood
glucose.

proached logistically. The variety of
diabetes treatment regimens for
both type 1 and type 2 diabetes; the
myriad surgical procedures com-
pounded by varying start times, du-
rations, and anesthetic approaches;
and the unpredictability of recupera-
tion present considerable chal-
lenges to the maintenance of stable
glycemic control and the resump-
tion of the patient’s usual diabetes
regimen. To anticipate the multi-
plicity of potential perioperative dia-
betes problems, a detailed history of
diabetes therapy is important. First,
itis necessary to correctly ascertain
the type of diabetes, since this may
ultimately impact on future phar-
macological requirements and risk
of metabolic complications, vis-a-
vis insulin sensitivity and insulino-
penia. This history should include
not only the details of the pharma-
cological regimen but also the pre-
scription for energy intake and car-
bohydrate content of the meal plan.
It is important to elicit such daily
routines as mealtimes, usual level of
activity, and timing of medication
(eg, especially taking care to prop-
erly define a “PM” insulin dose as be-
fore bedtime, 10 PM, as opposed to
before supper, 6 PMm). It is also im-
portant to understand this regi-
men’s ability to achieve glycemic
goals and the patient’s degree of ad-
herence. Finally, the history should
define the patient’s experience of hy-
poglycemia, such as the frequency,
the glucose level at which the pa-
tient is aware of hypoglycemia, and
whether the patient has recently ex-
perienced neuroglycopenia.

The physician responsible for
management of the diabetes (if other

than the surgeon) should ascertain
the details of the surgical proce-
dure. Is it inpatient or outpatient,
what is the anticipated start time and
duration of the procedure, and what
type of anesthesia is to be used? The
purpose of these inquiries is to de-
termine to what degree the diabe-
tes regimen will be perturbed and for
what duration. If the procedure is
short and can be performed early in
the day and the patient can be ex-
pected to eat shortly after the sur-
gery, then the patient’s diabetes regi-
men can be shifted a few hours later
in the day. Minimal disruption of the
regimen tends to be the easiest
course of management. These de-
tails are very helpful in formulating
a rational approach to intraopera-
tive and postoperative manage-
ment recommendations.

GLYCEMIC GOALS
DURING SURGERY

The metabolic effects of surgery on
the control of glucose homeostasis
(Figure 1) are not the purview of
this article and have been reviewed
elsewhere.® Surgical stress and some
general anesthetic agents them-
selves are associated with increases
in the counterregulatory hormones
epinephrine, norepinephrine, glu-
cagon, growth hormone, and corti-
sol. The metabolic effects of these
hormones will result in increased in-
sulin resistance, thereby increasing
hepatic glucose production and de-
creasing peripheral glucose utiliza-
tion.”® This will promote hypergly-
cemia in the diabetic patient and,
additionally, ketogenesis (and po-
tentially ketoacidosis) in the pa-
tient with type 1 diabetes. Patients
receiving pharmacological therapy,
however, may also be at risk for de-
veloping hypoglycemia, especially
when they fast preoperatively to
minimize the risks of emesis and as-
piration of gastric contents during
induction of anesthesia. Unfortu-
nately, to avoid being caught up in
this glycemic balancing act, many
physicians may elect to permit short-
term hyperglycemia. In general, the
goal for glucose control during sur-
gery is to maintain the glucose level
between 8 and 11 mmol/L (approxi-
mately 150 and 200 mg/dL) during
surgery to protect against hypogly-
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cemia.>®!%!® The above metabolic
effects on glucose control are hard
to anticipate, and it is best to rely on
assessment of ambient glycemia.
Glucose level may be monitored
adequately by means of any of the
systems designed for inpatient bed-
side use and approved for capil-
lary, arterial, and/or venous blood
glucose measurements.'>!*> Obvi-
ously, the more unstable the diabe-
tes, the more frequent the need for
glucose monitoring.

DIABETES THERAPY IN
ANTICIPATION OF SURGERY

Different regimens have been rec-
ommended for treating diabetic
patients undergoing surgical pro-
cedures.”®!%!® Recommendations
are generally categorized on the
basis of antecedent pharmacologi-
cal therapy. For patients receiving
diet therapy alone and those
treated with diet and oral agents,
no intraoperative therapy is usu-
ally recommended if preoperative
glucose levels approximate the
above-stated intraoperative glyce-
mic goals. In addition to those al-
ready receiving insulin, patients
with poorly controlled type 2 dia-
betes who are taking oral agents
will often require insulin during
the perioperative period.

Type 2 Diabetes Treated With
Diet Alone

For patients with type 2 diabetes
who are treated with diet alone, a ret-
roactive approach to management of
glucose control is taken. Patients are
to abstain from oral intake, usually
overnight, and hydration may be
maintained with or without a dex-
trose-containing intravenous solu-
tion. Blood glucose may be mea-
sured before and after the operative
procedure and intraoperatively if the
procedure is long. Hyperglycemia is
treated with supplemental short-
acting insulin (regular or lispro),
usually administered subcutane-
ously. In these individuals, the stress
of the surgery may lead to decom-
pensation of glycemic control, re-
quiring pharmacological interven-
tion.?”> For those undergoing
outpatient surgery, it is prudent to
remind these patients before dis-

charge from the ambulatory surgi-
cal center of the signs and symp-
toms of hyperglycemia and to
reinforce guidelines for contacting
their physician.

Type 2 Diabetes Treated With
Oral Antidiabetes Agents

For patients treated with oral agents,
these agents are generally adminis-
tered on the day before surgery and
withheld on the day of surgery. If pa-
tients manifest marked hyperglyce-
mia, supplemental insulin can be ad-
ministered to achieve better glycemic
control, and the surgery may be per-
formed if electrolyte levels are ac-
ceptable. Hyperglycemia during the
perioperative period in patients pre-
viously treated with these agents
should be corrected with insulin
(Figure 2).

0-Glucosidase inhibitors (acar-
bose and miglitol) attenuate the post-
prandial glycemic excursion by
inhibiting intestinal brush border
oligosaccharidases and disacchari-
dases. This class of agent is not effi-
cacious in the fasting state, and there-
fore there would be no utility in ad-
ministering an a-glucosidase inhibitor
until the patient resumes eating.'

Biguanides (metformin) sensi-
tize target tissues to insulin action and
therefore inhibit hepatic glucose pro-
duction and augment peripheral glu-
cose uptake in the muscle and fat.
Practices in Europe, where bigua-
nides have been used routinely for
more than 20 years, differed from
those in the United States, where ex-
treme caution was exercised and it
was recommended that metformin be
discontinued 48 hours before sur-
gery. Currently, in both Europe and
the United States, metformin is dis-
continued on the day of surgery be-
cause complications or alterations in
renal function arising intraopera-
tively may potentiate the risk of de-
velopment of lactic acidosis.?**!

Thiazolidinediones (troglita-
zone, rosiglitazone, and pioglita-
zone) are a new class of insulin sen-
sitizer that may be used to treat type
2 diabetes as monotherapy or in com-
bination with sulfonylureas, metfor-
min, or insulin. These drugs also im-
prove peripheral glucose uptake in
the muscle and fat and inhibit he-
patic glucose production, but, un-

like metformin, are not associated
with lactic acidosis. Thiazolidine-
diones are not insulin secreta-
gogues and may be discontinued on
the day of surgery.*

Sulfonylureas stimulate insu-
lin secretion and have the potential
for producing hypoglycemia dur-
ing the fasting of surgery. This risk
is dependent on the duration of ac-
tion of the particular sulfonylurea
but can be minimized by glucose
monitoring and the use of dextrose-
containing intravenous solutions.
Sulfonylureas are routinely contin-
ued on the day before surgery and
withheld on the operative day. If pa-
tients have inadvertently taken these
medications on the operative day,
surgery need not be postponed, but
more attentive glucose monitoring
in addition to continuous intrave-
nous dextrose is appropriate.?'-*

Type 1 or Type 2 Diabetes
Treated With Insulin

Many patients who use insulin can
be treated with conventional sub-
cutaneous insulin therapy.>*'**® For
individuals who take long-acting in-
sulin (ie, extended insulin zinc [Ul-
tralente]) and short-acting insulin,
a switch to an intermediate-acting
type a day or two before planned sur-
gery is appropriate. If this cannot be
accomplished, then glucose should
be monitored more intensively and
the dextrose infusion rate adjusted
appropriately to prevent hypogly-
cemia and substantial hyperglyce-
mia. If patients experience well-
controlled glycemia and/or morning
hypoglycemia, the afternoon or
evening intermediate-acting in-
sulin may be decreased slightly to
produce glycemic levels commen-
surate with the above-stated intra-
operative goals. Preoperative insu-
lin recommendations are much more
complex and require more logistic
contingencies (Figure 3).

Subcutaneous Insulin Regimens

For early-morning procedures of
short duration where the patient may
still be expected to eat according to
his or her usual meal plan, it is easi-
est to give the morning insulin and
food after the procedure. Shorten-
ing the intervals between later meals
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may compensate for this delay and
gradually realign the patient’s meal-
times back to the usual schedule. This
operative schedule is the easiest for
patients and physicians because it has
the least disrupting effect on the dia-
betes regimen and should be advo-
cated by both patient and the physi-
cian responsible for managing the
diabetes. However, frequently these
requests cannot be fulfilled.

If the surgery can be per-
formed in the morning, but it is
likely that the breakfast meal will be
omitted, preoperative insulin should
be administered.”®!1%18 If the pa-
tient is treated with a single morn-
ing dose of intermediate-acting in-
sulin, then two thirds of that dose
should be administered in the morn-
ing as intermediate-acting insulin if
the patient is likely to eat lunch. If
the patient is treated with a twice-
daily dose of insulin, then one half
of the total morning dose (includ-
ing short-acting insulin if pre-
scribed) should be administered in
the morning as intermediate-acting
insulin. If the likelihood of consum-
ing lunch is low, one half of the to-
tal morning dose (including short-
acting) should be administered as
intermediate-acting insulin for the
patient treated with a single dose of
insulin and one third for a twice-

daily regimen. For those on a regi-
men of morning intermediate-
acting and short-acting insulin,
short-acting insulin at supper, and
bedtime intermediate-acting insu-
lin, recommendations are similar to
those for the twice-daily insulin regi-
men. For the patient who is taking
multiple doses of short-acting insu-
lin (MDI regimen) one third of the
premeal dose of short-acting insu-
lin is administered at the appropri-
ate time. Patients treated with con-
tinuous insulin infusion therapy
(insulin pumps) may be treated with
their usual basal infusion rate.
When surgery is scheduled later
in the day, more complex modifica-
tions are frequently necessary, and
an intravenous infusion of glucose
is reccommended at 5 g/h.>®!%® For
individuals previously treated with
a single dose of insulin, one half of
the total dose of morning insulin
should be given as intermediate-
acting insulin in the morning. For
those treated with 2 or 3 doses, one
third of the morning total dose is
given as intermediate-acting insu-
lin. Patients taking multiple doses of
short-acting insulin may receive one
third of the morning dose of short-
acting insulin and one third of the
lunch dose of short-acting insulin at
the appropriate time. Patients with

pumps may maintain their basal
rates without boluses. Marked hy-
perglycemia may be treated with
supplemental short-acting insulin.

Intravenous Insulin Regimens. In-
travenous regular insulin is indi-
cated during the perioperative pe-
riod for previously insulin-treated
patients undergoing long, complex
operative procedures; patients who
require emergency surgery while in
ketoacidosis; and patients with un-
stable type 1 diabetes.”*1*® It may
also be indicated for pregnant
women with type 1 diabetes. Many
intravenous insulin protocols have
been described and comparatively
studied.'*'>**32 Intravenous insu-
lin is typically administered as in-
termittent, small intravenous bo-
luses of regular insulin (every 2
hours), variable “single-solution”
glucose-potassium-insulin infu-
sions, and variable separate infu-
sions of glucose and regular insu-
lin. Evaluations of such regimens are
complicated by inclusion of pa-
tients with both type 1 and type 2
diabetes, a wide variety of surgical
procedures, and lack of randomiza-
tion. The superiority of any method
remains controversial.’** In states
of peripheral vasoconstriction where
the subcutaneous compartment is

Prolonged
Fasting?

IV Insulin Protocol

Yes

Normal Renal
Function?

Devise Alternative
Regimen

No

No

Delay Diabetes Regimen

—> | Oral Agents Hold Oral Agents
— | Single Dose of Insulin 2/3 Total Daily Dose

Discontinue Short Procedure
Oral Agent Early Morning
Hyperglycemia
Compensated With
Supplemental Short Procedure
Insulin SC Late Morning
Resume
Eating?
Yes
Short Procedure
Afternoon
Preoperative
Metformin?
No
Resume
Preoperative P(I;'gg]e%ll??e
Regimen

T ‘ 2 or 3 Doses of Insulin }—» ‘ 1/3 Total Morning Dose ‘

E Oral Agents Hold Oral Agents

‘ 2 or 3 Doses of Insulin }—v ‘ 1/2 Total Morning Dose ‘
MDI 1/3 Morning Dose
——— | Insulin Pump Basal Rate Only

—— | Oral Agents Hold Oral Agents
| Single Dose of Insulin 1/2 Total Daily Dose

MDI 1/3 Morning, Lunch Doses
—— | Insulin Pump Basal Rate Only

Insulin Continuous IV Insulin

Figure 2. Management algorithm for oral antidiabetes agents. SC indicates

Subcutaneously; 1V, intravenous.

Figure 3. Summary

of perioperative management recommendation based

on therapeutic regimen and the complexity and scheduling of the operative
procedure. MDI indicates multiple doses of short-acting insulin;

IV, intravenous.
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suboptimally perfused, intravenous
insulinadministration ensuresamore
controlled and effective tissue deliv-
ery than subcutaneous administra-
tion. Furthermore, because the half-
life of intravenous insulin is short
(<10 minutes), insulin dosing may
be more rapidly titrated. This phar-
macokinetic principle may justify the
preference for continuous intrave-
nous infusions over intermittent in-
travenous bolus therapy for pa-
tients with type 1 diabetes, although
this remains controversial when
evaluated in insulin-treated pa-
tients with type 2 diabetes.*! In the
intermittent bolus technique, 10 U
of regular insulin is administered ev-
ery 2 hours and supplemented by 5
U every 60 minutes for blood glu-
cose levels greater than 11 mmol/L
(approximately 200 mg/dL).>!
Continuous intravenous insulin in-
fusion rates are generally 0.5 to 5.0
U/h, commensurate with the amount
of glucose infused.®'*" This gener-
ally translates to infusion of 0.3 U
of insulin per gram of glucose, with
upward adjustments made for in-
creasing insulin resistance. The glu-
cose-potassium-insulin infusion is
widely used in Europe and offers
some advantages in its simplicity and
single-solution technique, which en-
sures simultaneous infusion of both
insulin and glucose. This elimi-
nates concerns about metabolic com-
plications resulting from obstruc-
tion of the infusion of either glucose
or insulin,!>##2027

The glucose-potassium-insu-
lin infusion (Figure 4) is initiated
ata rate of 100 mL/h of a solution of
500 mL of 10% dextrose, 10 mmol
of potassium, and 15 U of insulin.
Adjustments in the insulin dose are
made in 5-U increments according
to blood glucose measurements per-
formed at least every 2 hours. Po-
tassium is added to prevent hypo-
kalemia and is monitored at 6-hour
intervals if the use of the glucose-
potassium-insulin infusion is pro-
longed. Closer scrutiny of the addi-
tion of potassium is warranted when
the patient has underlying renal dis-
ease or is treated with an angioten-
sin-converting enzyme inhibitor.
Separate continuous glucose and
insulin infusions®!'*** are used more
frequently in the United States than
the glucose-potassium-insulin in-

GKI Solution

500 mL of

10% Dextrose Solution;

10-mmol/L of
Potassium Chloride;

15 U of Regular Insulin
at 100-mL/h Insulin

l

Continue New GKI
at Adjusted
Concentration

BG, >11.0 mmol/L
(200 mg/dL)

Increase Insulin
by5U

l

Measure BG
Every2h

BG, <6.5 mmol/L
(120 mg/dL)

BG, 6.5-11.0 Decrease Insulin

Resume Usual
Insulin and Diet Yes

mmol/L by5U
(120-200
mg/dL)
Resume
Eating? No

Figure 4. Management algorithm for glucose-potassium-insulin (GKI) intravenous infusion. BG indicates
blood glucose. (For convenience, conversion of BG values from millimoles per liter to milligrams per

deciliter are approximate.)

fusion. These infusions (Figure 5)
may be quickly adjusted and offer
greater flexibility in responding to
changes in blood glucose levels and
ketosis. Infusions are modulated to
accommodate alterations in blood
glucose level, insulin sensitivity as
reflected by the patient’s preopera-
tive total daily insulin dose, and sur-
gical stress as anticipated by the type
of procedure. Dextrose, 5%, is ad-
ministered at 100 mL/h and insulin
isinitiated at 1.0 U/h. This initial rate
is modulated for the type of proce-
dure (2- to 5-fold increase) and an
“insulin sensitivity” factor (the pre-
operative total daily insulin [TDI]
dose divided by 30).'2%* The latter
can easily be calculated mentally as
follows:
TDI1/30 = (TDI/100) X 3.

At our institution, however, we sub-
stitute a more aggressive factor of 25:

TDI/25 = (TDI/100) X 4.

The insulin infusion rate may be ad-
justed downward to compensate for
hypoglycemia or hyperglycemia. This
incremental rate of 0.5 U/h is also fac-
tored according to the patient’s TDI
and operative procedure. For blood
glucose level above 11 mmol/L (ap-
proximately 200 mg/dL), the incre-
ment is increased again at 3-mmol/L
(approximately 50 mg/dL) levels (eg,
for ablood glucose level of 18 mmol/L

[325 mg/dL], the insulin infusion is
increased by 1.5 U/h with a starting
rate of 1.0 U/h). Blood glucose is mea-
sured hourly and potassium is ad-
ministered on an as-needed basis.
Cardiopulmonary bypass surgery
presents considerable challenges to
diabetes management because of the
stress of the procedure and because
dextrose solutions are used to prime
the perfusion pump. Organ trans-
plantation is similarly challenging be-
cause of the use of immunosuppres-
sive agents and glucocorticosteroids.
Such procedures, as well as pro-
longed neurosurgical procedures, are
probably best managed with this form
of therapy.®”

DIABETES THERAPY
AFTER SURGERY

For patients undergoing outpatient
surgery, their preoperative regi-
men may be reinstituted when the
patient resumes eating. An excep-
tion to this approach exists when the
procedure is performed in conjunc-
tion with iodinated radiocontrast dye
and the patient is treated with a bi-
guanide. The biguanide should not
be resumed for 72 hours postopera-
tively, when serum creatinine is mea-
sured to document the absence of
dye-induced renal toxic effects and
normal renal function.?®!
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BG, <6.5 mmol/L

(120 mg/dL)
Decrease IV
Insulin by
0.5 U/t
IV Insulin,
100 U Regular/L at BG, >11.0 mmol/L
1.0 UMD (200 mg/dL)
Increase IV
Insulin by
0.5 Um0
For Every 3-mmol/L
(50-mg/dL) Increment
Continue Dextrose
and IV Insulinat ——>
Adjusted Rate
Piggybacked
Into IV Insulin
IV Dextrose
D5 1/2NS at
100 ml/h

BG, <6.5 mmol/L
(120 mg/dL)
— 5

Decrease IV Insulin
by 0.5 U/h

BG, 6.5-11.0 mmol/L
Measure (120-200 mg/dL)

Cinsulin Dose Modulators for

Total Daily Insulin Dose ~ Type of Surgical Procedure

Multiply Insulin
Rates by (TDI)/30

Renal Transplant: 2x
CABG: 3-5x

BG Hourly

Increase IV Insulin
by 0.5 U/h0

—
BG, >11.0 mmol/L
(200 mg/dL)

For Every 3-mmol/L
(50-mg/dL) Increment

Resume
Eating?

Discontinue IV Insulin and
Dextrose; Resume Usual
Insulin and Diet

No

Figure 5. Management algorithm for separate glucose and insulin intravenous infusions. IV indicates intravenous, D5 '2NS, 5% dextrose, 0.45 sodium chloride;
BG, blood glucose; TDI, total daily insulin dose; and CABG, coronary artery bypass grafting. (For convenience, conversion of BG values from millimoles per liter to

milligrams per deciliter are approximate.)

Insulin Algorithm*

Table 2. Calculation of a Compensatory Subcutaneous Short-Acting

Blood Glucose, Increment Short-Acting
mmol/L (mg/dL)t Formula Calculation Insulin, U
0-11.0 (0-200) 0 0 0
11.1-14.0 (201-250) 1 X (TDI/30) 1 % (120/30) 4
14.1-17.0 (251-300) 2 % (TDI/30) 2 X (120/30) 8
17.1-20.0 (301-350) 3 X (TDI/30) 3 X (120/30) 12
20.1-23.0 (351-400) 4 % (TDI/30) 4 % (120/30) 16
23.1-26.0 (401-450) 5 X (TDI/30) 5 X (120/30) 20
>26.0 (>450) Call physician Call physician Call physician

*Example uses a preoperative total daily insulin dose (TDI) of 120 U.
tFor convenience, conversions of millimoles per liter to milligrams per deciliter are approximate.

During the postoperative pe-
riod, diabetes control may be mark-
edly unstable. Operative procedures
may necessitate that a patient ab-
stain from oral intake for prolonged
periods. Many patients may have dif-
ficulty eating because of side effects
of anesthesia and other postop-
erative complications, such as il-
eus. During intervals of uncertain ali-
mentation, patients may require
continued infusion of dextrose or,
for more prolonged periods, paren-
teral nutrition. Dextrose infusion
rates should be sufficient to pre-
vent hypoglycemia and ketosis (5-10
g of glucose per hour).® Total daily
insulin requirements under these cir-
cumstances are dependent on the
rate of dextrose solution and the pa-
tient’s level of metabolic stress. Di-
vided doses of intermediate-acting
insulin (twice daily) or short-

acting insulin (4-6 times per day) can
be supplemented by a subcutane-
ous insulin algorithm to compen-
sate for hyperglycemia. The incre-
ment for the insulin algorithm is
determined empirically from the pa-
tient’s TDI as previously described.
The increment to compensate for hy-
perglycemia above the target glu-
cose level is calculated as the TDI di-
vided by 30 for every 3 mmol/L
(approximately 50 mg/dL) above
goal (Table 2). For patients treated
intraoperatively with intravenous in-
sulin infusions, it is easiest to con-
tinue the intravenous insulin along
with the dextrose infusion until the
patient resumes eating (Figures 4
and 5). When feeding is reliably re-
sumed, the infusions may be dis-
continued and the patient’s usual
diabetes regimen (oral agents or in-
sulin) may be reinstated.

CONCLUSIONS

Perioperative management of diabe-
tes is generally more art than clini-
cal science. There are myriad pro-
tocols for managing this problem, but
there is none with any clear superi-
ority. Circumstances governing glu-
cose homeostasis during this period
are highly variable and often unpre-
dictable. Optimal methods, such as
intravenous insulin infusions, may be
expensive and labor intensive and
may not be necessary in many cases.
Although various strategies have been
reviewed, clinical judgment re-
mains a key component in good
perioperative treatment of the pa-
tient with diabetes mellitus.

Accepted for publication March 2,
1999.

We thank Paddy McGowan for
her fine work in preparing this review.

Reprints: James R. Sowers, MD,
Division of Endocrinology, Metabo-
lism, and Hypertension, Wayne State
University School of Medicine, 4201
St Antoine, Mail Stop UHC-4H,
Detroit, MI 48201 (e-mail:
jsowers@intmed.wayne.edu,).

L reremences

1. Hjortrup A, Serensen C, Dyremose E, Hjortso NC,
Kehlet H. Influence of diabetes mellitus on opera-
tive risk. BrJ Surg. 1985;72:783-785.

2. Lawrie GM, Morris GC Jr, Glaeser DH. Influence
of diabetes mellitus on the results of coronary by-

ARCH INTERN MED/VOL 159, NOV 8, 1999

2410

WWW.ARCHINTERNMED.COM

Downloaded from www.archinternmed.com on July 10, 2009
©1999 American Medical Association. All rights reserved.


http://www.archinternmed.com

pass surgery: follow-up of 212 diabetic patients
ten to 15 years after surgery. JAMA. 1986;256:
2967-2971.

. Clement R, Rousou JA, Engelman RM, Breyer RH.

Perioperative morbidity in diabetics requiring coro-
nary artery bypass surgery. Ann Thorac Surg.
1988;46:321-323.

. Summanen P, Karhunen U, Laatikainen L. Char-

acteristics and survival of diabetic patients un-
dergoing vitreous surgery. Acta Ophthalmol. 1987;
65:197-202.

. Schade DS. Surgery and diabetes. Med Clin North

Am. 1988;72:1531-1543.

. Hirsch IB, McGill JB. Role of insulin in the man-

agement of surgical patients with diabetes melli-
tus. Diabetes Care. 1990;13:980-991.

. Sowers JR, Epstein M. Diabetes mellitus and as-

sociated hypertension, vascular disease, and ne-
phropathy: an update. Hypertension. 1995;26:
869-879.

. Walsh MF, Dominguez LJ, Sowers JR. Metabolic

abnormalities in cardiac ischemia. Cardiol Clin.
1995;13:529-538.

. Scher KS, Tice DA. Operative risk in patients with

previous coronary artery bypass. Arch Surg. 1976;
111:807-809.

. Alberti KGMM, Gill GV, Elliot MJ. Insulin delivery

during surgery in the diabetic patient. Diabetes
Care. 1982;5(suppl 1):65-77.

. Reynolds C. Management of the diabetic surgi-

cal patient: a systematic but flexible plan is the
key. Postgrad Med. 1985;66:265-269, 272-276,
279.

. Gavin LA. Perioperative management of the dia-

betic patient. Endocrinol Metab Clin North Am.
1992;21:457-475.

. Palmisano JJ. Surgery and diabetes. In: Kahn R,

20.
21.
22.

23.

24.

25.

Weir G, eds. Joslin’s Diabetes. Philadelphia, Pa:
Lea & Febiger; 1994:955-961.

. Peters A, Kerner W. Perioperative management

of the diabetic patient. Exp Clin Endocrinol Dia-
betes. 1995;103:213-218.

. Gill GV, Alberti KGMM. The care of the diabetic

patient during surgery. In: Alberti KGMM, Zim-
met P, DeFronzo RA, eds. International Textbook
of Diabetes Mellitus. Chichester, England: John
Wiley & Sons Ltd; 1997:1243-1254.

. Lum CT, Sutherland DE, Goetz FC, Najarian JS.

Management of the diabetic patient before, dur-
ing, and after surgery, with special emphasis on
uremic patients and kidney transplant recipients.
Minn Med. 1985;68:693-696.

. Fetchick DA, Fischer JS. Perioperative manage-

ment of the patient with diabetes mellitus under-
going outpatient or elective surgery. Clin Podiatr
Med Surg. 1987;4:439-443.

. Smail PJ. Children with diabetes who need sur-

gery. Arch Dis Child. 1986;61:413-414.

. Toeller M. Alpha-glucosidase inhibitors in diabe-

tes: efficacy in NIDDM subjects. Eur J Clin In-
vest. 1994;24(suppl 3):31-35.

Bailey CJ, Turner RC. Drug therapy: metformin.
N Engl J Med. 1996;334:574-579.

Williams G. Management of non-insulin-dependent
diabetes mellitus. Lancet. 1994;343:95-100.
Saltiel AR, Olefsky JM. Thiazolidinediones in the
treatment of insulin resistance and type Il diabe-
tes. Diabetes. 1996;45:1661-1669.

Groop LC. Sulfonylureas in NIDDM. Diabetes Care.
1992;15:737-754.

Alberti KGMM, Thomas DJB. The management of
diabetes during surgery. Br J Anaesth. 1979;51:
693-710.

Walts LF, Miller J, Davidson MB, Brown J. Peri-

26.

27.

28.

29.

30.

32.

33.

34.

operative management in diabetes mellitus. An-
esthesiology. 1981;55:104-109.

Thai AC, Husband DJ, Gill GV, Alberti KGMM. Man-
agement of diabetes during surgery: a retrospective
study of 112 cases. Diabetes Metab. 1984;10:65-70.
Husband DJ, Thai AC, Alberti KGMM. Management
of diabetes during surgery with glucose-insulin-
potassium infusion. Diabet Med. 1986;3:69-74.
Meyers EF, Alberts D, Gordon MO. Preoperative
control of blood glucose in diabetic patients: a two-
step protocol. Diabetes Care. 1986;9:40-45.
Watts NB, Bebhart SSP, Clark RV, Phillips LS.
Postoperative management of diabetes mellitus:
steady-state glucose control with bedside algo-
rithm for insulin adjustment. Diabetes Care. 1987;
10:722-728.

Pezzarossa A, Taddei F, Cimicchi MC, et al. Peri-
operative management of diabetic subjects: sub-
cutaneous versus intravenous insulin adminis-
tration during glucose-potassium infusion.
Diabetes Care. 1988;11:52-58.

. Raucoules-Aime M, Ichai C, Roussel LJ, et al. Com-

parison of two methods of i.v. insulin adminis-
tration in the diabetic patient during the periop-
erative period. BrJ Anaesth. 1994;72:5-10.
Simmons D, Morton K, Laughton SJ, Scott DJ.
A comparison of two intravenous insulin regi-
mens among surgical patients with insulin-
dependent diabetes mellitus. Diabetes Educ. 1994;
20:422-427.

Milaskiewicz RM, Hall GM. Diabetes and anaes-
thesia: the past decade. Br J Anaesth. 1992;68:
198-206.

Davidson PC. Bolus and supplemental insulin. In:
Fredrickson L, ed. The Insulin Pump Therapy Book:
Insights From Experts. Sylmar, Calif: Minimed
Technologies; 1995:59-71.

ARCH INTERN MED/VOL 159, NOV 8, 1999

2411

Downloaded from www.archinternmed.com on July 10, 2009
©1999 American Medical Association. All rights reserved.

WWW.ARCHINTERNMED.COM


http://www.archinternmed.com

