Consensus of Experts on Physician-Pharmacist
Co-management of Perioperative Blood Glucose

Perioperative dysglycemia includes hyperglycemia, hypoglycemia and blood glucose
fluctuation. On the one hand, perioperative dysglycemia leads to increased mortality, the
incidence of postoperative infection, nonhealing wounds and the duration of hospital stay [!-3],
On the other hand, surgical anesthesia, trauma and other stress can increase the secretion of
insulin antagonist hormones (such as catecholamines, cortisol, etc.), causing elevation in blood
glucose levels. In addition, a complex interplay between perioperative and other factors (such as
sepsis, starvation, high nutritional support, and vomiting) aggravate glucose metabolism
disorders [+,

Diabetes patients were confirmed as high-risk group for perioperative dysglycemia as
compared to non-diabetic patients [, With the increase incidence and prevalence of diabetes
mellitus, the number of people required surgical treatment with diabetes is also increasing in our
country. Therefore, the management of perioperative blood glucose is receiving increasing
attention. The Expert Consensus on blood glucose Management for Chinese inpatients and the
American diabetes association (ADA) recommend that physicians, nurses, pharmacists and other
disciplines jointly manage diabetic patients to promote blood glucose control. Therefore, this
expert consensus intends to summarize the blood glucose management of perioperative patients
in the hospital through the joint discussion of physicians and pharmacists, so as to provide
reference for non-endocrinologists and clinical pharmacists to manage blood glucose, and

provide a reference physician-pharmacist co-management model for perioperative blood
glucose management.

» Physician-Pharmacist co-management for perioperative blood glucose

Hospital inpatients with dysglycemia are mainly diagnosed and treated by endocrinologist.
Surgeons often ignore important issues beyond their professional focus, such as perioperative
hyperglycemia. Most surgeons have insufficient experience in the use of hypoglycemic drugs
(especially insulin), which may lead to untimely or inadequate diagnosis and treatment in
patients with perioperative hyperglycemia. Due to the shortage of medical resources, it is
impossible for endocrinologists to be involved in the management of dysglycemia in each
perioperative patient. The blood glucose management of patients were completed by the medical
staff in their departments. The guidance by specialist doctors was limited.

There were studies shown that physician-pharmacist co-management has a positive impact
on glycemic control and diabetes-related disease maintenance 781, Therefore, the relevant
treatment standards have included pharmacists in the comprehensive treatment of diabetes team.
As the American Diabetes Association (ADA) “the management of diabetic patients” point out:
People with diabetes should receive health care from a team that may include physicians, nurse
practitioners, physician assistants, pharmacists, nurses, exercise specialists, dietitians, dentists,
podiatrists, and mental health professionals. Pharmacists are important members of this
multidisciplinary clinic team [,

With the gradual advancement of clinical pharmacy work in China, clinical pharmacists in
many hospitals in China have successively carried out pharmaceutical services for diabetic
patients, and the benefits for patients have been gradually confirmed [!%!!l. Therefore, the
hyperglycemia management model for inpatients recommended in the 2017 edition of the
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"Expert Consensus on Blood Glucose Management for Chinese inpatients" includes the
consultation professional management model, also known as the diabetes team model, in which
doctors, nurses, pharmacists, nutritionists, etc. are all members of the team. The role of
pharmacists is gradually being concerned and emphasized in China.

The pharmaceutical care services previously provided by pharmacist is in blood glucose
management focus more on the endocrinology department, not widely the surgical field. At
present, the clinical pharmacists working mode of perioperative blood glucose management has
not well formed around China, and the whole process medication management needs to be
improved. Therefore, this consensus intends to establish a physician-pharmacist co-management
model for Perioperative patients with dysglycemia and provide clinical reference. The specific
process is shown in Figure 1.
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Figure 1. Flow chart of the physician-pharmacist co-management mode of perioperative blood
glucose management
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To establish a physician-pharmacist co-management model for perioperative blood glucose
management, a blood glucose of multi-disciplinary team management in-hospital should be
established first, and its members should include endocrinologists, specialist nurses, endocrine
clinical pharmacists, nutritionists. Clinical pharmacists should pay close attention to
medication-related problems, including drug-drug interactions, medication effects ( side
effects and concerns over lack of effectiveness) , medication overuse or omission , medication
errors etc.  (Appendix 1). Clinical pharmacists can serve as a bridge between
non-endocrinologists, endocrinologists, nurses, and patients in the team.

For patients with dysglycemia during the perioperative period, endocrine clinical
pharmacists can fill in the Evaluation Form firstly (Appendix 3), carry out medication
reconciliation and identify the drugs that will affect blood glucose. Then, surgeons determine the
treatment plan (Endocrinologist consultation is recommended if the patient is having acute or
severe chronic complications of diabetes), and fill in the Blood Glucose Control Method Table
(Appendix 4). Clinical pharmacists conduct pharmaceutical care in patients with dysglycemia
(including tracking blood glucose monitoring results (Appendix 5), adverse reactions etc.). In
case of poor blood glucose control or condition changes during the treatment, the clinical
pharmacist will feedback the results to the physician and make adjustment in time. For
discharged patients, clinical pharmacists should provide drug education to improve their
medication compliance (including the use and preservation of insulin and oral hypoglycemic
agents, the prevention of hypoglycemia, etc.).

» Management of perioperative blood glucose

1.Preoperative evaluation

Hyperglycemia was the main dysglycemia in perioperative period. A random blood glucose
concentration of more than 7.8 mmol/L has been regarded as a threshold to consider the
diagnosis of perioperative hyperglycaemia. [12] If the blood glucose level continues to be
significantly higher than this level, it indicates that the risk of perioperative hyperglycemia is
increased. Perioperative hyperglycemia patients mainly include known diabetes patients,
undiagnosed diabetes patients and patients with "stress hyperglycemia". Therefore, it is
recommended to carry out multi-point blood glucose monitoring before and after the operation
for all patients, so as to timely find patients with abnormal blood glucose during the
perioperative period. If conditions permit, the glycosylated hemoglobin level (HbAlc) can be
measured, and the risk factors of abnormal blood glucose management can be evaluated.

1.1 evaluation of blood glucose level: blood glucose monitoring: routine monitoring of
fasting blood glucose before operation, monitoring of postprandial and random blood glucose
when necessary (when blood glucose > 16.7 mmol/L, further detection of blood ketone or urine
ketone, blood gas, blood lactic acid, etc.) '?l; Detection of HbAlc: for patients without previous
history of diabetes, if HbAlc > 6.5% is being increasingly applied in the diagnosis of diabetes, it
indicates that the risk of dysglycemia during perioperative period is high. However, for patients
with diabetes who have been clearly diagnosed in the past, if HbAlc < 7%, it indicates that the
blood glucose control in the last three months is good, and the risk of abnormal blood glucose in
the perioperative period is low [13],

1.2 assessment of risk factors for dysglycemia: for perioperative patients, poor
preoperative blood glucose control, course of diabetes > 5 years, previous history of frequent
hypoglycemia, old age (or life expectancy < 5 years), combined cardiovascular and
cerebrovascular diseases. liver and kidney dysfunction, malignant tumor, severe infection, etc.
are important risk factors for dysglycemia. In addition, the larger the operation, the longer the
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fasting time before the operation, and the stronger the stress, the higher the risk of dysglycemia
in the perioperative period. And the risk of dysglycemia in patients with general anesthesia is
higher than that in patients with local anesthesia or epidural anesthesia [!415],

2. Perioperative blood glucose control objectives

After the above evaluation, patients are managed hierarchically and different blood glucose
control goals are set to achieve individualized management. Perioperative blood glucose
management should try to avoid hypoglycemia and large fluctuations of blood glucose, but it
should not increase the risk of infection and hyperglycemia crisis due to inappropriate and loose
blood glucose management. For the patients with diabetes hyperglycemia crisis (such as diabetes
ketoacidosis, hyperglycemia and hypertonic syndrome), the elective surgery should be postponed.
According to different blood glucose control levels, blood glucose control objectives can be
divided into strict control, general control and loose control [16]. See Table 1 for details. Among
them, the target for general control is 6.1-7.8 mmol / /L for fasting blood glucose or premeal
blood glucose, and 7.8-10.0 mmol / /L for 2 hours postprandial glucose or random blood glucose
when unable to eat.

Table 1. Blood glucose control objectives of each operation during perioperative period

Blood glucose Fasting or 2 hours

control Target Premeal postprandial
layering blood blood glucose or
glucose random blood

glucose when
unable to eat

(mmol/L) (mmol/L)

Elective Major and minor general 6.1~7.8 7.8~10.0
operation operations control
(Preoperative, Organ transplantation general 6.1~7.8 7.8~10.0
Intraoperative control
and Fine surgery (such as Strict 4.4~6.1 6.1~7.8
Postoperative)  plastic surgery) control
Emergency Major and minor Loose 7.8~10.0 7.8~13.9
surgery operations control
(intraoperative  Organ transplantation general 6.1~7.8 7.8~10.0
and control
postoperative)  Fine surgery (such as Strict 4.4~6.1 6.1~7.8
plastic surgery) control
Special groups  patient in severe condition  general 6.1~7.8 7.8~10.0
control
Elderly over 75 years Loose 7.8~10.0 7.8~13.9
old, life expectancy < 5 control

years (such as cancer),
complicated with
cardiovascular and
cerebrovascular
diseases, moderate and
severe liver and kidney
dysfunction, high-risk
group of hypoglycemia,
people with mental or
intellectual disabilities,
and parenteral nutrition

Note: perioperative period: refers to the period from the time when the surgical treatment is
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decided to the end of the treatment related to this operation. Including three stages preoperative,
intraoperative and postoperative. Elective surgery: surgery that can be performed at an
appropriate time after adequate preoperative preparation. Emergency operation: perform the
operation immediately after necessary preparation in the shortest time, otherwise the patient's life
will be endangered. Minor surgery [!7]: that is, surgery with operation time < 1h, local anesthesia
and no fasting. Major surgery ['7): that is, operations with operation time> 1h, spinal anesthesia
or general anesthesia, fasting, such as thoracic and abdominal surgery, craniotomy, amputation,
etc.

2.1 blood glucose control objectives of patients undergoing elective surgery

Patients undergoing elective surgery have different goals for blood glucose control due to
different types of surgery. The general control standard was adopted for the patients who
underwent minor, major operations and organ transplantation. For patients undergoing fine
surgery (such as plastic surgery), blood glucose should be strictly controlled.

2.2 blood glucose control objectives of emergency surgical patients

Because of the emergency situation, it is difficult to intervene the blood glucose level before
emergency surgery, regardless of whether diabetes has been diagnosed or not. However, the
intraoperative and postoperative hyperglycemia should be controlled. For patients undergoing
major and minor emergency operations, the blood glucose control goal should be loosely.

2.3 blood glucose control objectives of severe patients

A large number of evidence-based medical evidence showed that intensive blood glucose
control during perioperative period did not reduce the total mortality and complication rate of
severe patients, but significantly increased the risk of hypoglycemia in severe patients 18201, In
2009the findings of a landmark trial(NICE-SUGAR) showed that intensive glucose control
increased mortality, a blood glucose target of =10 mmol/L resulted in lower mortality than did
a blood glucose target of 4.5-6.0 mmol/L among adults in the ICU. [!°], Both American
Association of Clinical Endocrinologists (AACE) and ADA recommended the target of blood
glucose control for the majority of critically ill patients with hyperglycaemia is 7.8-10.0 mmol/L.
(211, Therefore, for severe patients (patients requiring intensive care or mechanical ventilation),
blood glucose control should not be too strict. For young patients without cardiovascular and
cerebrovascular diseases or liver and kidney dysfunction, the goal of blood glucose control is
general control.

In addition to considering the type of surgery, the age, complications and condition of
patients should be considered comprehensively. For example, for the elderly over 75 years old,
patients with other complications (such as cardiovascular and cerebrovascular diseases, liver and
kidney dysfunction, mental or intellectual disability), or patients at high risk of hypoglycemia
and patients requiring parenteral nutrition, the target value of blood glucose can be appropriately
relaxed.

3. Approaches of glycemic control in the perioperative period

People with diabetes should be scheduled for surgery as early as possible in the morning to
minimize the impact of blood glucose on patients and surgery [22]. Insulin is the mainstay of
treatment for perioperative dysglycemia, the specific management approaches is shown in Figure
2.

3.1 Elective surgery
3.1.1 Major surgery



Both the ADA and SAMBA suggest the use of subcutaneous insulin for non-critical patients
who require major surgery [23l. The more commonly used insulin regimens include the
“basal-bolus” regimen (medium-acting/long-acting insulin before bed combined with
short-acting/rapid-acting insulin before each of the 3 main meals in the day), pre-mixed insulin
or continuous subcutaneous insulin infusion. During fasting, prandial insulin should be
discontinued, while the basal insulin still be in the regimen.

Patients should be treated with a continuous intravenous insulin infusion during the
perioperative period. On the morning of surgery, the morning dose of insulin should be omitted.
An insulin infusion should be commenced prior to the induction of anaesthesia. At present, the
continuous intravenous insulin infusion mostly adopts the dual-channel administration method,
which meaned normal saline + short-acting insulin continuous intravenous infusion in one
channel while glucose (such as 5% glucose solution 100-125 ml/h) is given in another channel.
The advantage with this regimen is its safety. stability and easy dose adjustment!?*. Blood
glucose level (BGL) should be closely monitored in intraoperative period, and the speed of
intravenous insulin administration should be dynamically adjusted according to BGL.
Intravenous insulin may promote potassium from entering cells, which can contributes to
hypokalemia that might lead to intraoperative arrhythmia and even cardiac arrest. Therefore,
attention should be paid to monitoring the serum potassium, and preventive potassium
supplementation can be provided if necessary.

The insulin infusion should be continued for at least 24hrs postoperatively and until the
patients have returned to normal diet [, When the patient returns to a normal diet, we
recommend that the insulin administration transitioning from I'V to subcutaneous

3.1.2 Minorsurgery

For patients whose blood glucose are well controlled (HbA1¢c<7.0%), the original glycemic
control regimen can be maintained when normal diet is possible after minor surgery. Oral
anti-hyperglycaemic medications (AHG) and short-acting/rapid-acting insulin before breakfast are
discontinued the day of surgery, and give half of NPH dose or 60-80% doses of a long-acting
insulin. Patients who use an insulin pump before surgery should receive continuous
subcutaneous insulin infusion at the basal infusion rate during surgery. If stress hyperglycemia
occurs during surgery, subcutaneous rapid-acting insulin should be given (up to a maximum of 6
IU) [26]. When the patient returns to a normal diet, the original glycemic control regimen can be
reinstituted if available and not contraindicated.

If patients have poorly controlled diabetes or have unstable BGLs during the preoperative period,
insulin should be used preoperatively even for minor operations.

3.2 Critically ill patient

Insulin infusion is the first choice for glucose control in critically ill patients 2728, As
critically ill patients are in stable condition postoperatively, transitioning from intravenous to
subcutaneous insulin will be needed when patients returns to a normal diet.

3.3 Emergency surgery

For patients undergoing emergency surgery, blood glucose and ketone bodies should be
tested. Patients with acute complications of diabetes such as ketoacidosis or hyperosmolar
hyperglycemic state are unable to undergo surgery unless their blood glucose under controlled.
Management goals include restoration of circulatory volume and tissue perfusion, resolution of
hyperglycemia, and correction of electrolyte imbalance and ketosis. For patients with
ketoacidosis or hyperosmolar hyperglycemic state, continuous intravenous insulin is the standard
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of care. The recommended starting dose of insulin is 0.1 U-kg-1-h-1. Blood glucose levels should
be monitored every hour during this time. If the blood glucose level does not reduce obviously
within the first hour and dehydration has been substantially corrected, the insulin dose may be
doubled. when the blood glucose level drops below 13.9 mmol/L, the insulin dose is reduced to
0.05-0.1 U-kg-1-h-1 to maintain glucose concentrations between 8.0 and13.9 mmol/L. The
intraoperative and postoperative treatment principles of patients undergoing emergency surgery
are basically the same as those of patients undergoing major surgery, but more close observation
is in need.

Critically
m + Major and minor surgery

patient

* Preoperative period: Subcutancous injection with
basal-prandial insulin or continuous subcutancous
insulin infusion.

Selective | .| major surgery . Intraoperative period: Continuous intravenous
surgery insulin infusion.
. + Postoperative period:  Transition the insulin
administation from IV to subcutancous 24h later
(returns to a normal diet).
Non-critically |-+
il +  Preoperative period: The original glycemic control
patient regimen can be maintained.
tive period:  1f patient’s blood glucose is before
| igh, insulin should be used || discharge
+ Postoperative period: If patient’s blood glucose is and

Adjust
treatment
plan

perioperative
dysglycaemia

* minor surgery

Patient with ‘

high before the patient returns (o a normal diet, provide

insulin should be used. When the patient returns to a medication
normal diet, the original glycemic control regimen education
can be reinstituted.

coperative period: Correct water and electrolyte

dison and admini. insulin intra ¥
* Intraoperative period: Intravenous insulin infusion,
Emergency | * Postoperative period: Transition the insulin
surgery | administation from IV 1o subcutaneous. (Clinical
symptoms ameliorated and digestive tract symptoms
basically disappeared.)

Figure 2 The perioperative glycemic control method
4. Methods of insulin administration

Insulin therapy is the preferred treatment of perioperative hyperglycemic control, and the
classifications and characteristics of commonly used insulin are shown in appendix 2. The
administration routes of insulin mainly include subcutaneous injection and intravenous infusion,
and subcutaneous injection includes multiple daily injections (MDI) and continuous
subcutaneous insulin infusion (CSII).

4.1 Multiple daily injections (MDI) [27:2]

Choice of injection: Perioperative patients with hyperglycemia are recommended with MDI,
a method often adopts the mode that meal-time insulin plus basic insulin ("three-short-one-long"
insulin therapy), and premixed insulin subcutaneous injection. The combination of mealtime
insulin with basic insulin can better control blood glucose and help to shorten the preparation
time before operation and the hospitalization time.

Choice of insulin: the basic insulin includes medium-acting insulin (neutral protamine
Hagedorn (NPH) insulin) and long-acting insulin analogs (e.g., insulin detemir, insulin glargine,
insulin degludec). Mealtime insulin includes short-acting human insulin and quick-acting insulin
(e.g., insulin aspart, insulin lispro). At present, the three-short-one-long program usually uses the
combination of quick-acting insulin with long-acting insulin.

Time of subcutaneous injection: Due to late-onset, short-acting human insulin must be
injected subcutaneously about 30 minutes before a meal in order to make the peak of insulin and
the postprandial blood glucose coincide. Quick-acting insulin can be injected immediately before
or even after the meal. And long-acting insulin usually can be injected subcutaneously once a
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day before bedtime.

Determination of initial dose: Patients who cannot eat normally may be given basic insulin
only. While patients on a normal diet should be given basic and mealtime insulin. The dose of
insulin can refer to the patient's insulin dose out-of-hospital, for patients who do not use insulin
outside the hospital, the total amount of initial insulin can be estimated according to 0.4-0.5 u/kg
-d, of which 50 percent is basic insulin, the other 50 percent is mealtime insulin. For patients
who cannot eat or who eat less than 25¢g of staple food, only basic insulin is recommended.

4.2 Continuous subcutaneous insulin infusion (CSII)

Pharmacokinetics of the insulin pumped into the body is closer to the physiological pattern
of insulin secretion. The blood glucose control time of patients treated with insulin pump is short,
which treatment can shorten the perioperative time of diabetic patients and promote wound
recovery.

Choice of insulin: Only short-acting human insulin or quick-acting insulin can be used in
the insulin pump. And quick-acting insulin is lower-risk to cause catheter occlusion and more
suitable for insulin pump therapy.

Determination of initial dose: Patients who have received insulin treatment can calculate the
dosage based on the insulin amount before treatment with insulin pump. The total daily dose (U)
= pre-pump insulin dose (U) X (70%-100%) . The initial dose of insulin can be calculated as
0.4-0.5 u/kg'd for the patients who have not received insulin therapy. The daily basic insulin
infusion and three pre-meal insulin doses both accounted for 50%. The specific dose may depend
on the control of patient's blood glucose.

4.3 Intravenous infusion of insulin

The intravenous use of insulin takes effect quickly, and is convenient to titrate the dose,
which is beneficial to reduce the fluctuation of blood glucose. At present, CSII with micro-pump
is widely used in clinical practice.

Choice of insulin: The intravenous use of insulin can choose short-acting insulin or
quick-acting insulin. Short-acting human insulin is generally preferred because it is easier to
dispense.

Preparation of insulin with micro-pump: 50U short-acting insulin injects into 49.5 ml
normal saline to the concentration of 1 U/ml.

Preparation of insulin in common intravenous infusion set: 25U short-acting insulin injects
into 250 ml normal saline to the concentration of 0.1 U/ml.

Determination of initial infusion rate: if the patient has used insulin < 24 U/d, the initial rate
of insulin with pump should be 0.5 ~ 1 U/h, if the patient has used insulin > 24 U/d, the initial
rate of insulin with pump should be 1 ~ 2 U/h, and the rate of insulin infusion should be adjusted
according to the monitoring of blood glucose during the period 3!).Details about the rate of
insulin infusion in patients with ketoacidosis are included in the emergency operation part of the
method of perioperative blood glucose control.

4.4 How to switch from intravenous use of insulin to subcutaneous use of insulin

When switching from continuous intravenous infusion to intermittent subcutaneous
injection after surgery, subcutaneous insulin doses are determined based on the rate of the most
recent stable insulin infusion and the state of dietary condition at that time. For example, the
average infusion rate of insulin in the recent 6-8 hours X 24 hours = the total insulin amount of
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the whole day, then 80 percent of the total amount serves as the initial total dose, one half of each
is used for basic and pre-prandial insulin dose (the specific dose should be adjusted according to
the individual patient's diet) 3. Medium-acting and long-acting insulin should be injected
subcutaneously about 2 hours before stopping intravenous insulin infusion, and short-acting or
pre-mixed insulin should be injected subcutaneously 30 minutes before stopping intravenous
insulin infusion. And it is better to switch from intravenous use of insulin to subcutaneous use of
insulin at mealtime, such as at breakfast or at lunch.

5. Perioperative glucose monitoring
5.1 Method of glucose monitoring

Fingertip blood glucose monitoring (capillary blood glucose) is recommended in generally
healthy patients, while arterial/venous blood gas monitoring may be considered, if necessary, in
critically ill, use vasopressor, or hypotensive patients [!4],

5.2 Monitoring frequency
5.2.1 Frequency of blood glucose monitoring with intravenous insulin

Check blood glucose levels every hour and the frequency of monitoring should be increased
for patients with blood glucose <6.0 mmol/L or a sharp drop in blood glucose. If blood glucose <
3.9 mmol/L, it is recommended to monitor blood glucose every 10-15 min until blood glucose >
4.0 mmol/L. [?2]

5.2.2 Frequency of blood glucose monitoring with subcutaneous insulin

For patients with a normal diet, monitoring with 7-point glycemic profiles (before breakfast,
2 h after breakfast, before lunch, 2 h after lunch, before dinner, 2 h after dinner, and before
sleeping). Check blood glucose levels every 4-6 hours for fasting patients. 33!

6. Prevention of hypoglycemia

For non-diabetic patients, the diagnostic criterion for hypoglycemia is blood glucose <2.8
mmol/L, while the blood glucose level <3.9 mmol/L is in the category of hypoglycemia for
diabetic patients [**]. Moderate hypoglycemia (2.3-3.9 mmol/L), especially severe hypoglycemia
(<2.2 mmol/L), could greatly increase the mortality of patients in the perioperative period.

Clinical manifestations of hypoglycemia: it could be manifested as palpitations, tremors,
nervousness, palpitation, irritability, anxiety, and other symptoms of sympathetic excitation, and
changes in consciousness, dizziness, unresponsiveness, cognitive impairment, coma, and other
central nervous system symptoms. Different patients have different feelings when hypoglycemia
occurs. Therefore, when the patient feels any discomfort, it is recommended to monitor blood
glucose immediately to avoid the occurrence of hypoglycemia.

For patients who cannot take insulin orally and give it intravenously, when the blood
glucose of the patient is <6.0 mmol/L, the infusion rate should be reassessed and the drip rate
adjusted. When the blood glucose is <3.9 mmol/L, the intravenous infusion of insulin should be
stopped, and 75-100 ml of 20% glucose should be given intravenously for 10-15 minutes, and
then the blood glucose should be monitored until the blood glucose is >4.0 mmol/L. Intravenous
insulin should be restarted after blood glucose > 4.0 mmol/L and 100 ml/h of 10% glucose
should be given (The discontinuation of intravenous insulin infusion is generally not more than
20 minutes. Because the half-life of intravenous insulin is very short, about 7-8 minutes,
restarting the use of insulin as soon as possible can reduce the risk of ketosis).[26:27:331

For conscious patients who could intake, when blood glucose is <3.9 mmol/L, immediately
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take 15-20 g of sugary foods (such as 2-5 glucose tablets) orally, and check blood glucose every
15 minutes until blood glucose rises to 4 mmol/L. After oral sugar food for three times,
150-200ml of 10% glucose can be given if the blood glucose is still <3.9 mmol/L. When the
blood glucose is >4.0 mmol/L, but more than 1h before the next meal time, starch or
protein-containing food can be given.

For patients with impaired consciousness, intravenous bolus 20-40 ml 50% glucose or
intramuscular 0.5-1.0mg glucagon, and check blood glucose every 15 minutes until blood rising
to 4.0 mmol/L. When the blood glucose is >4.0 mmol/L and the patient is conscious, 10%
glucose 100 ml/h or oral starch or protein food can be given. In patients with hypoglycemia,
blood glucose should be monitored for at least 24 to 48 hours. B34

7. Nutritional therapy in the perioperative period

Nutritional support is an important part of perioperative management 3¢, Current evidence
suggests that reasonable nutritional support in the perioperative period can reduce the
decomposition state of patients, facilitates early departure of patients from inpatient beds and
recover as soon as possible. In addition, the incidence of postoperative complications and the
risk of infection are significantly reduced 71,

Diabetes mellitus is a risk factor for malnutrition and poor clinical outcomes. We
recommend using the Nutritional Risk Screening Form 2002 (NRS 2002) for preoperative
assessment. Nutritional support plan should be formulated if the risk of malnutrition is found by
the NRS 2002. The target energy requirement of patients in the perioperative period is about
25-30 kcal/kg-d. A permissive low intake strategy that in a short period to reduce the total energy
to 20 -25 kcal/’kg-d should be accepted for patients whom with diabetes mellitus or major
surgical operations during parenteral nutrition 3%, We recommend that the total energy intake
should follow the principle of a balanced diet, of which 45-60% comes from carbohydrates,
25-35% comes from fat, and 15-20% comes from protein.

Enteral nutrition has a lesser effect on blood glucose metabolism than parenteral nutrition
(391, Enteral nutrition can be the preferred method of nutritional support for patients with
dysglycemia during perioperative period. Early enteral nutrition is beneficial to reduce insulin
resistance and control hyperglycemia. Studies have found that taking a certain amount of
carbohydrates orally before surgery has lower insulin resistance than patients who fasted
overnight [4°1. For perioperative patients, enteral nutrition can be implemented 24 to 48 hours
after surgery as long as the internal environment is stable. Diabetic patients can choose enteral
nutrition preparations suitable for diabetes.

Parenteral nutrition can be implemented for patients who cannot receive enteral nutrition.
The appropriate ratio of glucose to energy is 50-60%, and the infusion rate should be controlled
below 4 mg/(kg-min). For example, glucose should be routinely supplemented after surgery for
patients who have undergone large and medium-sized complex surgeries or critically-ill. These
patients can be infused with glucose solution 5-10 g/h (postoperative daily glucose is not less
than 150 g) to supplement energy, reduce body fat and protein breakdown for energy supply to
prevent ketoacidosis and hypoglycemia (%3], The glucose infusion should be neutralized by
short-acting insulin (the ratio of glucose to insulin is about 3 ~ 4:1). The intravenous infusion of
glucose can be discontinued when the patient resumes the diet and can obtain sufficient
carbohydrates from food.

» Summary
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Well glycemic control in the perioperative period is significance to improving the prognosis
of patients. The management of blood glucose in perioperative patients can be strengthened
through the physician-pharmaceutical co-management model in clinical practice. Individualized
blood glucose control goals and treatment plans should be formulated according to the type of
surgery and the specific conditions of the patient. Strict blood glucose monitoring should be
carried out to avoid hypoglycemia and large fluctuations in blood glucose as much as possible
during blood glucose management. Insulin is the first choice for perioperative blood glucose
control. Multiple subcutaneous injections of rapid-acting insulin combined with long-acting
insulin are the first choice before surgery, and regular insulin-glucose continuous intravenous
infusion is selected during surgery (postoperative insulin infusion time should be more than 24 h)
for non-critically-ill patients when they undergoing major surgery. Continuous short-acting
insulin-glucose intravenous infusion during the perioperative period is the most effective and
preferred method for critically-ill patients.
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Appendix 1 Effects of perioperative medication on blood glucose

Drugs that can affect blood glucose in the perioperative period include anesthetics,
glucocorticoids etc(Appendix 2). Anesthetics affect blood glucose control adversely, but different
anesthetics have different effects on blood glucose. Among them, diethyl and ethyl chloride had
a greater effect on blood glucose, while etomidate and propofol had less effect on blood glucose.

Drugs can also enhance or weaken the hypoglycemic effect through interaction with
hypoglycemic drugs. For example, anticoagulants, non-steroidal anti-inflammatory drugs,
sulfonamides, and methotrexate can compete with insulin for binding to plasma proteins, which
can increase the level of free insulin in the blood, enhance the hypoglycemic effect.
Beta-adrenergic receptor blockers (such as propranolol) can prevent adrenaline from raising
blood glucose and interfere with the body's ability to regulate blood glucose. Concomitant use
with insulin increases the risk of hypoglycemia.

Appendix 1. Drugs that affect blood glucose

Thiazide diuretic

Quinolone
(gatifloxacin)

Antipsychotics
(Clozapine,
Olanzapine)

Octreotide

Asparaginase
Thyroid gland
hormone

Progesterone(oral
contraceptive)

Non-selective beta
blockers

Hypokalemia and hypomagnesium decrease secretion of insulin
Inhibition of the ATP-sensitive potassium channels in islet
B-cells, increases the release of islet B-cells, and induces B-cell
vacuolar degeneration and decrease insulin secretion

Antagonize serotonin receptors and reduce islet B-cell reactivity

Inhibition of growth hormone. glucagon and insulin. Delay
gastric emptying and slow down gastrointestinal peristalsis
Deficiency of asparagine decrease insulin receptor synthesis

Promotion of human catabolism, which lower insulin levels

Inhibition of glucose uptaken by fat and muscle,;reduce the
utilization of glucose by cells, and increase the secretion of
glucagon by islet alpha cells

Interference of glycemic response, hinder decomposition of liver
glycogen, cover up the alert symptoms of hypoglycemia, such as
palpitations, sweating and other reactions

Types of drugs Mechanism Effects on blood glucose
Stimulation of hepatic gluconeogenesis and inhibition of
Glucocorticoid periph;rgl tissues take .in. and utilize -gllucose, it also has Hyperglycemia
"permissive" and "synergistic" effect on raising blood glucose of
Glucagon, Epinephrine, Growth hormone
Anesthetics Inhibition of the sympathetic nervous system and suppression of o I .
(ether/chloroethane)  insulin secretion yperglycemia
Inhibition of the uptake of glucose by fat and muscle, and
Growth hormone the glucose used by cells, increased the secretion of glucagon by Hyperglycemia
islet cells
Tacrolimus Tacrolimus. cyclosporine have direct toxicity on islet 8 cells, and Hyperg.l yeemia .
. . . . (Tacrolimus>Cyclosporine
Cyclosporine increase islet cell apoptosis

)
Hyperglycemia

Hypoglycemia or
Hyperglycemia

Hyperglycemia(Risperido
ne and Haloperidol are not
prone to diabetes)

Hypoglycemia
Hyperglycemia

Hyperglycemia

Hyperglycemia

Hypoglycemia
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Appendix 2 Classification of Insulin

According to the source and chemical structure, insulin is divided into animal insulin,
human insulin and insulin analogs. According to the speed of onset of action, insulin can be
divided into fast-acting insulin analogue, short-acting insulin analogue, intermediate-acting
insulin analogue, long-acting insulin analogue and premixed insulins See Appendix 2 for details.
The availability of insulin analogs is similar to human insulin. But insulin analogs are superior to
human insulin in mimicking physiological insulin secretion and reducing the risk of
hypoglycemia.

Appendix 2. Comparison of Action Characteristics of Commonly Used Insulin

Preparations in China

) Appeara Action time Administration Supc_utapeous
Type Type of Insulin ) injection
nce Onset | Peak | Duration route time
Insulin Lispro 10-15min| 112 | 45h .
h injected
subcutaneous  [immediately before
rapid-acting Insulin Aspart clear |10-15min| 1-2 h 4-6 h injection,insulin |meals, administered
pump,intravenous | immediately after
Prandial meals if necessar
insulin Insulin Glulisine 10-15min| 1-2 h 4-6 h y
Recombinant Human
Insulin subcutaneous
short-acting Human Biosvnthetic clear |30-60min| 2-4 h 5-8 h injection,insulin | beforethe meal30min
Insulix pump,intravenous
intermediate Protamine Zinc before
. Recombinant Human | cloudy | 2.5-3h | 5-7h | 13-16h subcutaneous
-acting - sleepsubcutaneous
Insulin
basal Insulin Glargine clear 2-3h | None | Upto30h
insulin | Jong-acting subcutaneous before
sleepsubcutaneous
Insulin Detemir clear 3-4h |3-14h| Upto24h
| Ultra . Insulin Degludec clear - None | Up to42h subcutaneous Flexible injection
ong-actin
Prem%‘jgoH”magOgS“"” cloudy | 30 min |2-12h| 14-24h
~ or before meal30
min
Premixed Human Insulin 30 min | 2-8h 10-24h
50R
Premixed Insulin Aspart .
premixed 30 10-20min| 1-4h | 14-24h subcutaneous
Premixed Insulin Lispro . 30-70 . injeCtEd
X uiin L1sp 15 min . 16-24h immediately before
25 min 7
meals, administered
Premixed Insulin Lispro . 30-70 immediately after
50 15min | "y | 16-24 meals if necessary
Premixed Ig;ulm Aspart 10-20min| 1-4h 16-24h
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Appendix 3

Assessment Form

Patients’ basic information

Medical record number Name Sex Department Bed No.
Diagnosis Height/Weight/Waistline BMI

Management condition of blood glucose

Fasting blood glucose Blood glucose 2h after breakfast Blood glucose before lunch
Blood glucose 2h after lunch Blood glucose before dinner Blood glucose 2h after dinner
Blood glucose at bedtime HbA .

Whether it is diabetes OYes ONo Type of diabetes  OTypel OType2

Course of diabetes History of hypoglycemia

Assessment of complication

Blood pressure LDL-C TG Cr AST ALT
WBC NET

Whether it is combined with cardiovascular diseases OYes ©ONo

Surgery size Omajor surgery O Minor surgery O Plastic and other delicate surgery
Whether the surgery requires fasting OYes 0ONo Fasting time

Anesthesia 0O General anesthesia O Local anesthesia or spinal epidural anesthesia

Control goal of blood glucose

O General (fasting or preprandial blood glucose: 6.1-7.8 mmol/L;
postprandial orrandom blood glucose when unable to eat: 7.8-10.0 mmol/L )

O Strict (fasting or preprandial blood glucose: 4.4-6.1 mmol/L;
postprandial or random blood glucose when unable to eat: 6.1-7.8 mmol/L)

O Loose (fasting or preprandial blood glucose: 7.8-10.0 mmol/L;

Postprandial or random blood glucose when unable to eat : 7.8-13.9 mmol/L)
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Appendix 4

blood glucose control methods

non-cr
iticall
y-ill
patien
ts

oBiosynthetic human oLow protamine
insulin + basal zinc human insulin
subcutane | Prandial | ORecombinant insulin olnsulin detemir
ous insulin Human Insulin (Preferre alnsulin glargine Dose_
injection | (pragerrg (Subcutaneous q olnsulin degludec
. (Pra n dial d injection 30 minutes long-acting ( subcutaneo
insulin rapid-acti be_fore r_neals) ) us injection
+basal oinsulin aspart .
Prlinsulin ng) olnsulin lispro at bedtime)
) €01 (preferred) or olnsulin glulisine
majo | pe . . . N .
. rat premixed insulin (Inject immediately
surge | iv before meals)
ry € opremixed insulin aspart 30
opremixed insulin lispro 25
premi | opremixed insulin aspart 50 Dose_
xed opremixed insulin lispro 50
insuli | opremixed human insulin 50
n opremixed human insulin 30
short/ra | oBiosynthetic human
pid-acti | insulin
Insulin ng oRecombinant Human| Base rate_ | Dose before morning/noon/dinner|
Pump insulin Insulin . .
( Prefe oinsulin aspart
Olnsulin lispro
rred . .
- .| oInsulin glulisine
rapid-acti
ng)
Intravenous insulin infusion (Preferred short-acting) oRecombinant Human Insulin  oBiosynthetic
Int human insulin
ra oinsulin aspart
op olnsulin lispro
er olnsulin glulisine
atl | Preparation of Insulin Micropump: insulin 50 U+NS 49.5 ml (concentration 1U/ml) pump speed:
V€ | Common preparation of insulin for intravenous administration: insulin 25U+NS250ml
(concentration 0.1U/ml) Speed of intravenous infusion:
pos| Insulin intravenous infusion for at least 24 hours. After returning to diet, change to subcutaneous
top| injection Program:
erat
ive
Pr | o original program
€0 | osubcutaneous insulin Program:____
pe | injection
mino | rat
r iv
surge | e
ry Int | If blood glucose is high, oinsulin aspart oInsulin lispro OInsulin glulisine
ra | subcutaneous ORecombinant Human Insulin ~ o0Biosynthetic human insulin Dose_
op | short/rapid-acting insulin
er | (rapid-acting preferred)
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ati

ve
Before recovery diet: high blood glucose, subcutaneous Program: _ Dose_

po | short/rapid-acting insulin

sto - - - —

pe After resuming the diet, switch to the original treatment program Program___

rat

iv

e

o Recombinant Human Insulin cBiosynthetic human insulin

critica | Preoperativ oinsulin aspart  olnsulin lisproolnsulin glulisine
lly-ill | eand o Intravenous insulin Preparation of the micropump:human insulin 50U+NS49.5ml  pump
patien | intraoperati | infusion speed: Insulin intravenous infusion rate:
ts ve

postoperativ| The intravenous infusion of insulin can be switched to subcutaneous insulin when the condition of
e patients is stable and the diet resumes Program__
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Appendix 5
Blood Glucose Monitoring and Tracking Table

6:00 9:00 11:00 | 14:00 | 17:00 | 20:00 9900
Date Before After Before | After | Before | After Be foré slee medication
breakfast | breakfast | lunch | lunch | dinner | dinner P regimen
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