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ABSTRACT

Backsround: Approximately 50Yo of diabetic patients undergo some type of surgery

during their lifetime. The surgical stress response has a significant effect for the diabetic

patient due to the altered metabolism associated with the disease. The goal of

perioperative management is to achieve a state of glycemic control. A review of the

literature identif,red six principles, which according to Stagnaro-Green enhances the

perioperative management of the surgical diabetic patient. These principles are: 1)

monitoring of blood glucose levels frequently,2) optimizing glucose control

preoperatively, 3) clarifu the type of diabetes, 4) schedule all cases early in the morning,

5) perform a thorough cardiovascular exam, 6) perform preoperative laboratory

evaluation such as blood glucose, electrolytes, urinalysis and electrocardiography.

Objective: To evaluate perioperative care of diabetic patients according to the Stagnaro-

Green principles.

Settine and Participants: A retrospective chart review of the health records of 74 diabetic

patients admitted to an urban community hospital for day surgery or overnight admission

for a variety ofsurgical procedures.

Results: Only 4'/o of patients had intra-operative blood glucose measurements performed;

62Yohad pre-admission blood glucose measurements performed;5IYo did not have type

of diabetes clarified; 49o/o werc scheduled early in the mornin g; 98% underwent a history

and physical examination; laboratory investigations were not performed consistently.

Conclusion: There was inconsistent adherence to the principles. Most notably, infrequent

monitoring of blood glucose levels during the perioperative period, def,rciency in

clarifying type of diabetes and preoperative laboratory evaluation was not done

consistently. Perioperative care of the diabetic patient would be improved by more

consistent adherence to these principles.
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CHAPTER I

INTRODUCTION

The Diabetes Burden of Illness Study @epartment of Health, Manitoba

Government, 1991) has reported Diabetes Mellitus as a major health burden with an

estimated cost to the economy of $2.5 billion per year. In Manitoba, statistics up to 1991

indicate 47,890 adults over the age of 25 years (6.7 % of the adult population) have been

diagnosed with diabetes. Approximately 4,000 adults, or 0.6 % of the adult population

are diagnosed with diabetes each year. The number of adults in Manitoba with diabetes

has increased by 17,000 since 1986. The prevalence of diabetes increases with age and is

slightly more coñtmon in men than women(7%vs.6.40/o). Overall, 1.5 million

Canadians know they have diabetes. Another 50 % have it but do not know. It is

estimated that one in four previously undiagnosed individuals with diabetes will have his

or her diabetes discovered perioperatively (Byyny, cited in Haire-Joshu 1996, p. 450).

By the year2004,one in four Canadians over the age of 45 is projected to have diabetes

(Chatwell, 1997).

Diabetes Meltitus is a disorder of insulin deficiency or resistance that is

characterized by hyperglycemia and is associated with derangement in carbohydrate,

protein, and fat metabolism (Davis & Lewis, 1991). It is usually classified into two

categories, Type I or Type 2. In Type l, the pancreas produces no insulin and there is a

propensity for the development of ketoacidosis. Type 1 diabetes mellitus is believed to

result from the destruction of pancreatic beta cells by an autoimmune process (Loughran

& Giesecke, cited in Applebaum, 1988, p.102). Insulin is required from the onset of the

disorder. Type2 is generally charactenzed by a gradual decrease in beta cell function

with different degrees of peripheral insulin resistance, which is further enhanced by
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obesity (Applebaum, 1988; Stoelting & Dierdorf, 1993). Many patients with Type 2

diabetes have an insidious onset of hyperglycemia and may be relatively asymptomatic

initially, resulting in lack of identifrcation of the disease (Karam, cited in Greenspan &

Strewler, 1997,p.613). Type 2 diabetics may be able to control their glucose levels with

diet and exercise. If necessary oral hypoglycemic agents (OHA's) or insulin may be

prescribed (Saltiel-Berzin,1992). Individuals with diabetes may be described as insulin

dependent diabetes mellitus (IDDM) or non-insulin dependent diabetes mellitus

(NIDDM). This terminology denotes treatment not pathogenesis. People with diabetes

are likely to develop blindness, renal failure, cardiovascular disease, and gangrene that

may necessitate amputation, or experience a cerebral vascula¡ accident (CVA). In

Manitoba approximately 27% of hospitalizations for cardiovascular disease and24%o for

CVA occurred among people with diabetes. Coronary heart disease is the leading cause

of death in patients with Type 2 diabetes (Karam, cited in Greenspan & Strewler,1997,

p.658).

The greatest challenge, in terms of perioperative management for the healthca¡e

team, is the patient with diabetes. Two reasons for this are: 1) the occurrence of the

metabolic stress response associated with the surgical experience, which has more

significant effects for the diabetic patient due to the altered metabolism associated with

the disease , arrd2) complications from diabetes such as coronary atherosclerosis. It is

important, therefore that nurses and others in the healthcare team understand the

pathophysiology of the disease and its complications in order to use a scientifically sound

regimen for the perioperative management of this group of patients (Milaskiewicz &

HalI,1992). Assessment of the patient's health status prior to surgery and achievement of

glycemic control in the perioperative period through safe and efficient standards of

practice are important to reduce morbidity and mortality in this patient population.

In recent years, the shift from inpatient to ambulatory (outpatient) day surgery
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with patients being admitted on the day of their surgery has presented new challenges for

hospital staff. This change in practice not only gives more responsibility to the healthcare

team but also to the individual patient. There are special challenges in enabling

medically compromised patients, such as those with diabetes, to be properly prepared for

surgical procedures. Nurses are often in communication with patients before they arrive

in the day surgical unit and therefore have the opportunity not only to provide

preoperative advice on how to avoid perioperative hypoglycemia (e.g., by not taking

OHA on the morning of surgery), but also to make sure no relevant information

(allergies, other medications) have been overlooked. It is clear that in order to promote

the achievement of a beneficial outcome of the day of surgery, it is necessary for nursing

staffto take an especially active role in patient education not only preoperatively, but

throughout the entire perioperatve period (Ratner, cited in Joshu-Haire,1996,p-23).

BACKGROUND OF THE PROBLEM

Approximately 50%of individuals with diabetes will undergo some type of

surgery in their lifetime (Levin & O'neal, 1988, cited in Terranova,199I, p. 20)' The

morbidity and mortality rates during the perioperative period are greater in the diabetic

patient compared with the non diabetic patient (Gavin, 1992). The patient with diabetes

is at a higher risk for surgery because ofthe adverse pathological changes caused by the

disease on different systems of the body. Changes in the macrovascular system leads to

the premature development of atherosclerosis with complications including coronary

artery disease, cerebrovascular accident, uncontrolled hypertension and renal

insufficiency (Applebaum, 1988). It is now thought that the presence of associated

complications is a greater haznd.during anaesthesia and surgery than the diabetes itself

(Lin & Roizen, 1988; Scherpereel, 1990 cited in Milaskiewicz &HalI,1992). Patients
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with impaired renal function secondary to diabetes are prone to fluid and electrolyte

imbalance, dehydration and obtundation (Canol &.Matzs,1982; Clements & Vourganti,

IgTg,cited in Gavin, 19S9). Microvascular disorders include nephropathy, retinopathy,

autonomic and peripheral neuropathy. The combination of atherosclerosis and impaired

pain perception due to autonomic neuropathy makes the patient with diabetes particularly

susceptible to painless myocardial ischemia (Rozien, 1984, cited in Applebaum, 1988).

The patient with diabetes has a greater propensity for impaired wound healing

(Terranova, 1991), particularly when blood glucose levels are higher than 200 mg/ dL or

11.0 mmol/litre (L) (Hirsch, McGill, cryer & white, 1991). This is due to decreased

collagen synthesis. Factors that interfere with collagen synthesis in diabetes include

obesity, hyperglycemia, insulin resistance and depressed leukocyte function (Schitr&

Emanuele, 1995). This pa:tient population is more at risk for development of infection in

the postoperative period than the general population (Terranova, 1991) and there is a

greater potential for the occurrence of urinary tract infection, pneumonia and other

systemic infections in this time period (Larkin, Frier & Ireland, 1985; Lilienfeld, Vlahov,

Tenney et al., 1988 cited in Gavin, 1989).

Another reason that patients with diabetes are placed at greater risk for surgery is

their propensity for metabolic decompensation (Schade, 1988). The regulation of

metabolic homeostasis under usual conditions is the result of a balance between insulin

(the primary anabolic hormone) and the counter-regulatory hormones (those with chiefly

catabolic effects), which include epinephrine, glucagon, cortisol and growth hormone

(Hirsch, cited in Haire-Joshu, 1996). Table 1 (see appendix I) presents an overview of

these relationships. The combination of fasting, anaesthesi4 and the stress of surgery

produces a pronounced catabolic response, with an associated relative decrease in insulin

secretion (Hirsch , in Haire-Joshu, 1996). In this situation, stress induced hyperglycemia

may be present even in non-diabetic patients (Shamoon, Hendler & Sherwin, 1981 in
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Schade 1988). See figure 1, appendix I for factors resulting in hyperglycemia during

surgery. Thus, in the patient with diabetes who is unable to secrete enough insulin,

unrestrained catabolism may be present with increased hepatic glucose production

(glycogenolysis and gluconeogenesis), lipolysis and ketosis, proteolysis and decreased

glucose utilization (Hirsch, in Haire-Joshu, 1996). One reason blood glucose control in

diabetic patients may be particularly sensitive to emotional upset is that their pancreatic A

cells are hypenesponsive to physiologic levels of epinephrine, producing excessive levels

of glucagon with consequent hyperglycemia (Karam, cited in Greenspan & Strewler,

!997, p. 633). Table 2, appendix II summarizes the endocrine and metabolic responses to

surgery in the patient with diabetes. Insulin administration may be required to maintain

glucose homeostasis. See figure 2, appendix III for beneficial effects of insulin.

The extent of the derangement and endocrine response appears proportional to the

severity and magnitude of the sftess, the type of surgical procedure (minor versus major)

whether or not the patient received a general anaesthetic versus a regional or local

technique and the duration of fasting (Gavin, 1989). For example, patients undergoing

vitrectomy or minor hand surgery demonstrated an increase in growth hormone, but

glucagon levels remain unchanged indicating the minor nature of the procedure

(Christiansen et al , 1988). It is also noted that epidural (regional) anaesthesia has

minimal effects on glucose metabolism as compared to the effects of a general

anaesthesia (Brandt, Kehlet, Binder, et al, cited in Gavin, 1992). It is thought that the

absence of stress induced hyperglycemia occurs in regional anaesthesia because newal

afferents from the site of tissue injury are blocked, and increases in plasma,

norepinephrine, growth hormone, and cortisol do not occur (Pflug, A. E. & Halter, J. 8.,

I 98 1).

It is difficult to achieve glycemic control for the diabetic patient because of the

altered metabolism associated with diabetes and the different factors related to the
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surgical experience. A review of the literature identified six principles, which according

to Stagnaro-Green (1991) and others enhances management of the surgical diabetic

patient. These principles are: 1) Monitor glucose frequently. This requires having

blood glucose levels done pre, intra and postoperatively until the patient is able to eat.

Assessment of glucose levels alerts the healthcare team that corrective action may be

needed. 2) Optimize glucose control preoperatively. Better control of the glucose

level in the day(s) prior to surgery results in perioperative levels that are more easily

controlled. However, this goal requires the patient's cooperation related to such factors as

following the diabetic diet, exercise, and taking their medication as prescribed.

3) Clarify the type of diabetes prior to surgery. In order that appropriate perioperative

management is instituted it is imperative to determine if the patient is a Type 1 or a Type

2 diabetic. The patient with Type I diabetes is prone to develop diabetic ketoacidosis

due to absolute lack of insulin production. The patient with type 2 diabetes has enough

insulin to prevent ketoacidosis, even when insulin production is severely restricted. This

patient is susceptible to the development of nonketotic, hyperosmolar diabetic coma

(Benz, 1990). 4) Schedule all elective cases for early in the morning. The diabetic

patient should be scheduled as the first case of the day to minimize the metabolic effects

of fasting by reducing the duration of the fast. 5) Perform a thorough cardiovascular

examination preoperatively. It is well recognized that diabetic patients have a higher

incidence of systemic arterial hypertension and that diabetes causes changes in the micro

and macro circulation of the heart, kidney and the central, autonomic, and peripheral

nervous systems (Gilbert, 1991). Some authors consider a sixth principle to be pre-

operative laboratory evaluation of patients with diabetes mellitus which should

include blood glucose, electrolytes, blood urea nitrogen and creatinine, urinalysis, and

electrocardiography (Gilbert, 1991 ; Schiff & Emanuele,l99l) .

The major controversy surrounding surgery and diabetes concems the route of
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insulin administration for the patient. The overall aim of therapy should be to avoid hypo

or hyperglycemia, electrolyte imbalance and undue protein catabolism (Alberti & et al,

lg82). Hypoglycemia during anaesthesia may go undetected and result in permanent

neurologic damage. Hyperglycemia can result in polyuria, (and attendant electrolyte

imbalance), increased risk of infection, and delayed discharge from the hospital. A

review of the literature identified four regimens recommended for the perioperative

management of the insulin dependent diabetic which are summarized as follows: 1) No

insulin or glucose on the day of surgery. 2) Give 1/3 -ll2 of the patient's usual dose of

intermediate insulin subcutaneously (s.c.). 3) Use of a continuous intravenous insulin

infusion or an infusion of glucose, insulin and potassium (GIK). 4) Give insulin by a

single intravenous bolus (Milaskiewicz & Hall, 1992).

In reviewing the medical literature there is a paucity of large scale prospective

studies comparing the efficacy of the different glycemic regimens. Canadian research

based studies are notably absent from the literature. Most of the studies identified

focused on inpatients having major surgery versus outpatients having minor surgery.

Adequate glycemic control in the studies reviewed was defined as a blood glucose level

of between 5-12mmol/L. This may be viewed by some as "tight control" of blood

glucose levels and perhaps is not necessary in the well controlled diabetic patient

undergoing a minor surgical procedure.

Opinions also vary regarding the perioperative management of the Type 2 patient

who is being treated with OHA's or insulin. Debate centres on whether or not patients

taking OHA's should be administered insulin intraoperatively, the route of

administration, the dosage of insulin and the level of glucose control to be achieved

(Alberti, l99l;Hirsch, 1992). Opinions differ on whether or not the Type 2 patient

should take or withhold their OFIA on the morning of surgery (Hirsch 1996) and if it is

withheld, over what time period. For example some authors suggest that long acting
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(Alberti, l99I; Hirsch & McGill 1990) but some recommend stopping it 36 hours

preoperatively (Podosky, 1982). In regard to the Type2 patient being treated with

insulin, opinions again differ on route of insulin administration (Alberti, I 991 ; Gavin,

1992; Hirsch & McGill, 1990, Stagnaro-Green, 1991). Recommendations regarding

management depend on whether or not the patient is having minor surgery versus major

surgery and ifthe patient is given a general anaesthetic versus a regional technique.

STATEMENT OF THE PROBLEM

Approximately four to five years ago most diabetic patients scheduled for surgery

were admitted to hospital one to two days prior to their surgery for the purpose of

evaluating their health status and to optimize the patient's blood glucose level. With the

increase of outpatient surgery programs and the increasing practice of admiuing patients

the morning of their sugery new ways of providing care to this patient population must

be instituted. Diabetic patients scheduled for outpatient surgery or post operative

admission (POA) basis (admitted day of surgery and stays overnight) require a means of

having their health status assessed prior to the procedure. Since diabetic patients require

a health status assessment prior to their operative procedure, hospitals should have

specific guidelines established for the management of this cohort of patients. Educational

information and psychological support is required to make the patient's surgical

experience less stressful. Prevention of psychological upset is very important in the

control of diabetes, especially when the disease is difficult to stabilize, (Karam, cited in

Greenspan & Strewler, 1997, P. 633).

Through personal clinical experience as a preanaesthetic nurse clinician the writer

was made aware through questions asked by the diabetic patients that there was certain
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information that patients wanted. Questions that patients being treated with insulin

commonly asked were: 1) should they take or not take certain medications prior to

surgery? 2) should they inject their insulin prior to coming to the hospital? 3) would an

intravenous be started on arrival to the ward, 4) would their "blood sugars be checked"

during the operation? With the increase in day surgery plograms and the changing

practice of admitting patients the morning of surgery instead of the evening before,

hospitals must find ways to meet the needs of these patients. Hospitals may have the

patient seen in a preoperative assessment clinic prior to their surgery or have a nurse

contact the patient and conduct a telephone interview to determine the patient's clinical

status. Based on the nurse's assessment, the patient may be referred for further

evaluation.

In summary, preparing the patient with diabetes for surgery involves a

collaborative effort on the part of the healthcare team that includes the anaesthetist,

surgeon and nursing staff. Although there is increasing emphasis on outpatient surgery

programs, there is a paucity of research based studies especially from the Canadian

perspective on the management of diabetic patients treated with insulin or OHA's

undergoing operative procedures on a day surgery basis in the ambulatory setting and

POA basis. Also, there is a knowledge deficit regarding whether or not admitting the

diabetic patient the morning of their surgery instead of one to two days prior to surgery

results in beneficial outcomes for the patient. A study to examine the perioperative

management of the surgical patient with diabetes being treated with insulin or OHA's

would assist in identification of opportunities to improve quality of care in these hospital

settings.
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CONCEPTUAL FRAMEWORK

The conceptual framework for this study is based on the following six principles

which enhance the management of the surgical diabetic patient.

These principles are : 1) Monitor glucose frequently. This requires having blood

glucose levels done pre, intra and postoperatively until the patient is able to eat.

Assessment of glucose levels alerts the healthcare team that corrective action may be

needed. 2) Optimize glucose control preoperatively. Better control of the glucose

level in the day(s) prior to sugery results in perioperative levels that are more easily

controlled. However, this goal requires the patient's cooperation related to such factors as

following the diabetic diet, exercise, and taking their medication as prescribed.

3) Clarify the type of diabetes prior to surgery. In order that appropriate perioperative

management is instituted it is imperative to determine if the patient is a Type 1 or a Type

2 diabetic. 4) Schedule all elective cases for early in the morning. The diabetic patient

should be scheduled as the first case of the day to minimize the metabolic efflects of

fasting by reducing the duration of the fast. 5) Perform a thorough cardiovascular

examination preoperatively. It is well recognized that diabetic patients have a higher

incidence of systemic arterial hypertension and that diabetes causes changes in the micro

and macro circulation of the heart, kidney and the central, autonomic, and peripheral

nervous systems (Gilbert, 1991). Some authors consider a sixth principle to be pre-

operative laboratory evaluation of patients with diabetes mellitus which should

include blood glucose, electrolytes, blood urea nitrogen and creatinine, urinalysis, and

electrocardiography (Gilbert, 1991 ; Schiff & Emanuele, 1991).

These principles guided the development of the DiUbaldo data collection tool and

facilitated analysis of studies that examined the effrcacy of different insulin regimens to

manage the patient with diabetes undergoing surgery. These principles also provide

nurses with guidance in preparing the diabetic patient for surgery. Nurses can determine
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if the principles are being followed and make suggestions to the physician as necessary.

PURPOSE

The purposes of the study are:

l. To determine if the six principles identified earlier (p. 3 & 4) of perioperative care

are adhered to in diabetic patients (treated with insulin or OHA's) scheduled for an

operative procedure on a day Surgery or postoperative admission basis.

2. To determine the role of the nurse in the perioperative care of the patient with

diabetes.

3. To determine the proportion of diabetic patients treated with insulin who have

blood glucose levels within the acceptable range of 5 -12 mmol/L as stated in the

literature.

4. To determine the proportion of diabetic patients treated with OHA's who have

blood glucose levels within the acceptable range of 5-12 mmol/L as stated in the

literature.

5. To quantitatively assess the relationship between the dependent variable (pre and

postoperative blood glucose levels) and the following independent variables; minor,

intermediate or major surgery, local, spinal or general anaesthetic, continuous insulin

infusion or subcutaneous method of administering insulin.

6. To monitor evidence of nausea and vomiting'
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HYPOTHESIS

It is hypothesized that a retrospective chart review will show that glucose

homeostasis (defined as blood glucose levels between 5-12 mmol/L) was maintained in

diabetic surgical patients through adherence to the following Stagnaro-Green, Gilbert,

Schiff & Emanuele principles:

1. All patients will have had blood glucose levels assessed in the preoperative,

intraoperative and postoperative periods.

2. The type of diabetes (type I or type 2) will be recorded in all patients' health

records.

3. All patients with diabetes will be scheduled as the first operative case of the day.

4. All patients will have undergone a physical examination either by the family

physician, the anaesthetist or other medical specialist prior to the operative procedure.

5. All patients will have undergone appropriate preoperative laboratory evaluations

such as electrolytes, blood glucose, urea, creatinine, urinalysis and other investigations

such as electroca¡diography.

ASSUMPTIONS

The assumptions of this study are as follows :

1. A chart review is an effrcient method to determine a perioperative protocol for

diabetic patients.

2. Pre-operative glycosated hemoglobin will provide evidence of glycemic control

and indirect indication of patient adherence to medication and diet regimens. A

glycosated hemoglobin generally reflects the state of glycemia over the preceding two to

three months, thus providing a method of assessing chronic diabetic control (Karam, cited

in Greenspan & Strewler,1997, p. 616).
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3. The laboratory Hitachi 704 blood analyzer and the glucometers used on the ward

to determine blood glucose levels wilt give accurate and reliable results. Quality control

and reliability of the instruments used to measure blood glucose levels is addressed in the

methodology section.

LIMITATIONS

The researcher identifies the following limitations to this study: (a) use of a small

sample size due to time and economic restraints; (b) inability to generalize beyond the

present study based on convenience sampling and small sample size, (c) due to the

retrospective design of the study there may be missing data (d) inability to standardize

variables known to affect blood glucose levels such as the use of certain anaesthetic

agents and intravenous solutions given during a general anaesthetic by individual

anaesthetists.

DEFINITION OF TERMS

Perioperative: Pertaining to the period extending from the time of hospitalization for

surgery to discharge.

Preoperative: Pertaining to the period extending from the time the patient arrives on the

ward and surgery is commenced.

Intraoperative: Pertaining to the period from the time of induction to the end of surgery.

Postoperative: Pertaining to the period from end of surgery to the time the patient is

discharged from the recovery room to the ward or from the day surgery ward to home.
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Day Surgery: The time interval whereby a patient is admitted to the ward or ouþatient

area on the day of their scheduled (elective) sugery, undergoes the operative procedure,

and is able to go home the same daY.

Postoperative Admission Surgery: The time interval whereby a patient is admitted to the

ward on the day of their surgery, undergoes the operative procedure, and is admitted

overnight. Depending on the surgical procedure, the patient may have to stay more than

one day in the hospital.

Type of surgical procedure

Minor sugery: A surgical procedwe, lasting up to twenty-nine minutes, which is

unlikely to interfere with normal diabetic treatment. (e.g. cystoscopy)

Intermediate Surgery: Surgery that lasts between thirty minutes to two hours and might

interfere with normal diabetic management on day of surgery (e.g. laminectomy, internal

fixation of a fracture).

Major Surgery: Surgery that lasts over two hours and might interfere with normal

diabetic management and diet on day of surgery (e.g. Cholecystectomy, bowel resection,

and vascular procedures).

Length of fasting: Nothing per oral (l{PO) from midnight of surgery date to the time the

patient is able to eat after the completed surgery.

Glycemic Control: Blood glucose levels of between 5 - 12 mmol./L



15

Demographic Characteristics: Age and gender of patient; height and weight of patient,

place of residence (urban or rural)

SUMMARY

Atthough there is an increasing emphasis on day surgery and postoperative

admission surgery, there is a paucity of researched based studies especially from the

Canadian perspective examining the perioperative management of the patient with

diabetes mellitus in this setting. This study will contribute to nursing knowledge and

identify opportunities for the role of nursing in perioperative management of the surgical

diabetic patient. The study will also determine adherence to the Stagnaro-Green

principles in the perioperative period in this cohort of patients.
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CHAPTER II

LITERATURE REVIEW

The following is a review of the literature for the student's thesis entitled "A

Descriptive Study to Examine the Perioperative Management of the Patient with Diabetes

Mellitus Scheduled for Day Surgery or Postoperative Admission Basis". Literature

relating to this study was searched through computer indices using Cumulative index to

Nursing and Altied Health Literature (Cinahl), Medline and Dissertation Abstracts.

prior to discussing the literature which focuses upon perioperative management of

the patient with diabetes the following areas will be addressed: 1) physiological theory

relating to the normal regulation of glucose homeostasis, 2) the altered metabolism in the

patient with diabetes and 3) the impact of fasting, anaesthesia and surgery on the patient

with diabetes.

SECTION I

Normal Regulation of Glucose Homeostasis

It is important to maintain a constant blood glucose concentration since glucose is

the only nutrient that normally is utilized by the brain, retina, and germinal epithelium of

the gonads, supplying required energy. Consequently, blood glucose concentration must

be maintained at a sufficiently high level to provide this necessary nutrition (Guyton,

r9el).

The majority of glucose formed by gluconeogenesis dwing the interdigestive

period is used for metabolism in the brain. If the pancreas secreted insulin at this time'

the minimal supply of glucose would go into the muscles and other peripheral tissues,
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denying the brain a nutritive source. Even short periods of hypoglycemia can cause

cerebral dysfunction, brain damage, or death (White & Henry, cited in Haire-Joshu,

re96).

Conversely, it is important that the blood glucose level not get too high for the

following reasons: 1) Glucose high osmotic pressure in the extracellular fluid, and if the

blood glucose level rises to excess, this can cause significant cellular dehydration. 2) An

excessively high level of blood glucose concentration results in loss of glucose in the

urine. 3) This causes osmotic diuresis by the kidneys, which can lead to depletion of body

fluids (Guyton, 1991).

Hormonal regulation of glucose homeostasis occurs through an interplay between

the anabolic and catabolic hormones (Table 1, appendix I). Insulin is considered the

primary anabolic hormone while epinephrine, glucagon, cortisol, and growth hormones

are considered mainly counter-regulatory. As shown in Table 1, growth hormone has

some anabolic effects, but these are directed at protein preservation (Alberti and Thomas,

1979). The physiological roles of each of these hormones in maintaining glucose

homeostasis will be described separately.

Insulin

Insulin plays an important role in carbohydrate, fat and protein metabolism. As

the nutrient molecules of glucose, fatty acids and amino acids enter the blood during the

absorptive state, insulin promotes their cellular uptake and conversion into glycogen,

triglycerides and proteins and at the same time drives glucose into muscle and adipose

tissue, simultaneously sparing other fuels and turning offlipolysis (Sherwood, 1997). In

the liver, insulin inhibits gluconeogenesis, thereby preventing unnecessary wastage of

amino acids.

Insulin is also involved in protein metabolism. There are three mechanisms by
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which insulin may increase protein stores: 1) increased tissue uptake of amino acids,

2) increased protein synthesis, 3) decreased proteolysis. Ifinsulin is not available as in

diabetes mellitus protein storage will cease. The catabolism of protein increases, protein

synthesis stops, and large quantities of amino acids are directed into the plasma. The

plasma amino concentration rises significantly and most of the excess amino acids are

either used directly for energy or as substrates for gluconeogenesis. With destruction of

amino acids comes an increase in urea excretion in the urine. One of the most serious

effects of severe diabetes is protein wastage causing extreme weakness and affecting

organ function (Guyton, 1991).

Another role of insulin is the stimulation of fatty acid synthesis in the liver and

acceleration of circulating triglycerides by inducing synthesis of lipoprotein lipase in

adipose tissue. Insulin also effectively inhibits hormone sensitive lipase, which catalyzes

the hydrolysis of stored triglycerides. If insulin is absent, the storage of fat in the body is

affected adversely. There is a release of large quantities of fatty acids and glycerol into

the circulating blood resulting in the plasma concentration of free fafty acids rising within

minutes to hours. This free fatty acid becomes the main energy substrate used by

essentially all tissues of the body besides the brain (Guyton, 1991).

Lack of insulin also causes a substantial increase in the amount of stored

triglycerides in the liver, resulting in a fatty liver. The excess of fatty acids in the liver

also promotes conversion of some of the fatty acids into phospholipids and cholesterol

which are two of the major products of fat metabolism (Guyton, 1991). These two

substances , along with some of the triglycerides are then discharged into the blood in the

lipoproteins. The plasma proteins may increase as much as three times, much more than

the normal 0.6%. This high lipid concentration, especially the increased level of

cholesterol leads to the development of atherosclerosis in individuals with serious

diabetes (Guyton, 1991). Another action of insulin is its suppressive effect on blood
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ketone levels. A deficiency of insulin leads to ketoacidemia due to, 1) unrestrained

motilization of free fatfy acid (FFA) from adipose tissue, 2) accumulation of hepatic

acetyl-CoA due to excessive FFA oxidation, and 3) a reduction in ketone utilization by

peripheral tissues (Hirsch & McGill, 1990, p.981). Ketocacidosis requires aggressive

treatment.

Control of Insulin Secretion

The major stimulant of insulin secretion is a change in the circulating blood

glucose concentration. An elevation in blood glucose results in increases of insulin

secretion, and the insulin in turn causes fransport of glucose into the liver, muscle and

other cells, thereby reducing blood glucose levels toward normal parameters (Guyton,

1991). If blood glucose levels are reduced, insulin secretion is tumed off.

Other factors that stimulate insulin secretion are amino acids such as argine and

lysine. If amino acids are administered in the absence of an increase in blood glucose

only a small increases in insulin secretion will occur. However, if the amino acids are

administered simultaneously with an increased blood glucose level , the glucose-induced

secretion of insulin may almost be doubled in the presence of excess amino acids. Thus,

insulin is important for the proper utilization of excess amino acids.

The gastrointestinal hormones of gastrin, secretin, cholecystokinin, and gastric

inhibitory peptide will also cause a moderate increase in insulin secretion. These

hormones are released after an individual eats a meal and can almost double the rate of

insulin secretion as the blood glucose level rises (Guyton, 1991).

The autonomic nervous system also affects insulin secretion. Certain conditions

can cause stimulation of either the parasympathetic or the sympathetic nerves to the

pancreas. Food in the digestive tract increases parasympathetic activity that stimulates

insulin release. Conversely, sympathetic stimulation and the concurrent increase in
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epinephrine both inhibit insulin secretion. The reduction of insulin allows the blood

glucose level to increase, which is an appropriate response to generalized sympathetic

activity found with stress and exercise. Both these situations require extra fuel for

increased muscle activity (Sherwood, 1997).

Glucagon

Glucose is the major regulator of glucagon secretion. Glucagon secretion is

inhibited by glucose whereas insulin secretion is stimulated by increased glucose levels.

Glucagon is a humoral mechanism for making energy available to the tissues between

meals, when ingested food is not available for absorption whereas insulin promotes

energy storage in a variety of tissues. The two major effects of glucagon on glucose

metabolism are glycogenolysis which is breakdown of liver glycogen leading to an

increase in blood glucose levels . This action is stimulated when the blood glucose levels

fatl to as low as70 mg.llO0ml. of blood, causing the pancreas to secrete large quantities

of glucagon, resulting in rapid mobilization of glucose from the liver (Guyton, 1991).

Thus, glucagon helps to protect against hypoglycemia. The second major effect is

increased gluconeogenesis which is the formation of sugar by the liver from

noncarbohydrate molecules (Guyton, 1991). Other important effects of glucagon are

increasing hepatic ketogenesis and decreasing hepatic glycogen formation, glycolysis and

triglyceride synthesis (Foster, 1984 cited in Hirsch & McGill, 1990).

In nondiabetic individuals, plasma glucagon concentration rises in response to

hypoglycemia, fasting or stress. However, individuals with type I diabetes after a few

years develop alpha-cetl dysfunction which results in a failure of glucagon to be released

in response to hypoglycemia or a rapidly falling glucose level despite normal or perhaps

even an exaggerated glucagon response to stress and other stimuli (White & Henry, cited

in Haire-Joshu, 1996).
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Epinephrine

Epinephrine and norepinephrine are referred to as the catacholamines and act on

the alpha- and beta- adrenergic receptors to cause peripheral vasoconstriction,

tachycardia, and symptoms of initability, tremor, hunger and diaphoresis (White &

Henry, cited in Haire-Joshu, 1996). The catecholamines serve as glucose counter-

regulatory hormones. Epinephrine stimulates glucose production and limits glucose

utilization. Both glycogenolysis and gluconeogenesis are stimulated by epinephrine, and

blood glucose levels increase within minutes (Hirsch & McGill, 1990). Epinephrine also

inhibits the release and action of insulin, which contributes to its glucose

counterregulatoty potential in diabetes. The catechloamines are released in both diabetic

and nondiabetic individuals in response to stress, exercise or hypoglycemi4 but some

individuals with diabetes develop a diminished or absent release of epinephrine in

response to hypogtycaemia or decreasing blood glucose levels (White & Henry, cited in

Haire-Joshu, 1996).

Cortisol

This is a major steroid , glucocorticoid hormone in humans. It is released into the

circulation in a diurnal pattern, with cortisol release and circulating cortisol concentration

increasing during the early morning hours and in response to stress or hypoglycemia

(White & Henry cited in Haire-Joshu,1996, p.355). The main actions of cortisol are to

cause net protein breakdown in extrahepatic tissues and increase the flow of

gluconeogenic precursors to the liver, where it facilitates amino acid degradation and

gluconeogenesis (Alberti & Thomas,1979). If insulin is lacking, cortisol has potent

ketogenic effects (Hirsch & McGill, 1990).
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Growth Hormone

Similar to cortisol, growth hormone increases in response to hypoglycemia but

most likely has little effect on fluctuations in blood glucose levels over short periods

(Cryer, P. E., 1993, cited by White & Henry, in Haire-Joshu, 1996). It has been found

that chronic growth hormone excess impairs insulin action, suppresses glucose utilization

and stimulates glucose production (Davidson, 1987, cited in Hirsch & McGill, 1990). It

also has important anabolic properties regarding protein synthesis (Tarurer, Hughes &

Whitehouse,1977 cited in Hirsch & McGill, 1990). Increased growth hormone levels

after 1- 2 hours result in accelerated lipolysis and ketogenesis. The lipol¡ic action of

growth hormone is overcome by insulin. Individuals with diabetes have poorly timed

insulin action either as a result of exogenous absorption (as in Type 1 Diabetes Mellitus,

or inappropriate secretion/action (as in Type2 Diabetes Mellitus). This loss of glucose

regulation by insulin makes glucose counterregulation by the counter-regulatory

hormones even more critical in maintaining stable blood glucose levels (White, N. H. &

Henry, D. N.. cited in Haire-Joshu,1996).

Pathophysiologl¿ and Altered Metabolism in the Individual with Diabetes

In summary most of the pathology of diabetes can be attributed to one of the

following three major effects of insulin deficiency: l) decreased utilization of glucose by

body cells, with a resultant increase in blood glucose levels as high as 300 to 1200 mg.

per 100 ml.; 2) markedly increased mobilization of fats from the fat storage areas, causing

altered fat metabolism as well as deposition of lipids in vascular walls to cause

atherosclerosis; and 3) depletion of protein in the tissues of the body (Guyton, 1991).

If insulin is totally absent, catabolism will predominate. Lipid mobilization is

enhanced and faÉy acid release from adipose tissue increases. The excess ofglucose
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concentration contributes to ketogenesis, accelerating the process and soon ketone body

supply outstrips ketone body utilization resulting in ketoacidosis and severe acidaemia

(Alberti & Thomas,1979). Also, net protein breakdown occurs; gluconeogenic

precursors flow to the liver; gluconeogenesis and glycogenolysis are increased due to the

absent of insulin's restraining effect and hyperglycemia results. There is also an

inappropriate increase in glucagon, cortisol and eventually catecholamines, which

together accelerate the development of ketoacidosis. This process is followed by the

symptom complex of glycosuria, polyuria, dehydration, hyperosmolality and coma

(Alberti & Thomas, 1979).

Electrolyte imbalances can also occur with loss of sodium, potassium, calcium,

magnesium and phosphate due to the diuresis. The loss of potassium is further

exacerbated by the acidaemia which drives potassium out of cells and the insulin

deficiency which prevents normal intracellular accumulation of potassium (Alberti &

Thomas, 1979).

If the insulin deficiency is of a milder form the predominant defect is inefficient

uptake of glucose by peripheral tissues. Although there are sufficient quantities of insulin

present for control of adipose tissue metabolism and gluconeogenesis, the outcome is

hyperglycemia with glycosuria and some loss of electrolytes in the urine (Alberti &

Thomas, 1979).

Metabolic and Hormonal Effects of Sureery

In all patients, "fasting, anaesthesia, surgery, and the contemplation of these

events all cause a typical metabolic stress response which tends to override the normal

homeostatic mechanisms" (Alberti, Gill, & Elliot, 1982, p. 66). Prior to anaesthesia and

surgery, the patient must undergo a period of fasting, which tends to increase lipolysis

and gluconeogenesis. In the fed state insulin predominates, although glucagon and
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growth hormone secretion may also increase. In fasting, the levels of insulin slowly

decrease, leaving a relative excess of the catabolic hormones resulting in systemic

catabolism. This is not a problem unless there are concurrent large increases in the levels

of the catabolic hormones such as in response to the stress of surgery or if insulin is

absent such as in the patient with diabetes. However, it has been demonstrated that

"when the surgical procedure and sequela do not require the patient fast for more than

twelve hours, the physiological chain of events arising from stress are inconsequential"

(Johnson and Bressler, 1980 cited in Green Hernandez 1987, p. 790). Podosky (1982)

recommends that diabetic patients never fast for prolonged periods prior to surgery and

that scheduling of the operation for the morning hours occur so that the first glucose

infusion replaces the carbohydrates usually taken at breakfast. This provides some

nourishment to the patient.

The experience ofpreparing for and having surgery can activate the stress

response, which consists of a series of reactions that activate the hypothalamic- pituitary-

axis (Bovington, Spies, & Troy, 1983). There is increased catecholamine secretion and

increased Adrenocorticotropic hormone (ACTH) and cortisol secretion. ACTH

stimulates the adrenal cortex to release glucocorticoids and mineralocorticoids.

Glucocorticoids stimulate gluconeogenesis, resulting in raised blood glucose levels in

nondiabetic patients. The mineralocorticoid aldosterone aids in retention of sodium

resulting in fluid retention. Thyroid-stimulating hormone is released, resulting in

increased thyroxin secretion from the thyroid, which stimulates uptake of glucose from

the intestine. Growth hormone is also released which causes fats to be used for energy.

It elevates glucose 4-6 hours after it is release and its effect surges after anaesthesia

induction (Hoogwerf, 1992). Finally, anti diuretic hormone is released, leading to more

fluid retention (Gutherie & Gutherie, 1982; Schuman & Podosky, 1980 cited in

Bovington, Spies &.Troy,1983). There have been studies carried out which demonstrate
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the effects of surgery on hormones such as glucagon. One study demonstrated that

glucagon levels in nondiabetic patients undergoing a variety of surgical procedures were

found to be stable preoperatively, but increased significantly during the intraoperative

period and remained elevated through to the fourth postoperative day (Russell, Walker, &

Bloom, 1975 cited in Stagnaro-Green,1991). The extent of metabolic derangement is

proportional to the degree and insult of the surgical procedure (Allison, Tomlin &

Chamberlain,1969, cited Rossini & Ha¡e, I976). For example, patients with Insulin

Dependent Diabetes Mellitus (IDDM) undergoing minor hand surgery demonstrated an

increase in growth hormone, but glucagon levels remained unchanged indicating the

minor nature of the procedure (Christiansen, Schurizek, Malling, Knudsen, Alberti &

Hermanson, 1988).

Surgical stress also stimulates the sympathetic nerves which results in release of

catecholamines such as epinephrine causing blood glucose levels to rise (Gutherie,

Schuman cited in Bovington et al, 1983). A study examining the effect of severity of

surgery on metabolic control and insulin requirements in IDDM patients undergoing

minor or major surgery found that plasma nonadrenaline and cortisol concentrations

increased significantly during major surgery (Racoules-Aime, Roussel, Romagnon,

Rossi, Gastaud, Dolisi and Grimaud, 1995). There was also significant correlation

between the increase in counter-regulatory hormones and the amount of insulin given.

Patients who underwent major surgery had greater insulin requirements The authors

concluded that the increase in sympathetic nervous activity was implicated with the

increase in insulin requirements. Simultaneous with the changes in catecholamines there

is a marked inhibition of insulin secretion. The overall effect of these reactions to the

stress response is fluid-electrolyte imbalance and hyperglycemia. As the diabetic

patient's insulin levels are already reduced, the multihormonal response intensifies

hyperglycemia, which can lead to hyperketonemia. Thus, insulin therapy may be
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required during the intraoperative period to maintain glucose homeostasis.

Anaesthetics can also have metabolic effects, with extradural and spinal

anaesthesia having the least effects (Alberti & Thomas, 1979). A study done by Keith

and Pieper (1989) demonstrated that blood glucose levels of IDDM and NIDDM patients

undergoing general anaesthesia increased early and remained elevated during the

intraoperative period. The authors cite that the results must be viewed cautiously as only

four patients received spinal anaesthesia. Patients who received a spinal or local

anaesthetic had lower glucose levels. The authors cite that as the effects of spinal

anaesthesia dissipate, the gap between the blood glucose levels lessens. The authors did

not identiff the particular anaesthetic agents used in the study. Ether, chloroform, and

ethylchloride cause the greatest effects, such as hyperglycemia, fatty acid mobilization

and inhibition of insulin secretion, all secondary, presumably, to catecholamine release

and ACTH discharge (Alberti & Thomas, 1979). Halothane and trichlorethylene cause

the least increase (McConnal, l98l; Waife, 1980, cited in Bovington et a1,1983).

In summary, physiological factors contributing to the hyperglycemia response to

anaesthesia and surgery include, increased sympathoadrenal activity leading to a decrease

in glucose tolerance, decreased glucose utilization, and increased gluconeogenesis

(Welborn, McGill, Hannallah, Nisselson, Ruttiman, Hicks, 1986).

Frequent determinations of blood glucose levels intraoperatively for the patient

with diabetes is important, even more so when the patient has received a general

anaesthetic. The fully anaesthetized patient who has received insulin is unable to report

the alterations associated with hypoglycemia, which can be quickly fatal (Bovington et al,

l 983).

In the case ofcentral neural blockade no significant changes have been noted in

blood glucose, lactate, alanine, free fatty acid (FFA), glycerol, and ketones during 20-30

minutes of epidural anaesthesia (Kehlet, Brandt, Prange Hansen & Alberti, 1979 cited in
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Hirsch & McGill, 1990). Information also suggests that epidural anaesthesia has no

effect on plasma cortisol and growth hormone levels (Hogan, Brandt & Kohlet, 1980,

cited in Hirsch & McGill, 1990). However, it has been found that plasma epinephrine

and norepinephrine levels decrease proportionally to the level of sensory analgesia

achieved during spinal anaesthesia with tetracaine (Pflug & Halter, 1981, cited in Hirsch

& McGill, 1990). The insulin response to hyperglycemia appears to be inhibited by a

high-thoracic (T2-T6 dermatone) blockage, whereas a low-thoracic blockage has no

effect on insulin secretion (Halter & Pflug, 1980, cited in Hirsch & McGill, 1990).

SUMMARY OF SECTION I

It can be seen that surgery or a similar stress that leads to increased production of

counter-regulatory hormones can contribute to major metabolic derangements in patients

with IDDM. In the patient with NIDDM, insulin demand will exceed potential supply

from the already compromised pancreas. There will not be the usual increase in insulin

secretion following the operation, so not only will insulin resistance be present but insulin

deficiency will also result. This will lead to impairment of muscle glucose utilization and

more rapid gluconeogenesis, and marked hyperglycemia with hyperosmolality. (Alberti

& Thomas,1979).

Nursing has an important role to play in care of the surgical diabetic patient from

assisting to minimize stress for the patient by providing emotional support, or

information relating to pre and postoperative care. Nursing must be aware of the

potential complications such as the risk of ketoacidosis for the Type 1 diabetic patient

and be familiar with the signs and symptoms so prompt treatment can be initiated.

Administration of insulin and intravenous fluids to counteract the increased levels of

counter-regulatory hormones and frequent monitoring of blood glucose concentrations as
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recoÍrmended by Stagnaro-Green (1991) is necessary to ensure a positive outcome for the

patient with diabetes undergoing surgery.

SECTION II

Perioperative Manasement of Patient with Diabetes Mellitus

A review of the nursing literature (Cinahl) using key words perioperative

management of the diabetíc patient indicated the literature focused on the clinical

assessment of the patient pre and post-operatively, preparing the patient for the surgery

by providing information relating to fasting, medications, signs and symptoms of

infection, addressing knowledge deficits and allaying anxiety (Davis & Lewis, 1991;

Kelly & Kelly, 1991). In addition, the literature drew attention to monitoring the patient's

blood glucose levels before and after surgery, maintaining the insulin infüsion or giving

insulin subcutaneously in the pre or postoperative period if necessary; reporting frndings

to the physician, and carrying out treatment orders (I{ill, 1991; Salteil-Berzin, 1992).

Nursing has an important role in observing the patient with diabetes for complications

and seeking out treatment from the physician as necessary. Clarification of the type of

diabetes allows the nurse to be prepared for problems associated with the different types

of diabetes. For example, the patient with type 2 diabetes is at risk of developing

hyperosmolar hyperglycemic nonketotic coma in the postoperative period. The nurse

should be cognizant of characteristics of this syndrome such as marked hyperglycemia,

plasma hyperosmolarity, profound dehydration, absence of ketoacidosis and variable

mental status changes (Hirsch & McGill,1990).

There is general agreement that most patients with diabetes require insulin in the

perioperative period to maintain glucose homeostasis. The controversy relating to the
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perioperative management of this cohort of patients mainly centres on what route is best

to administer the insulin if it is required. A review of the medical literature identified

studies comparing the efficacy of a continuous insulin infi.lsion or a continuous Glucose-

Insulin-Potassium (GIK) infusion referred by some authors as the Alberti regimen

(Milaskiewicz &,HalI,1992) versus the subcutaneous (s.c.) method for the management

of the diabetic patient scheduled for surgery. Most studies focused on the diabetic as an

inpatient undergoing major surgery (Alberti & Thomas, 1979; Goldberg, Wingert, Levin,

Wilson & Viljoen, 1981; Pezzarossa et al, 1988; Taitelman, Reese & Bessman,1977).

No studies were identified comparing continuous insulin infusion versus s.c. regimens for

patients with diabetes undergoing a minor procedure on a day surgery basis.

Comparative studies have also been done with intravenous insulin boluses versus the s.c.

method. or continuos insulin inftsion (Walts, Miller, Davidson & Brown, 1981; Meyers,

Albert, & Gordon, 1986; Racoules-Aime,Ichai, Roussel, Romagnan, Gastaud, Dolsi &

Grimaud,1994). According to Milaskiewicz &.Hall (1992) the most important action

when using any regimens to manage surgical diabetic patients is frequent measurement of

blood glucose levels. This opinion parallels one of the first Stagnaro-Green principles

which is frequent monitoring of blood glucose values during the perioperative period.

The Stagnaro-Green principles were used to assess the perioperative management of

patients in studies which investigated the efficacy of different insulin regimens. Studies

that compared the GIK infusion method with the s.c. methods will be addressed first.

Alberti and Thomas (1979) compared continuous glucose, insulin and potassium

infusion (GIK) with giving two thirds the usual daily maintenance dose of intermediate

insulin to IDDM (Type 2) patients undergoing moderate to major operative procedures.

Theoretically by supplying glucose, the need for protein catabolism to the diabetic's

gluconeogenic needs is reduced, resulting in a lower nitrogen balance (Schade, 1988).

Potassium is needed to facilitate the entrance of glucose into the cell and hypokalemia
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can develop with insulin therapy (8en2,1990). Glucose without insulin can result in

marked hyperglycemia and even hyperosmolar coma (Thomas, Platt & Alberti, 1984).

Glucose was given as 5Yo dextrose normal saline intravenously (rate not specified) until

oral feeding commenced. Dextrose is needed to prevent hypoglycemia and development

of ketone bodies in response to fasting. Glucose and other metabolites were measured at

designated times þreoperatively, 15 minutes after induction, and then at l, 4,24 and 48

hour intervals) following the recommended principle of frequent monitoring of patients'

blood glucose levels perioperatively. The authors concluded that only a transient

improvement in glycemic control occurred in IDDM patients managed with the GIK

regimen compared to subcutaneous administration of a partial dose of insulin. This study

contains methodological limitations. The operative procedure, anaesthetic technique and

intravenous infusion, all factors known to influence hormonal and metabolic response to

surgery, were not standardized (Alberti, Gill and Elliot, 1982; Thomas and Alberti, 1978)'

Thomas, Platt, and Alberti (1984) compared a glucose-insulin-potassium infusion

(GIK) at two units per hour to administering one half to three quarters the daily

maintenance dose of insulin subcutaneously . A random sample of IDDM patients

(n:27) and control group (n : 6 non-diabetic patients) undergoing minor to major

surgery were studied. From the description of the study, it was not possible to determine

if preoperative laboratory investigations were performed or if attempts were made to

optimize glucose control.

Glucose and other metabolites were measured at specified times for all patients.

Length of fasting was not identified. Group I patients (n: 11) having surgery in the

morning received a proportion(ll2 to 3/4's) of their usual morning insulin dose followed

by an intravenous infusion of 25 grams of glucose over 30 minutes. The afternoon group

were given breakfast and received a fulI dose of regular insulin. Group II patients

(n: 12) received a GIK infusion intra-operatively and up to 4 hours postoperatively.



31

Group III patients (n:4) received a GIK infusion intra-operatively and up to seventy-two

hours post-operatively.

The authors concluded that four hours of GIK infusion in IDDM (Type 2) patients

improved control of plasma glucose (accepted level defined as 5-12 mmolll) during and

after the infusion period compared with the subcutaneous regimen.TheT2 hour GIK

infusion resulted in reasonable control of blood glucose levels. Anaesthesia and

replacement of non-glucose containing fluids were determined by the anaesthetist and the

srrlgeon.

Bowen, Daykin, Nancekievill and Norman (1984) investigated the use of a GIK

infusion in 27 IDDM patients who were in labour or undergoing minor operative

procedures. The patient's usual moming dosage of insulin was omitted. A GIK infusion

dosage was administered according to blood glucose levels (e.g., I unit per hour for blood

glucose level less than 5 mmol/L.) The infusion was stopped when the patient tolerated

oral fluids. No other insulin regimen was used for comparative purposes. The authors

claimed good control of blood glucose, however, two patients experienced symptoms of

hypoglycemia at glucose values of 2.6 and2.9 mmol/L. Blood glucose results in this

range demonstrate the importance of monitoring so that appropriate treatment can be

initiated. Some patients had preoperative fasting glucose levels ranging from 15.2 - 22.7

mmol./L and were considered hyperglycemic. These levels suggest that attempts were not

made to optimize glucose control in patients undergoing surgical procedures. Glycemic

control was defined as 5-10 mmol/L. The effects of the regimen on other metabolites

were not assessed but urea, sodium, and bicarbonate levels were assessed at the start of

the study and then at 4 hourly intervals throughout the day.

From the description of the study's methodology, it is not clear if randomized

sampling was carried out. Also, no attempts were made to standardize anaesthetic or

surgical management of the patient and intravenous fluids were administered as necessary
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by the anaesthetists. Lack of control over these variables could have affected the results.

Thompson, Husband, Thai and Alberti (1986) studied the use of the (GIK)

technique in NIDDM patients that underwent transurethral resection of the prostate

(classified by authors as minor surgery) under general anaesthesia. Patients had

glycosylated hemoglobin levels done prior to surgery, which would identify long term

glycemic control. The diabetic patients were randomized into two treatment groups and a

control group which did not differ from each other in baseline characteristics, anaesthesia

and operation. One treatment group received GIK infusion (n:6) and the other group (n

:7) received no insulin. Oral hypoglycemic agents (OHA's) were omitted the morning

of surgery in both groups. In the group with no insulin, glucose and lactate containing

fluids were prohibited. If the control group of patients required intravenous fluids, saline

was used and glucose and lactate fluids proscribed. Fasting preoperative blood samples

were collected as well as immediately prior to start of the operation (0800 hours), and

immediately postoperatively in recovery room. Blood samples were also collected on the

ward at designated times in the evening and on the first postoperative morning. Blood

glucose values were significantly increased in both groups of NIDDM patients compared

with normal patients throughout the study. However, patients who received the GIK

infusion had a significant decrease in blood glucose at two hours post-operatively as

compared to the no insulin group. It was also observed that the NIDDM patient's

management without insulin had circulating metabolites and insulin values closer to

normal patients than those treated with GIK regimen. Rather than normalizing the

metabolic state, the GIK infusion produced a further abnormal state. The author

concluded that there is no indication for the use of insulin in the well or moderately well

controlled NIDDM patient undergoing minor surgery provided that glucose containing

fluids are not given.

Husband, Thai and Alberti (1986) conducted a study which included IDDM
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(n:41) and NIDDM patients (n:44) undergoing major swgery who were managed

with a GIK infusion. MDDM patients having minor surgery and acceptable glucose

levels (defined as FBG < l0mmol/L) were managed without insulin. When possible,

patients were admitted24 to 48 hours prior to surgery to allow for preoperative

stabilization of the patient's blood glucose levels. Well controlled NIDDM patients had

oral hypoglycemic agents (OHA's) omitted the morning of surgery. Surgery was

scheduled in the early morning. Glucose and lactate intravenous fluids were avoided.

The IDDM group had their usual moming dosage of insulin omitted the morning of

surgery. The patients were given a GIK infusion at least one hour before start of the

operation with the infi.¡sion rate adjusted to maintain blood glucose levels between 5-12

mmol/L. Acceptable glycemic control, that is mean glucose of 5-12 mmol/L was

achieved in860/o of all operations and 82Yo of those having GIK infusion. There were

seven instances of hypoglycemia either clinical (4 cases) or biochemical (blood glucose <

3 mmolll) and 12 cases of persistent hyperglycemia ( > 13 mmol/L). Blood glucose

samples were obtained in the pre and immediate postoperative periods. Sodium and

potassium levels were also monitored. The authors concluded that the GIK infusion

technique produced acceptable blood glucose values in most diabetic patients. However,

no other insulin regimen was used for comparative purposes.

A study by Christiansen, Schurizek, Malling, Knudson, Alberti, and Hermanson

(1988) compared the GIK regimen to the s.c. method in a prospective randomized study

of 20 IDDM male or female patients who had minor operative procedures (vitrectomy or

minor hand surgery) under a general anaesthetic. Minor surgery was defined as "surgery

which does not involve penetration of a body cavity or transection of a major limb bone"

(Galloway and Shuman, 1963, cited in Ch¡istiansen et al, 1988, p. 533). Pre-medication,

anaesthetic technique and post-operative analgesia were all standardized. Surgery was

scheduled as first case of the day and patients had glycosylated hemoglobin, electrolytes,
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urea and creatinine done prior to surgery, these following two of the Stagnaro-Green

principles. Blood glucose levels of 5-12 mmol,/L were used as the intended range of

control. The metabolic responses to intravenous glucose-insulin-potassium (GIK)

infusion were compared to those patients receiving one-half (if blood glucose < 8

mmoL/L) to two-thirds (if blood glucose > 8 and < 15 mmol/L at0700 hours on day of

operation) of their usual daily dose of insulin subcutaneously. Length of fasting was not

identified. The GIK infusion group received an intravenous saline 0.88% intra-

operatively. The s.c. administration group received an in-firsion of glucose 55gtL at a rate

of 100 mllhour.

Christiansen and colleagues concluded that the GIK regimen resulted in lower

blood glucose levels perioperatively-operatively (blood glucose levels were done on

admission on day prior to surgery and at the following designated times on day of

surgery, 0700, 1130,1700, 2100 hours and post-operatively), but for all other metabolites

and hormones, there was no significant differences between the two methods of

administration. However, the data presented suggested that those patients treated with

s.c. insulin were inadequately controlled on admission to the study with blood glucose

values as high as 25 mmollL lL. This finding would indicate that glucose control was

not optimized preoperatively as recommended by the Stagnaro-Green principles. Studies

indicate that patients with diabetes who develop infections postoperatively tend to have

higher preoperative glucose levels than those who do not develop infections. (Hoogwerf,

1992). He advocates trying to achieve the best control possible in diabetic patients

undergoing surgery to reduce the risks for infection.

A study by Simmons and colleagues (1994) examining male and female patients

with diabetes having major or minor surgery compared the GIK infi-rsion to a separate

glucose and insulin infusion (two-pump regimen) to assess which method was more

acceptable to the nursing staffand which gave tighter glucose control. The sample
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included patients who were receiving insulin (with or without OHA's) or OHA's and had

marked hyperglycemia (casual glucose greater than 17 mmol/L) The majority of patients

were treated with insulin alone (35/58,60%). The researchers concluded both methods

provided similar overall glycemic control set at 5 -l3mmolll, but the two pump regimen

resulted in a greater proportion of finger-prick results in the target range preoperatively

(47.4% versus 60.1%) and postoperatively (52% versus 66.4%). The two pump protocol

was preferred by the nursing staff. An insuffrcient number of anesthetists commented on

the protocol to detect a preference.

Studies comparing continuous independent intravenous insulin infusion to the

subcutaneous method have also been carried out. The independent insulin infusion

method will be referred to as the non-Alberti regimen. Taitelman, Reese and Bessman

(1977) conducted a prospective randomized study comparing continuous int¡avenous

insulin infusion and subcutaneous administration of Neutral Protein Hagedorn (NPH)

insulin in 23 IDDM patients undergoing amputations with a general anaesthetic.

Measurement of blood glucose levels and other metabolites were carried out at specified

times. According to anaesthesia protocol all patents received an infusion of 500 mls. of

50á dextrose during the first 4 hours after induction. During the next 4 hours patients

received 5olo dextrose and normal saline at l25ml/hr. Anaesthesia technique was

standardized as much as possible (mean anaesthesia:40 minutes). Length of fasting was

not identified.

The authors concluded that giving 2/3's of the daily maintenance dose of

NPFVinsulin pre-operatively gave the equivalent diabetic control of 1 unit/hour of insulin

administration. Those patients requiring more than 20 units of neutral protein Hagedorn

(NIPH) insulin for pre-operative diabetic management received 2 units/hour of regular

insulin with an intravenous priming rate of 2 units an hour. However, two patients

receiving 2 units/hour of insulin developed hypoglycemia. This study did not state
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standards of glycemic control. Measurements of other metabolites such as glucagon,

cortisol and growth hormone would have increased clarification of the effrcacy of the two

regimens.

Goldberg, Wingert, Levin, Wilson and Viljoen (1981) examined the metabolic

and endocrine responses of non diabetic (n: 6) and IDDM male patients (n: 12) during

abdominal surgery with a general anaesthetic. Selection of patients was based on whether

patients were lean and insulin dependent. All patients were scheduled as first case of the

day. The IDDM subjects were divided into 2 groups. Group I diabetic patients (n: 6)

received one half the usual daily dose of insulin subcutaneously (s.c.) regardless of the

type of insulin used or the timing of administration usually I hour prior to anaesthesia.

Group II patients (tr:6) received an intravenous (i.v.) insulin infusion at 1 U/h during

surgery and 0.5 U/h during the recovery period. Group III patients (n: 6) \ryere non-

diabetic with normal fasting blood glucose levels and functioned as the control group.

Glucose, glucagon, cortisol, growth hormone and insulin levels were measured

preoperatively, intraoperatively and for up to six hours postoperative. In the diabetic

patients there were no differences in preoperative glucose, glucagon, cortisol and growth

hormones between the two treatment groups, and only the glucose level was different

from the nondiabetic group. Intraoperatively, there were trends toward lower blood

glucose levels in the early intraoperative phase in the diabetic patients receiving the

continuous glucose i.v. infusion compared to those who received conventional s.c.

insulin. The study did not demonstrate any statistical difference between the infusion and

the subcutaneous regimen. The authors concluded that the continuous infusion at one

unit an hour was an as effective a treatment as the subcutaneous regimen in the insulin

dependent diabetic patient.

From the description of the study's methodology it is not clear if randomized or

convenience sampling was done. The latter would not permit generalization of the results
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beyond the sample studied. Some patients received 5olo dextrose in Ringer's Lactate

which can compound hyperglycemia. Lactate is metabolizedby the liver and 1 litre of

ringer's lactate yields 22 grarns of glucose. Thomas and Alberti (1978) demonstrated that

lactated ringer's can cause hyperglycemia and that lactate clearance may be impaired in

patients with diabetes. Schade (1988) suggested that an i.v. of D5 1/2 NS infusing at 100

cc's per how was an appropriate treatment for patients undergoing minor surgery and who

will be eating shortly after surgery.

Pezzarossa and colleagues (1988) in a randomized study of 30 male and female

diabetic patients {17 Type 2 (non insulin-dependent)and 10 Type I (non-insulin

dependent)) undergoing major surgery compared the independent administration of

intravenous insulin during glucose potassium infüsion and subcutaneous insulin

administration. Glycemic control was defined as 5-10 mmol/L. The patients were

divided into two groups (A and B) that were comparable for age, sex, distribution, type of

diabetes and type of surgical procedures. The authors did classify the type of diabetes.

However, Type2 patients were categorized as being non insulin dependent. The problem

with this type of delineation is that it is confusing as Type2 patients may be insulin

dependent. Labeling patients with IDDM or NIDDM refers to treatment choice rather

than pathogenesis of the disease and does not follow the recommendation of Stagnaro-

Green to clearly differentiate between Type 1 and Type 2 diabetes. Patients fasted

twenty-four hours before surgery and twenty-four hours after surgery. This length of

fasting goes beyond the recommendation that patients with diabetes never fast for

prolonged periods of time (Podosky, 1982; Hoogwerf, 1992) The time of surgery, that is

moming versus afternoon, was not identified. All patients received a general anaesthesia

which was standardized to certain types of anaesthetic agents. Group A patients received

an independent intravenous insulin infusion and an infusion of glucose and potassium

chloride. The insulin infusion rate and the dosaee of insulin siven subcutaneouslv was
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dependent on the dosage required for pre-operative diabetic management. It was not

identified if Group B patients managed by subcutaneous insulin received any intravenous

fluid. Monitoring of glucose levels occurred preoperatively, intraoperatively (hourly

basis) and postoperatively. Other pre and postoperative measurements obtained were

urea, electrol¡es and acid base balance. The authors did not comment on the subject's

preoperative glycemic control or if other investigations such as whether an

electrocardiograph was done. There were no comments as to whether or not this sample

of patients had a thorough cardiovascular examination prior to surgery to detect other

health problems such as hypertension or ischemic heart disease, which can be associated

with diabetes.

The authors concluded that the intravenous insulin infusion achieved better

glycemic control intraoperatively where as the s.c. method compared favourably with the

intravenous infusion during the pre- and post-operative periods. One subject of the

infi¡sion group developed a blood glucose value of 2.7 mmolll. and was considered

hypoglycemic.

One of the disadvantages of the insulin infi¡sion is that it increases the risk for

hypoglycemia, which can lead to irreversible damage to the central neryous system.

Conversely, an advantage of the GIK infirsion over the separate variable rate infusion is

that with the former, if there is any variation in the rate of flow, insulin and glucose

delivery are affected equally (Alberti, 1991). With separate infusions, a blockage of one

of the inf.lsions could result in hypoglycemia or hyperglycemia, both conditions being

unfavourable for the patient. When the patient is under general anaesthesia,

hypoglycemia is a severe threat as the usual signs of tachycardia, hypertension, or

diaphoresis may be absent (Maree, 1982). Most authors stress the importance of frequent

glucose monitoring intraoperatively especially during a long operative procedure. A

disadvantage of the GIK infusion is that some insulin and glucose absorbs to the glass
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and tubing, but this can be decreased by flushing the set with a concentrated insulin

glucose solution (Bowen, Daykin, and Nancekievill, 1984). There are also limitations

with the s.c. method. Studies done in the perioperative period have shown that there are

various factors, which make the absorption of insulin unpredictable from the s.c. injection

site (Galloway, Sprodin, Nelson, Wentworth, Davidson & Swarner, 1981). Changes in

blood flow which can occur during surgery may produce as much as 100% changes in

insulin absorption (Maree, 1982).

Other regimens include the omission of insulin, and the use of bolus doses of

insulin. The omission of insulin avoids hypoglycemia, but increases the likelihood of

hyperglycaemia and catabolism (Hall, 1994). According to Hall (1994) the bolus

administration of insulin, for example 5 - 10 units int¡avenously every 2 hours, is an

illogical method of giving insulin and introduces the risk of labile blood glucose levels

and enhanced ketogenesis when insulin concentrations are small. Hirsch (1991)

commented that the practice of giving i.v. boluses is "both unphysiological and

potentially dangerous" (p. 350). Gavin (1992) concurs with this opinion stating that this

approach causes a "rolle¡ coaster-type glucose control." The immediate effect may lead

to hypoglycemia and subsequent hyperglycemia once the effect dissipates (Gavin, 1992).

Depending on primary glucose levels, patients given intravenous insulin injections may

manifest very high, but short lived, concentrations which may cause hypoglycemia

(Hirsch, 1991). This possibility demonstrates the importance of monitoring glucose

levels on a frequent basis especially if the bolus method is used.

There have been studies done examining the efficacy of intravenous insulin bolus

regimen versus other methods (Walts, Miller, Davidson & Brown, 1981; Meyers, Alberts,

& Gordon, 1986; Racoules-Aime,Ichai, Roussel, Romagnan, Gastaud, Dolisi &

Grimaud, 1994). The two former studies concluded that the bolus method was

comparable to s.c. insulin in its effects on metabolic control. In the Racoules et al study,
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there were 31 patients with IDDM and29 patients treated with OHA's who underwent

general anaesthesia for minor, moderately serious and major elective procedures.

Acceptable glycemic control was set at 5 - 11 mmoL/L. In the IDDM group insulin was

withheld the morning of surgery, sulphonylurea agents were discontinued the night before

surgery and biguananides were held 72 hours prior to surgery. Operative procedures

were scheduled prior to 1000 hours with average fasting times of 12 to 14 hours. This

time period of fasting should lessen the effects of surgical stress which are associated

with increases of catabolic hormones. Continuous i.v. inftsion of insulin at I.25 units an

hour (Group A, 15 IDDM, 15 NIDDM) were compared to insulin boluses of 10 turits

every 2 hours (Group B, 16IDDM, 14 NIDDM) with all patients receiving 6.25 grams of

glucose hourly. Treatment failure was def,rned as blood glucose level less than 3.3

mmolll. or greater than 16.5 mmolll. Blood glucose monitoring started l5 minutes prior

to induction and occurred intraoperatively and up to 2 hours after surgery. The authors

concluded that the bolus method was an effective method of controlling blood glucose

when an insulin in-fi¡sion pump was not available. In this study there v/as one case of

hyperglycemia in each method used, with a single episode of hypoglycemia detected by

glucose monitoring of every l5 minutes in the bolus group. Insulin i.v. boluses because

of the half life of 10 minutes with total clearance of 30 to 40 minutes can have a limited

effect on glucose but an acute effect on potassium levels. Death from hypokalemia has

been reported in conjunction with i.v. boluses (Hoogwerf, 1992). Therefore, it would

seem prudent to monitor electrolytes when using the bolus method. This study did not

identify if electrolyte levels were monitored. There were no Canadian medical studies

identified relating to the efficacy of these two regimens.

Opinions also vary regarding the perioperative management of the NIDDM

patient who is being treated with OHA's or insulin. Debate centres on whether or not

patients taking OHA's should be administered insulin intraoperatively, the route of
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administration, the dosage of insulin and the level of glucose control to be achieved

(Alberti, I99l; Hirsch, 1992). Opinions differ on whether or not the NIDDM patient

should take or withhold their OFIA on the moming of surgery (Hirsch cited in Haire-

Joshu, 1996,p.457) and if it is withheld, over what time period. For example, some

authors suggest that long acting sulfonylureas such as Chlorpropamide should be

discontinued 24 hours before surgery (Alberti, 1991; Hirsch & McGill, 1990) but some

recommend stopping it 36 hours preoperatively (Podosky, 1982). In regard to the Type2

patient being treated with insulin, opinions again differ on route of insulin administration

(Alberti, I99l; Gavin, 1992; Hirsch & McGill, 1990, Stagnaro-Green, 1991).

Recommendations regarding management depend on whether or not the patient is having

minor surgery versus major surgery and if the patient is given a general anaesthetic versus

a regional technique.

Hirsch (1991) discussed the management of NIDDM patients for ambulatory

surgery. He commented that if the patient's FBS is less than 7.8 mmolll, the patient

could be initially treated with close observation and hourly glucose levels. He suggested

that patients with this degree of glycemic control who are on OFIA's can be given their

medication and started on a glucose infusion in the morning of surgery.

Hirsch also suggested that NIDDM patients with random or fasting blood glucose

levels exceeding 11.1 mmol/L should be considered for perioperative insulin therapy and

such therapy should be definitely initiated with glucose values greater than 13.9 mmol./L.

Alberti (1991) advocated the use of a GIK infusion if the fasting blood glucose FBS is

greater than 10 mmol/L.

In a study done by Alberti and Thomas (1979) , a comparison of the response of

surgery for two groups of patients receiving sulfhonylureas was also conducted.

Approximately one half the group received no therapy on the day of surgery, while the

other group received a GIK infusion. The authors concluded that the GIK regimen was
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acceptable to use in all Sulfhonylurea treated patients, except for the well controlled

patient undergoing minor surgery. Other suggested guidelines were that chlorpropamide

be stopped three days before the operation and that the patient be changed to tolbutamide

(shortest acting, least potent) or glyburide (elimination half-time of approximately 10

hours). If the patient was poorly controlled, he/she be treated with a 3 daily, soluble

insulin regimen and intra-operatively the patient placed on a GIK infusion.

It is not clear from this study what "no therapy" meant, that is, was the OHA

stopped prior to surgery and if so, when. Other limitations of this study were previously

addressed.

Walts, Miller Davidson and Brown (1981) studied adult diabetic patients who

were treated with insulin or OHA's. The patients underwent minor, moderately severe or

major operations (cardiac srugery excluded) scheduled in the morning or afternoon.

Blood glucose levels were done just prior to induction of anaesthesia and terminated on

discharge from recovery room (refened to as intraoperative). Further measurements were

made at2200 hours and the following day (referred to as postoperative). The insulin

dependent patients were divided in to three groups. Patients in groups I and 3 were

scheduled before 0900 hours. for surgery and group 2 after 1300 hours. Group I (control

group) received no insulin or glucose the morning of surgery. Group 2 patients received

a partial dose, that is one third of their usual dose of insulin in the morning. Group 3, the

titration group, received no insulin or glucose in the moming of surgery. If the plasma

glucose was above I I . I mmoL/L, 1 0 units of regular insulin was inj ected intravenously.

The authors found that the control group had the highest incidence of hyperglycemia and

no instances of hypoglycemia. The titration method resulted in two patients incurring

very low blood glucose levels. The authors concluded that the protocol needed

modification for the clinical setting. It was also found that by the evening of the surgery

date and the following morning, that there \ryas no significant difference in the average
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blood glucose value in the groups of insulin taking patients.

In the same study, patients treated with OHA's were divided into two

groups. The control group received no insulin and the other group received insulin by

titration, that is regular insulin was injected intravenously dependent on the blood glucose

level. The authors found no difference between the mean plasma glucose levels of the

two groups in the evening after surgery or the next day. Tables 3 and 4 summarize the

different insulin regimen used for perioperative management of the patient with diabetes.



44

Table 3

Glucose Control in Diabetic Patients Undergoing Surgery: Summary of Literature
Review

Alberti Regimens (1979 - 1994)
(Glucose, Insulin, Potassium, GIK)

Source Patients Insulin/i.v.
fluid regimen

Variables
measured

Conclusion

Alberti&
Thomas
(1979) GIK
vs. s.c.

insulin
regimen

57IDDM
7 non
diabetics

IDDM
a) insulin infusion
until f¡¡st meal (n = 9)
b) no therapy until
after operation
(n: I l)
Both groups given
i.v.5Yo dextrose until
oral feeding
recommenced.
IDDM
c) GIK infusion from
30 mins. before
operation until
normal feeding
resumed
(n: 12)

d) GIK intusion
cont'd. for 72hrs.
(n = l0)
f) Received ll2the
usual moming dose

of insulin s.c.

together with i.v. over
4 hrs. (n: I l)
g) non-diabetic
(n:7)

glucose level Transient
before operation, improvement in
then l5 mins. after glycemic control
induction then at I, occurred in
4,24,48 and72 IDDM patients
hrs. managed with
Blood - 3 hydroxy GIK regimen
butyrate levels, compared to s.c.

ketone,potassium administrationof
and urea partial dose of

insulin.
Operative
procedures,

anaesthetic
technique and

intravenous fluids
not standardized.

Table continued on next page
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Source Patients Insulin/i.v. Variables Conclusion
fluid regimen measured

Table continued on next page

Thomas, 27 IDDM 6 Group I (n: I I glucose pre- Four hours of
Platt and non-diabetic IDDM) induction, 15 min. GIK infusion in
Alberti patients i) morning group (n = after induction, IDDM patients
( 1984) G I K 5) received ll2 - 3/4 then at l, 4, 24, 48 resulted in
vs. s.c. of their usual and 72 hrs. improved control
regimen morning insulin dose, cortisol, glycerol, of glucose levels

followed by an i.v. lactate, non- during and after
infusion of 25 g esterified fatty the infusion
glucose over 30 mins. acid, (NEFA) 3 period compared
ii) afternoon group - hydroxy-butyrate with the s.c.

breakfast given, regimen. The 72
received full dose of hour GIK
soluble (regular) infusion resulted
insulin n:6 in reasonable
Group II (n: 12 control of blood
IDDM) glucose.
iii) morning group,

no breakfast, no
insulin, GIK infusion
started 30 mins.
before induction of
anaesthesia

iv) aftemoon group,
given breakfast and

usual normal insulin
dose. Group III (n =
4IDDM) received
GIK infusion for 72

hours.
v) Control group (n =
6 non diabetic)
i.v. - all non-glucose
containing fluids
determined by
anaethetist and

surgeon.
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Source Patients Insulin/i.v.
fluid regimen

Variables
measured

Conclusion

Bowen et al 27IDDM
(r984)

IDDM:usual
morning dose of
insulin omiffed, GIK
infusion, dosage

adjusted according to
blood glucose levels
No other regimen
used for comparative
purposes.
Intravenous fluids
administered as

necessary by
anesthetist.

glucose prior to
infusion and
hourly intervals
thereafter until
1900 hrs on day of
surgery.
Urea, sodium,
potassium and
bicarbonate at start
ofstudy and then 4
hr intervals during
the dav

GIK infusion
achieves good
control ofblood
glucose levels in
IDDM patients.
(Two patients
developed
symptoms of
hypoglycemia
after infusion
started)
Recommended
that blood
glucose levels not
be allowed to fall
below 5 mmol/L.
and be kept in
range of5 - l0
mmol./L.
Potassium levels
in 6 patients rose
between 5 - 6
mmol./L, no
problems
encountered.

Thompson
et al (1986)
GIK vs non
insulin
regimen

I3 NIDDM
12 non-
diabetic
patients

i) IDDM (n = 6)
received GIK
infusion
iD IDDM ( no insulin
(no lactate or glucose

i.v. fluids) non
diabetic (n: 12)

iii) control group

OFIA's omitted
morning of surgery in
both groups of IDDM
patients. ifcontrol
patients required i.v.
fluids, saline was

used and glucose and

lactate fluids
prescribed.

Glycosylated Concluded that
Hemoglobin, there is no
glucose, indication for use
potassium, 3- of insulin in the
hydroxy butyrate, well or
cortisol, glycerol, moderately
non-esterified fatry controlled
acid, Iactate, NIDDM patient
alanine. undergoing minor

surgery, provided
that glucose

containing fluids
are not given.

Table continued on next page
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Source Patients Insulir/i.v.
fluid regimen

Variables
measured

Conclusion

Husband,
Thai &
Alberti
(1986) GIK
only

4I IDDM
44 NIDDM

IDDM Glucose (pre-op,
i) S.C. insulin omitted immediately post-
on morning of op and on first,
surgery, GIK (16 u 2nd post operative
insulin, l0 mmol kcl days.

in 500 ml l0%
glucose) infused at
100 ml/hr before start
of operation.
Infusion adjusted to
maintain blood
glucose between 5 -
l2 mmol/L.
ii) NIDDM, patients
undergoing major
surgery, and poorly
controlled patients
(FBG > l0 mmol,/L)
having minor surgery
received GIK as

described for IDDM
patients.

Well controlled (FBG
< l0 mmol/L)
undergoing minor
surgery had OHA's
omitted morning of
surgery, glucose - and

lactate - containing
fluids were avoided.

The GIK infusion
produced
acceptable blood
glucose values in
most diabetic
patients, but no
other insulin
regimen was used

for comparative
purposes.

Table continued on next page
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Source Patients Insulin/i.v. Variables Conclusion
fluid reeimen measured

Christiansen 20 IDDM i) S.C. insulin l/2 the Blood glucose Author concluded
et al (1988)
GIK vs s.c.

regimen

usual dosage if blood between 1100 and GIK infusion
glucose < than or 1800 on day of provided beffer
equal to 8 mmol./L admission and glycemic control
and2l3's the usual thereafter strictly peri and post
daily dose if blood at 0700, I130, operatively than
glucose between 8 - 1700, and 2100 on the s.c. insulin
I 5 mmolrl- at 0700 day of operation regimen.
hrs on day of and on lst and 2nd
operation. (n: l0) post operative day.
ii) GIK regimen Lactate 3-hydroxy
infusionsmaintained butyrate, glycerol,
for 24 hours. If blood alanine, glucagon,
glucose > 15 mmol/L, growth hormone
patient received l2 and Glycosylated
units of insulin hemoglobin
velosulin s.c. and (HbA,C)
blood glucose

measured 3 hrs later
(n: l0)
i.v. of saline 0.88%
together with GIK or
glucose during the

operation.

Table continued on next page
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Source Patients Insulin/i.v.
fluid regimen

Variables
measured

Conclusion

Simmons et
al (1994)
GIK vs.2
pump
regimen

58 Diabetic
patients
receiving
insulin (with
or without
OHA's) or
OHA's and

had marked
hyperglycemi
a (casual
glucose) > l7
mmol,/L)
majoriry of
patients
treated with
insulin alone
(3s/s8 60%)

i) 28 patients treated
with GIK infusion
ii) 30 patients on 2-
pump regimen

Glucose pre-op,
then hourly and

immediately post-
operatively.
Fructosamine,
potassium

Both methods
provided simila¡
overall glycemic
control, but two
pump regimen
resulted in greater
proportion of
finger-prick
results in the
target range pre-
operatively
(47.4% vs 60.1%)
and post-
operatively
(52.0%vs
66.4%). The GIK
regimen resulted
in only 63 - 65%
of glucose
measurements
within an

acceptable target
range (5 - 13

mmol/L).

* Source: Milaskiewics, R.M. & Hall, G.M. (1992) Diabetes and Anaesthesia: the past decade. British
Joumalof Anaesthesia 68, 198-206.
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Table 4

Glucose Control in Diabetic Patients Undergoing Surgery: Summary of Literature
Review

Non Alberti Regimens (Insulin Infusion)

Source Patients Insulir/i.v. Fluid
Regimen

Variables
Measured

Conclusion

Taitelman 23 IDDM
et al
(1e77)
Insulin
infusion
vs. s.c.

regimen

Group A: required <
20 u. NPH Insulin
for pre-operative

diabetic
management
i) Insulin infusion I
u/hr with i.v.
priming dose I u/hr
(n=6)
ii) s.c.2/3's of usual
NPH dosage

immediately prior to
surgery (n = 4)

Group B: required >

20 u NPH Insulin
for preoperative

diabetic
management.
i) i.v. infusion 2
uftr with i.v.
priming dose of 2
units (n = 6)
ii) s.c. 2/3's of usual
NPH dosage

immediately prior to
surgery (h = 7)
All: 500 mls of 5%
dextrose during first
hour of induction.
During following 4
hrs, 5olo dextrose at
125 ml,ihr was
administered. Mean
total anesthesia time
was 40 mins.

Glucose,
lactate, total
ketones,
acetoacetate

levels (pre-op,
then at2,4,6
and 8 hours)

Giving 2/3 of the
usual dose of
NPH insulin
gave the
equivalent
diabetic confol
of I unit/hr of
insulin by
infusion. Two
of8 patients

receiving 2
units/trr
developed
hypoglycemia.
More adjustment
of insulin and
dextrose
infusion rates

were required
with 2 unit/hr
regimen.

Table Continued on Next Paee
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Source Patients Insulin/i.v. Fluid Variables concrusion
Reeimen Measured

*Goldberg 12 IDDM IDDM: (i) s.c. Glucose i.v. no bener
and others, 6 Normal before op. Glucagon than s.c.
l98l (ii)i.v. infusion Cortisol Standardization

Normal: no insulin Insulin Door
All: 5% glucose * Grorvth
Ringer's solution * hormone
saline, blood

*Walts and 22IDDM (i) No insulin Glucose Vary regimen to
others 1981 77 (ii) s.c. partial dose suit patient

NIDDM (iii) i.v. boluses, * if i.v. bener rhan
neededAll: 5% s.c.
glucose, blood Poor

standardization

+Meyers and 70 IDDM (i) 50% usuals.c. Glucose Very
others 1986 then i.v. complicated.

boluses Two-step
(ii) 50% usual s.c. formula
then s.c. Satisfactory
(iii) Nil before op. glycaemic
then i.v. control
boluses*
All Ringers solution

*Pezzarrossa 17 (i) i.v. infusion Glucose i.v. better
and others, NIDDM (ii) s.c. 3 hourly Insulin control, more
1988 l0 IDDM All:.5% glucose K+ Urea + flexible

3 electrolytes Poor
Secondary Arterial blood- standardization

gases

Table Continued on Next Paee
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Source Patients Insulin/i.v. Fluid
Regimen

Variables
Measured

Conclusion

Racoules
et al
(199a) i.v.
insulin
bolus vs.

insulin
infusion

3I IDDM
29 treated
with OFIA's

Group A (15

IDDM, 15 NIDDM)
Insulin infusion at
1.25 unitsftr (40

u/31 ml 0.9% saline
solution) therefore
1.25 u: I ml
Group B (16IDDM,
l4 NIDDM) i.v.
bolus of insulin 10

units every 2 hrs.
In both groups,
when inhaoperative
blood glucose
exceeded I Ll
mmol./L, an

additional bolus of
5 units was given,
with at least 60 min.
between two
successive
administrations

continuous infusion
5% glucose at 125

ml/hr(6.25gh-')
via the same

cannula

Glucose - q l5
mins, plasma
ketone bodies,
lactate,
pyruvate
insulin, c-
peptide and

counter-
regulatory
hormones at

designated
times
depending on

type ofsurgery

i.v. insulin bolus
method effective
in controlling
blood glucose
when insulin
infusion pump
not available. In
bolus group
/episode of
hypoglycemia
(2.8 mmol/L)
detected by
glucose
monitoring of
every l5 mins.
No statistical
differences were
found between
effects of
continuous
infusion and

direct i.v. insulin
bolus
administration
on
concentrations
of counter-
regulatory
hormones.
Administration
oflarge doses of
insulin, despite
fluctuating blood
concentrations
ofglucose, does

not modify the
hormonal
response to
surgery,
although
reduction of
plasma with
peptide found in
direct i.v. bolus group

Table Continued on Next Paee
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Source Patients Variables
Measured

ConclusionInsulin/I.v. Fluid Resimen

**Simmons et

al (199a) GIK
vs. 2 pump

regimen

58 Diabetic
patients

receiving insulin
(with or without
OFIA's) or
OFIA's and had
marked
hyperglycemia
(casual glucose)
> 17 mmol/L)
majority of
patients treated
rvith insulin
alone (35/58

60%)

i) 28 patients treated with
GIK infusion
ii) 30 patients on 2-pump
regimen

Glucose pre-op,
then hourly and
immediately
post-

operatively.
Fructosamine,
potassium

Both methods
provided similar
overall glycemic
control, but two
pump regimen
resulted in greater
proportion of
finger-prick
results in the
target range pre-
operatively
(47A% vs 60.1%)
and post-
operatively
(52.0%o vs

66.4%). The GIK
regimen resulted
in only 63 - 65%
of glucose

measurements
within an

acceptable target
range (5 - 13

mmol/L).

* Source: Milaskiewics, R.M. & Hall, G.M. (1992) Diabetes and Anaesthesia: the past decade. British
Journal of Anaesthesia 68. 198-206.

** Previously addressed on p.49.
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An audit done at a local urban community hospital which examined the

perioperative management of the patient population for day sugery or for same day

admission (patient admitted day of operation and stays overnight) did examine certain

indicators which paralleled the Stagnaro-Green principles (Friesen,1994). The audit

examined the following indicators: (1) Was a dextrose intravenous started before giving

insulin? (2) Was the patient's surgery scheduled as first or second case in the moming?

(3) Was oral hypoglycemic agent given the morning of surgery? (4) Was a blood

glucose done the morning of surgery? (5) Was a serum creatinine recorded 6) Was a

postoperative blood glucose done before discharge? (7) Were discharge instructions

given? (8) Was a medical consultation done for patients on insulin? The author

concluded that meeting the challenge of shifting the care of these patients from an

entirely inpatient management to a Same Day Admission and often Day Surgery

Approach was met, but there were areas in which improvement could be possible. For

example, of 41 patients on OHA's, 7 or lTYo took these medications on the morning of

surgery thus increasing the risk of hypoglycemia. This demonstrates the importance of

obtaining a preoperative glucose measruement shortly after the patient a¡rives so that

appropriate treatment such as intravenous therapy can be initiated.

Another study done at a local teaching hospital evaluated a protocol which had

been developed to manage patients with diabetes having cataract surgery (DiUbaldo,

1993). Some recommendations of the protocol were the following: (1) diabetic patients

being treated with insulin or OHA's be scheduled as first operative case of the day,

(2) pre and post operative blood glucose levels be done (3) intravenous therapy be

given to the patient and ( ) patients on a day surgery status eat prior to discharge. The

protocol also addressed if insulin and OHA's would be with held on the moming of

surgery. It was determined that the protocol provided safe glycemic control (defined as

5-20 mnt{L.) for patients being treated with insulin or OHA's having minor surgery such



55

as a cataract operation. This glucose range may be considered "loose" control versus the

"tight" control range of 5-12 mmol./L. However, perhaps such tight control of blood

glucose levels is not necessary in the diabetic patient having minor surgery with an

average surgery length of 28.9 minutes (DiUbaldo, 1993). Table 5 summarizes assessing

the use of the Stagnaro-Green principles in the previously reviewed studies.
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Table 5
Assessing the use of Stagnaro-Green Principles - A Review of Literature

PRINCIPLES

GIK: Glucose, Insulin and Potassium
+: met
- : not met

Monitor
glucose

Frequently

Optimize
Glucose
Control

Clarifu type
of Diabetes

Schedule
Operation in

Morning
(Pref. lst

case)

Perform
Thorough
CVS Exam

Pre-Op
Lab

Evaluation

Alberti&
Thomas
(1979) GrK
vs s..c.

+
(Pre-Op, l5
min. after
induction,
then qlh, q4,
q24, q48, q72

unable to
determine

+
Type II's
(rDDM)

T

mornrng or
afternoon

unable to
determine

unable to
determine

Thomas,
Platt
Alberti
(1e84) GrK
vs s.c.

regimen

rre-op] ts
min. after
induction,
qlh, q4h, q24,
q48, q72

unable to
determine

IDDM
+

1ro,n" it, nua

surgery early
in morning,
others in
afternoon)

unable to
determine

unable to
determine

Bower et al
(re84) GIK
only

Pr.-Op]
hourly
intervals
thereafter
until infusion
stopped

not
specifically
addressed.

Pre-Op blood
Gl. levels
ranged from
3.3 -22.7
mmo/L

IDDM
+

.
(majonty ol
operations
were in am at

0900 hrs,
some in
afternoon)

unable to
determine

Electrol¡es
urea and

bicarbonate
levels just
before
operation on
most patients

Thompson,
Husband,
Thai &
Alberti
(1e86)
GIK* vs
non insulin
regimen

Pre-Op,
immed. post-

op, q2,4,6 +
8 hrs post-
operatively

unable to
determine NIDDM

-l-

(early AM -

0800)

unable to
determine gtu.orl,

urea,
creatinine,
hemoglobin

Table continued on next page
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Monitor
glucose

Frequently

Optimize
Glucose
Control

Clarifu type
of Diabetes

Schedule
Operation in

Morning
(Pref. lst

case)

Perform
Thorough

CVS Exam

Pre-Op
Lab

Evaluation

Husband,
Thai &
Alberti
(re86) GrK
only

Pre-op,
immediately
post-op, lst,
2nd post-

operative day

+
patients pre-

admined 24 -

48 hours
when
possible to
allow for
pre-operative

stabilization
of blood gl >

10 mmol
with patients

taking
O/HA's not
adequate

IDDM

NIDDM

+
(early AM)

unable to
determine
but patient
admitted pre-
op

+
glucose and
electrolytes

Christiansen
et al (1988)
GIK vs s.c.

regimen

Pre-op
immediately
post-op and 4
hrs later, at

0700 lst,2nd
post-op days

(0700, I 130,

1700,2r00)

unable to
determine
but
glucose

measure-
ments of >25

mmol/L rvere

recorded
prior to
surgery

IDDM
+

(early Am -
0700)

unable to
determine (Hbg.

electrolytes,
urea and
creatinine)

Simmons et

al Q99a)
GIK vs 2
pump
regimen

er.-op]tnt.u-
op and

immediately
post-op (q
hourly)

(patients

with glucose

levels >17

mmol./L
included in
study

IDDM
unable to
determine

unable to
determine

morning of
surgery
glucose &
potassium

Taitelman et

al (1977)
Insulin
Infusion vs

s.c. regimen

Pre-op, then
q2,4,6 &.8
hours)

unable to
determine IDDM

unable to
determine

unable to
determine

Day of
surgery
glucose and
other
metabolites

GIK: GIucose, Insulin and Potassium
*: met
-: not met
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Monitor
glucose

Frequently

Optimize
Glucose
Conhol

Clarifu type
of Diabetes

Schedule
Operation in

Morning
(Pref. lst

case)

Perform
Thorough

CVS Exam

Pre-Op Lab
Evaluation

Goldberg et
al (1981)
Insulin
infusion vs

s.c. regimen

nr.-inå qti,n.
of incision)
and post
operatively
for up to 6
hours

unable to
determine

IDDM -t-

(first case of
dav)

unable to
determine

Day of
surgery
glucagon,

cortisol,
hormone
growth

Pezzarossa

et al (1988)
Insulin
infusion vs

s.c. regimen

e..-tnå-op
on hourly
basis and
Post-op at 4,
8,12,16,200,
24hrs

Patients
admined 24

hrs pre-op
and started
on
inkavenous
glucose

Type II
(NTDDM)
Type I
(rDDM)

unable to
determine

unable to
determine

electrolytes,
creatinine
and urea on
morning of
surgery

Walts et al
(re86)
Insulin by
i..v. bolus
vs s.c.

regimen

+
Pre-op, intra-
operatively on
hourly basis,
post-op and
next morning

unable to
determine

IDDM and

patients on
OFIA's

+

operations
scheduled in
AM or PM

unable to
determine

unable to
determine

Meyers et al
(r e86)
Insulin by
i.v. bolus vs
s.c. regimen

+
Pre, ql, 2
hourly
immediately
post-op in
R.R. and 5 hr.
post-op and in
AM post-op
day | &2

Cited that
some
patients not
optimally
controlled
but required
surgery

IDDM unable to
determine

+
authors cited
other
medical
conditions
e.g. HTN

Non fasting
blood
glucose on
arrival to
hospital

Racoules et
at (1994)
insulin by
i.v. bolus vs
continuous
insulin
infusion
regimen

+
ql5 - 30
minutes and
up to 2 hr post

operatively

not able to
determine

IDDM &
patients

treated with
OHA's

+
prior to l0
AM

patients
excluded
with hepatic
or renal
impairment

+
creatinine,
urea, liver
function tests

GIK: Glucose, Insulin and Potassium
*=met
- : not met
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SUMMARY OF SECTION II

There is paucity of large scaled controlled comparative studies investigating the

effrcacy of the different insulin regimens, especially in patients undergoing operative

procedures on a day surgery or post-operative admission status. There is not enough

evidence presented to indicate that an intravenous insulin infusion provides any more

benefit to the diabetic patient than the subcutaneous method. It is evident from the

studies reviewed that frequent monitoring of blood glucose levels during the

perioperative period is critical when insulin infusions or intravenous insulin boluses are

used. These regimens increase the risk of hypoglycemia, which can result in serious

neurological complications for the patient.

No published studies related to the Stagnaro-Green (1991) principles to enhance

perioperative management of the diabetic patient scheduled for surgery were reported in

the literature.

The author has applied the Stagnaro-Green principles to the previous studies to

determine if the patients were optimally managed. It was not always possible to tell from

the description of the study whether some principles were followed such as completion of

a cardiovascular exam and scheduling of operations in the morning. Monitoring of

glucose frequently was carried out during the studies with pre and post operative

monitoring done more frequently than intra-operatively blood glucose monitoring. Some

studies included patients with hyperglycemia (Bowen et al, 1984, Christiansen et al,

1988) thus optimal glycemic control was not always sought by some of the investigators.

There were few studies which used the terms type I and type 2 to describe the patients

with diabetes and it is diffrcult to discern if a thorough assessment was done to clariff the

type of diabetes (Alberti & Thomas,1979; Pezzarossa et al, 1988). Most studies used the

terms IDDM or NIDDM denoting treatment not pathogenesis. The majority of pre-
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operative laboratory evaluations were done on the morning of surgery instead of one to

two weeks prior to the surgery. 'When 
investigations are done in advance, there is time to

treat abnormalities and optimize the patient for surgery.
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CHAPTER III

METHODOLOGY

This chapter will outline the design and methodology used for this quantitative

study. The sample size, criteria for selection , setting, instruments, procedure, and

methods of data collection and analysis are reported. Changes made to the data collection

tool as a result of the pilot study are also addressed.

Resea¡ch Desien

A retrospective descriptive survey design was used to examine the current

perioperative management of the diabetic patient treated with insulin or OHA's scheduled

for a minor, intermediate or major operative procedure on day surgery basis or post

operative admission basis.

THE PILOT TEST

The pilot test was undertaken to determine if changes were necessary to the data

collection form. It also allowed the investigator to become familiar with the chosen

hospital's charting procedures and organization of information in the subject's health

record. The investigator reviewed six subjects' healthcare records prior to implementing

the formal study.

As a result of the pilot test, changes were made to the data collection form. For

example, to assist in determining the role of the nurse it was evident that it would be

necessary to document the number of times patients were seen by the nurse in the

preoperative clinic and to examine written comments made by nurses regarding
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preparation of the patient for surgery and patients health history. It was also observed

that patients may not have had a post-operative blood glucose done in the recovery room

but may have had a glucose level done on the ward. Therefore, it was decided to

document when this occurred. Pertaining to the classification of Diabetes, it was

necessary to add the following classifications: IDDM and NIDDM. These terms were

also used by healthcare professionals to describe the patient's diabetes. Under

intravenous fluids given intraoperatively, i.v. therapy withheld was added.

THE FORMAL STUDY

The Settine

An urban community hospital in Western Canada was approached for permission

to access their site and the health records of the sample of patients described below.

The Sample

A convenience sample (n= 74) of the health records of diabetic patients being

treated with insulin or OHA's who underwent an elective surgical procedure on a day

surgery basis or postoperative admission basis at a community hospital from the time

period of January 6 to October 31,1997 was chosen.

Patient inclusion criteria are:

c greater than 18 years ofage

" male or female

o patients with known medical diagnosis of diabetes mellitus treated with insulin or

OHA's scheduled for an elective operative procedure on a day surgery or

postoperative admission basis.
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Patient Exclusion criteria are :

e pregnant women with diabetes mellitus

o patients with diabetes mellitus being treated with insulin, OHA's scheduled to have

an operative procedure on an inpatient or emergency basis.

Data Collection Instrumentation

The DiUbaldo data collection tool (see appendix IV) was developed for the

purpose of recording the following variables for analysis: demographic variables such as

age, gender, height ,weight and place of residence. The pre and postoperative blood

glucose level (dependent variable), and the following co-variates of interest: (1) surgical

procedure (will be classified by the investigator as minor, intermediate or major),

(2) type of anaesthesia (general, spinal, local), (3) continuous insulin infusion versus,

(4) subcutaneous insulin method. In the postoperative phase a co-variate of interest is

documentation of whether or not the patient received a telephone call at home checking

on hisÆrer status. Questions to determine the proportion of the principles that were

followed in the management of the patient with diabetes are also included. Pretesting of

the collection tool was done to determine its adequacy of collecting and recording the

data.

The investigator required the medical records department to retrieve the health

records of diabetic patients who had undergone surgery on a day surgery or post operative

admission basis from Januarv 6 to October 31. 1997.

Other Instrumentation

Clinical decisions regarding treatment of the patient's blood glucose level are

made on the basis of laboratory analysis or results obtained by nurses using portable

glucometers on the ward. The reliability of the instruments is determined and staff who
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are responsible for doing the analysis are instructed. There is a routine evaluation of their

analytic technique to ensure accuracy of the results. The laboratory uses an Hitachi 704

blood analyzer and every day a start up calibration is done for all types of blood tests that

will be done that day. Comparison of blood glucose results between the glucometer

(Accu-chek III) on the wards and the Hitachi is done once a week. Correlational analysis

demonstrates that the values fall99% of the time from where they should be. Benz

(1990) suggests each patient have at least one parallel test conducted by the laboratory to

be sure the portable blood glucose meter is accurately measuring the blood glucose. A

quality control program is in place to monitor the accuracy and precision of the

glucometers and to ensure the nurses follow the correct technique to obtain the glucose

reading.

Data Analysis

In consultation with the statistician the Statistical Program for the Social Sciences

(SPSS) was used for all data analysis procedures. A data dictionary was developed to

identify the variables under study and to classiff the data into measurement levels such as

categorical, ordinal, interval, ratio or string, in order to decide what analytical operations

can be performed on the data. Descriptive statistics were used to report data relating to

age, height, weight, BMI, gender, type of surgery, length of surgery and laboratory

investigations. To determine how widely subjects in a sample vary, measurements of

variability such as the range and standard deviation were used. Tables were used to

describe characteristics of the subjects such as age, (mean, range) and proportion of male

versus female subjects and type of operative procedure the subjects underwent (minor vs.

intermediate). In determining if the principles were followed, data from questions 7, 8,

16,17,18, l9,2I,22,24,and26onthedatacollectiontoolwereanalyzed. Forexample,

to see if the blood glucose levels were monitored it was determined how many patients
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had pre, intra and postoperative glucose levels done.

Small numbers prohibited the use of the paired t-test to determine the significance

of the difference between the pre and postoperative blood glucose levels.

Originally it was plærned to use Anova to determine if there were differences in

the blood glucose levels (dependent variable) and the following independent variables,

minor or intermediate surgery, type of anaesthesia (general, spinal, local) continuous

insulin infusion or subcutaneous injection method. However, there were an insufficient

number of blood glucose levels done in the intraoperative and postoperative periods to

justify carrying out this type of analysis.

ETHICAL CONSIDERATIONS

The study proposal was submitted to the Ethical Review Committee, Faculty of

Nursing , University of Manitoba. Upon ethical approval from the committee, a letter

requesting access of the researcher to the chosen hospital rvas submitted. The Request for

Researcher Access form was completed and a copy of the proposal was submitted to the

Director of Research & Special Projects at the hospital. Consent was not sought as this

was a retrospective chart review with the subject not being contacted by the investigator

or undergoing any treatment by the investigator.

In regard to privacy of information, the majority of data was of a technical nature

except for the demographic information which includes age, gender, height, weight and if

the subject was an urban or rural resident. The only person to collect the data and enter

the data for analysis from the chart was the investigator. A data collection tool (form)

was used to collect information from the patient's health record and a data dictionary was

used to categorize the data. Confidentiality of subjects was maintained by having each

form numerically coded to protect the subject's identity. Information matching the
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subject's identity \Mith the code will be kept under lock and key and will be available only

to the investigator. Only the investigator, the thesis committee and statistician, if
necessary, will have access to the coded data.

There is no cost to the subject. There is no direct benefit for the subject whose

health record is being reviewed but there may be benefits for future patients by providing

important information in the perioperative management of patients with diabetes.

SUMMARY

A retrospective chart review of the health records of 74 diabetic patients admitted

to an urban community hospital for day surgery or ovemight admission for a variety of

operative procedures was done to determine the role of the nurse and adherence to the

Stagnaro-Green principles.

The procedure used to carry out this quantitative study as well as the instruments,

sample, setting and ethical considerations have been described.
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CHAPTER IV

RESULTS

During a 10 month period seventy four health records of diabetic patients

undergoing a surgical procedure were reviewed. Table 6 shows the characteristics of the

study cohort by gender. In total there were 43 males (5 8. I %) and 3 I females (41 .9%)

aged 26 to 87 years with no significant difference in age between men and women. Mean

weight of men and women was 84.1 kilograms and 70.0 kilograms respectively. Height

was a variable frequently missing from the health record being recorded only 55.4% (n :

41) of the time. BMI overall was28.2. Seventy-seven percent (n: 33) of men and sixty

eight percent (n:21) of women were treated with oral hypoglycemic agents (OHA's).

Fifty percent of men (n: 10) and women (n: 10) were treated with insulin. Four percent

(n: 3) were treated with a combination of OHA's and insulin. It is possible that these

patients may have exhibited primary or secondary failure to sulfhonylurea (SU) drugs and

one of the choices of treatment is to use a combination therapv of insulin and a SU drus

to achieve glycemic control.
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Table 6

Mean and Standard Deviation of Clinical Data of Study Cohort

Males Females p value

Age (years) 65.2 + | -14.3 62.5+l-14.6 .43

(n = 43) (n:31)

Weight (kilograms) 84.1+l-17.7 70.0+l-17.9 0.002

(n:42) (n:28)

Height (centimetres) 169.6+l-8.4 153.3+/-10.9 .001

(n:24) (n: 17)

BMI 28.4 +l- 4.4 28.0+t-6.6 .82

Current treatment (%)

Oral hypoglycemic agent 77o/o (n:33) 68% (n:21)

Insulin 50% (n: 10) 50% (n: l0)

Table 7 demonstrates perisurgical characteristics of the sample. There were more

operative procedures done on a day surgery basis (51.4%; n : 38) than a postoperative

admission basis (48.6o/o;n:36). Within surgical categories 67174 were either minor or

intermediate procedures. Fiftythree percent (n: 17) and46.9%o (n: 15) of men and

women respectively underwent minor surgery; 60 % (n: 21) and 40 % (n: 14) of men

and women respectively underwent intermediate major surgery. More men than women

had major surgery. Regional anaesthesia was the most prevalent anaesthetic technique

administered to men .
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TableT

Type of Admission. Surgery and Anaesthesia Administered for the Stud)¡ Cohort

Type of Admission Males Females Total

Day

POAB*

Type ofSureery

Minor

Intermediate

Major

55.3% (n:21)

6L.l%(n:22)

**58Yo (n:43)

53.1% (n:17)

60% (n:21)

71.4% (n: 5)

**58Yo (n:43)

44.7%(n: 17)

38.8%(n : 14)

**42o/o (n : 31)

46.9%(n:15)

40% (n: 14)

28.6Yo(n:2)

**42Yo (n = 31)

53.3% (n: 16)

32.1% (n: 9)

40.0%(n:6)

0%(n:0)

**42%o(n:37)

5I.4% (n: 8)*++

48.6% (n:36)***
**100% (n:74)+*+

43.2% (n:32)*++

47.3% (n:35)***

95% (n:7)**+

**100o/o (n:74)**i.

40.5% (n = 30)*+t

37.8% (n:28)**+

20.3% (n = 15)***

1.4%(n:1)t*+

**100% (n:74)

Type of Anaesthesia

General 46.7% (n: 14)

Regional 67.9% (n: 19)

Local 60.0% (n:9)

Intravenous sedation onlyl .4%o (n: l)

**58Yo (n:43)

*Postoperative admission basis (POAB)

** Column percent

*** Row percent
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Table 8 provides data conceming time of surgical procedures. Time of surgery ranged

from 2 minutes to 235 minutes. Within the categories of minor and intermediate surgery

the average time of surgery was similar for men and women.

Table 8

Mean and Standard Deviation of Minutes Related to Tvpe of Sursical Cateeories

Males Females Total

Minor 16.6+l-9.2 14.9+l-7.5 15.8+/-8.3

(n:17) (n:15) (n:32)

Intermediate 55.5+l-25.4 51.6+/-11.1 53.9+/-20.7

(n-- 2t) (n : 14) (n : 35)

Major 179.8+l-37.2 132.5+l-0.71 I 66.3+t-38.1

(n: 5) (n:2) (n: 7)

Purposes of the Study

There were six purposes of the study, namely: (1) determination of adherence to

the six principles as identified by Stagnaro-Green and others in preparing the patient with

diabetes for surgery; (2) determination of the proportion of diabetic patients treated with

insulin with blood glucose levels within the acceptable range of 5 - 12 mmol/L,

(3) determination of the proportion of diabetic patients treated with OFIA's with blood

glucose levels within the acceptable range of 5 - 12 mmolll, (4) determination of

quantitative relationships of blood glucose levels to surgery type, anaesthetic technique
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and insulin regimens; (5) monitoring for evidence of nausea and vomiting and

(6) determination of the role of the nurse. These are described below.

Purpose 1. Determination of adherence to the principles of Stagnaro-Green and

others in the preparation of patients with diabetes for surgery.

a) Monitoring of glucose frequently

Table 9 provides information relating to blood glucose monitoring. Of seventy

four health records reviewed 93.5% (n: 69174) had a preoperative glucose level done.

Glucose levels ranged from 3.3 to 20.1 mmol./L using the accu-chek method and 2.6 to

20.0 mmollL.by laboratory analysis. There were 4 instances when an accu-chek and

laboratory analysis was done simultaneously in the preoperative period. Four percent (n

:3174) had intraoperative glucose levels done. Forty-five percent (n : 33174) of all

patients had a postoperative glucose level done while in the recovery room with no

simultaneous accu-chek or laboratory analysis performed. Ten of thirty eight day surgery

patients had a blood glucose measurement performed by accu-chek and seven patients by

laboratory analysis prior to discharge from the hospital. Only three patients had blood

glucose monitoring performed in the pre, intra and postoperative periods.
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Table 9

Blood Glucose Monitorine on Day of Sureerv

Method

Accu-chek

Method

Laboratory

Preoperative

Range (mmol/L.)

Mean (mmol/L.)

Intraoperative

Range (mmol/L.)

Mean (mmol/L.)

Postoperative

Recovery Room

Range (mmolll.)

Mean (mmol/L.)

Ward

Range (mmol/L)

Mean (mmol/L.)

3.3 to 20.1(n=25)

10.5 +l- 4.2+

11.0(n: 1)

nla

5.4 -18.1(n:26)

9.5 +l-2.6

1.90 - 23.5 (n:21)

t0.6 +l- 5.7

2.6 to 20 (n: 49)

t0.6 +l- 3.2

12.0 tol3.1(n : 2)

r2.9 +l- t.2

3.9 -17.1(n:7)

9.9 +l- 5.2

8 -16.80 (n:2)

12.4 +l- 6.2

+ Standard Deviation

Table 10 demonstrates that some form of treatment for diabetes was given to the

patient in the perioperative period. It was not always possible to discem from chart

documentation if the patient had been told to withhold their OHA or insulin prior to

surgery. Data was therefore coded as missing when nurses or doctors charting did not
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specifically state that the patient had been told to withhold their medication. Out of fifty

four patients treated with OHA's, thirty-four \ryere told to withhold their OHA the day of

surgery. Of the 74 patients,95.gyo (n = 71) received intravenous therapy with the

majority of patients, 79.7% (n: 59) receiving Ringer's Lactate. Other intravenous

solutions used were Normal Saline and Dextrose 5o/o Normal Saline; 4.05% (n:3) had

no intravenous therapy. Of these three patients without intravenous therapy, two were

being treated with Insulin and one with an OHA. These three patients underwent a minor

surgical procedure. Two patients received a continuous insulin infusion intraoperatively

and one patient may have received an intravenous bolus of insulin intraoperatively, but

this was diffrcult to discem from chart documentation. Out of twenty patients treated

with insulin, 17 patients had their usual morning dosage of insulin withheld (includes one

of the patients receiving continuous infusion) and one patient received a partial dose of

their usual dose of daily insulin. It was not possible to discem from documentation on

two patient's health records whether or not they had been told to withhold their insulin.
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Table 10

Periooerative Metabolic Control

Preoperatively Intraoperative Postoperative

OHA's wittrheld

i.v. therapy

a) Ringer's lactate

b) Other

c) No intravenous (n = 3)

Subcutaneous Insulin withheld (n: 16)

(n:34) not applicable not applicable

(n = 71)

(n: 59)

(n: 12)

(n:2)

(n:59)

(n: 12)

Partial dose of Insuhn

Continuous infusion

i.v. bolus*

(n: 1)

(n:2)

(n: 1)

*Charting unclear
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b) Optimize glucose control preoperatively

To assess chronic diabetic control, the patient's health record was reviewed for

evidence of glycosylated hemoglobin(GHb) which measure three components of hgb A,

Ala, Alb, and Alc,. This estimation (normal range 0.04 - 0.06) generally reflects the

state of glycemic control over the proceeding two to th¡ee months. Of the 74 charts

reviewed, there was evidence that two patients had GHb control assessed. In one patient

"Glycated HB " was recorded as 7 .2 %. This information was recorded in a letter from an

Intemal Medicine Specialist to the surgeon. No normal range was given in the letter.

The second patient's glycated hemoglobin was 9.5%with a normal range given as 4.2 -

5.9% total Hb.

Table 11 shows preoperative glucose levels. Sixty two percent (n : 46) of

patients had a glucose level done as part of their preoperative investigations. Of these

measurements, eleven were fasting values, twenty one were random, and one glucose

specimen was sent for analysis but the value was not recorded in the health record. For

13 patients it was not possible to tell if the blood glucose measurements were fasting or

random specimens. Values ranged from 4.2 to 17.50 mmolll (includes fasting, random

and undeclared values).
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Table 11

Preoperative Glucose Evaluation Prior to Day of Surqery

Range of Values (mmol/L.)

Fasting

(n: 11)

Random

(n:21)

*Undeclared

(n:13)

Not done

(n:29)

7.70 - 12.70

4.2 - t7.50

5.30 -17.30

not applicable

* Undeclared: unable to determine if fasting or random

c) Clarification of type of Diabetes prior to surgery

Data was collected to determine the frequency of classification of diabetes .

Table 12 shows the patient's classification as documented in the chart with each

classifications average age, weight and length of operation in minutes. The chosen

descriptors were type 1, type 2,IDDM, NIDDM and unclassified. Two patients were

classified as type I,'7 as IDDM, 17 as type 2, 10 as NIDDM, and 38 patients were not

classified. Examples of descriptive terms used when diabetes was not classified were

"patient with diabetes", "diabetic patient", "patient with diabetes for 11 years". Patients

classified as Type I or IDDM were younger in age and weighed less than those in other

classifications. The mean length of surgery for patients classified as Type 2 or IDDM
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was sixty minutes, a longer time frame than for the other diabetic classifications.

Table 12

Diabetic Classification. Mean and Standard Deviation of Age. Weieht. and Minutes of

Surgery

Diabetic Classification Age (yrs) Weight.(kg) Length of

Surgery (min)

Type 1

Type2

IDDM

NIDDM

Unclassified

2

t7

7

10

38

62.5+l- t3.4

68.4+l-t5.2

47.3+/-t3.6

67.1+l-9.6

64.6+/-13.7

83.8+/- 11.4

83.1+l-t7.5

63.7+l-21.4

70.9+/-10.0

80.7+/-20.4

14.5+l-6.4

60.4+l-44.7

60 +/-65.1

38+/- 18.8

44.7+l-49.3

d) Schedule all elective cases for early in morning

The indicator used to determine if the operation was scheduled in the earlier part

of the morning was the time that the surgeon booked the operation. Before 1000 hours

was chosen as "earlier part of the morning". This time frame should encompass cases

booked as first or second case ofthe day.

Table 13 demonstrates the scheduling of the operations. Eighteen percent (n: 13)

minor operative procedures,24.6yo (n : 17) intermediate and7.2%o (n : 5) major

operations were scheduled by the surgeon before 1000 hours. Out of 35 operative cases

scheduled to begin surgery before 1000 hours ,27 cases or 77 .lo/o actually were started

before 1000 hours, therefore 8 cases were expected to start before 1000 hours but did not
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start until after 1000 hours.

Table 13

Scheduled Operative Times

Minor Intermediate Major Total

Before 1000 hrs

After 1000 hrs

Not Specified

n: 13

n: 18

n: l7

n: 14

n:5
n=2

n: 35

n:34

n:5

Further examination of data determined that 11 out of 20 patients treated with

insulin were scheduled before 1000 hou¡s and24 out of 49 patients treated with OHA's

were scheduled beforel000 hours. There we¡e 5 instances when a scheduled operative

time was not recorded in the patient's (OHA group) healthcare record.

e) Performance of thorough cardiovascular exam.

A record of a history and physical being performed by the surgeon was

documented9S.6% (n:73) of cases. One history form was not completed. Data was

recorded regarding the frequency of other concomitant health problems usually associated

with diabetes such as hypertension, ischemic heart disease (history of myocardial

infarction or angina) and presence of renal impairment. Hypertension was recorded

55.4% (n : 41); IHD 29.7% (n:22); and renal disease 6.8% (n: 5).

Co-morbidity recorded on the patient questionnaire or the surgeon's history form

may result in patients being seen in the preoperative assessment clinic by an anaesthetist.
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Data indicated that 125 (33.78%)] patients were seen by the anaesthetist or an Intemal

Medicine Specialist [n: 10 (13.5%)] prior to surgery. No patients were referred to an

endocrinologist prior to surgery. Laboratory data which can contribute to the assessment

of the patient are addressed in the evaluation of the next principle.

Ð Preoperative Laboratory Evaluation of Patients With Diabetes

The sixth principle relating to recommended laboratory evaluations for diabetic

patients in preparation for surgery are shown in Table 14. Fifty-six patients underwent

electrocardiography (EKG). Because of the hospital's protocol that does not require

EKG's preoperatively for individuals under 50 years of age, fourteen diabetic patients did

not undergo this evaluation.

Table 14

Pre-admission Pre-operative Laboratory Evaluation of Seventv-Four Patients with

Diabetes

Laboratory Analysis n %

Sodium

Potassium

Urea

Creatinine

Glucose

Urinalysis

(EKG)

45

45

32

JJ

46

23

56

60.8

60.8

43.2

44.5

62.1

31

75.7
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Purpose 2.)

a) Proportion of diabetic patients treated with insulin (n = 20) with blood slucose

levels within the acceptable range of 5 - 12 mmol/L.

Table 15 shows that there were 16 blood glucose measurements between 5 -

12 mmol/I-. on 20 patients distributed over the pre, intra and postoperative periods within

the acceptable range of 5 - 12 mmollL.

Table l5

Blood Glucose Values in Acceptable Ranee in Patients Treated With Insulin

Blood Glucose Value blw 5-I2 Analysis Method Analysis Method

Accu-chek Lab

Preoperative

Intraoperative

Postoperative

0

I

5

8

0

2
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b) Table i6 displays the number of times measurements were outside the chosen

parameter at various stages of perioperative period.

Table l6

Blood Glucose Values not in Acceptable Ranee in Patients Treated With Insulin

Blood Glucose Values not b/w 5 - 12 Analysis Method Analysis Method

Accu-chek Lab

Preoperative

Intraoperative

Postoperative

Purpose 3

a) Proportion of diabetic patients treated with OHA's (n: 54) with blood glucose

Ievels within the acceptable ranee of 5 - l2 mmolil.

Overall, 56 measurements on 54 patients were distributed over the pre, intra and

postoperative periods within the standard of 5 - 12 mmo[. The following results were

obtained and are displayed as follows:

4

1

J

5

0

I
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Table 17

Blood Glucose Values within Acceptable Range in Patients Treated With OHA's

Blood Glucose Values blw 5 -I2 Analysis Method Analysis Method

Accu-chek Lab

Preoperative

Intraoperative

Postoperative

Table 18

Blood Glucose Values Not in Acceptable Range in Patients Treated'-a¡ith OHA's (n : 54)

Blood Glucose Values not b/w 5-12 Analysis Method Analysis Method

Accu-chek Lab

Preoperative

Intraoperative

Postoperative

Purpose 4) Small numbers prohibited the analvsis of the relationship of blood

qlucose levels to surgery t-vpe. anaesthetic technique and insulin infusion versus sc.

reqimen.

L4

U

l8

I

0

t2
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Pumose 5) Monitoring for evidence of nausea and vomiting

According to documentation written by nurses on health records, only 2 patients

complained of nausea. A 64 year old female treated with an OHA, diabetes was

classified as NIDDM. A fasting preoperative level of 11.6 mmol/L. was identified by

laboratory analysis. The patient underwent laparscopic cholecystectomy, lasting

45minutes with an intravenous of ringer's lactate administered. Postoperatively in

recovery room she complained of nausea and had small amount of emesis. She received

an anti-emetic. A postoperative blood glucose level was not performed. The next

recorded blood glucose level was 12.2 mmolll- at 0800 hours the following day.

A 45 year old female treated with an OHA, with diabetes not classified. A

fasting preoperative blood glucose was 20.lmmoL.,by accu-chek at0715 hours and

15.6 mmol/L. by laboratory analysis at 0756 hours. The patient underwent a total

abdominal hysterectomy and bilateral salpingoophorectomy lasting 132 minutes and an

intravenous of ringer's lactate was administered. An intraoperative blood glucose was not

performed. Postoperatively she complained of nausea, but did not experience emesis. An

antiemetic was administered to the patient. A blood glucose done in recovery room by

accu-chek was 14.4 mmolll. The patient was given her usual OHA at 2200 hours when

glucose level was l6.7mmollL.

Purpose 6) Role of the nurse in perioperative care.

Specific charting authored by a nurse was seen in 54 (73%) of the health records

reviewed. These recordings indicated that a nurse had face to face contact with patients

prior to their surgery. Nurses were also involved in contacting patients by telephone

regarding medications and other preoperative instructions as documented in the chart.

Nurses documented that pre and postoperative teaching had been done with the

patient. Information pertinent to the patient's health history such as length of time the
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patient had diabetes and treatment with insulin or OHA's was also provided by the nurse.

Other health problems the patient had such as hypertension were listed by the nurse. This

information was documented on the nursing assessment form.

There was documentation in the chart indicating that the nurse advised 63%

(n: 34) patients to withhold OHA's on the moming of surgery. Charting by the nurse

indicated that the patient was questioned on arrival to the ward if he/she had administered

insulin prior to coming to the hospital. There was documentation indicating that 52.7Yo

(n: 39) patients had received w¡itten information pertaining to pre and postoperative

care instructions relating to their surgery from the nurse.

According to hospital protocol nurses are responsible for collecting blood samples

from patients and performing accu-cheks to determine blood glucose values. Forly nine

preoperative blood glucose levels were measured by laboratory analysis and twenty five

were done by the accu-chek method. Accu-chek and laboratory analyses were done

simultaneously on 4 patients preoperatively. Five subjects had no preoperative blood

glucose levels recorded. In the recovery room area blood glucose levels were ascertained

by accu-chek (n:26) and laboratory analysis (n:7) with no simultaneous measurements

of blood slucose levels.

Results of Hypothesis testing:

1. The first hypothesis that blood glucose levels will be assessed in the pre, intra and

post op periods on all patients was rejected. Blood glucose values were recorded93.5Yo,

4.lo/o and 44.6% in the pre, intra and postoperative periods respectively.

2. The second hypothesis that type of diabetes (Type 1, Type 2) will be recorded in

all diabetic patients' health records was rejected. More than one half of the patients

(51.5%) did not have diabetes classified.

3. The third hypothesis that all patients with diabetes are scheduled as first operative
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case of the day was rejected. Thirty five of seventy four surgeries were not scheduled

early in the day. Out of 35 operative cases scheduled to begin sugery before i 000 hours,

27 cases or 77 .IYo were actually started before 1000 hours, therefore 8 cases were

expected to start before 1000 hours but did not start until after 1000 hours.

4. The fourth hypothesis that all patients will have undergone a physical exam either

by the family physician, the anaesthetist, or other medical specialist prior to the operative

procedure was accepted. Data indicated that33.8Yo (n:25) of patients were seen by the

anaesthetist prior to surgery. There were 98.6To (n = 73) of patients who had a history and

physical completed by the surgeon. One patient did not have a history completed and

was not seen by an anaesthetist or other specialist.

5. The fifth hypothesis that all patients will have under gone appropriate

preoperative laboratory evaluations such as electrol¡es, blood glucose, creatinine,

urinalysis and other investigations such as electrocardiography was rejected. The

following number of patiènts had measurements performed: electrolytes 60% (n:45),

creatinine 44.5% (n:45), urea43.2%o (n = 33), urinalysis 3l% (n:23) and EKG 76%

(n: 56).
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CHAPTER V

DISCUSSION

This chapter will be a discussion of the findings and limitations of the study.

Implications for nursing practice and recommendations for future research will be

included.

Discussion of Findines

This study identified a cohort of individuals with diabetes who underwent surgical

procedures at an urban community hospital. It is well established that diabetes mellitus is

associated with long term complications such as cerebral vascula¡ accident,

cardiovascular disease (atherosclerosis, hypertension, congestive heart failure),

neuropathies (autonomic, peripheral, retinopathy) changes in the gastrointestinal system

(delayed esophageal and gastric emptying), renal impairment, predisposition to infections

and impaired wound healing. The risk of developing these long term complications of

diabetes increases with longer duration of the disease (Funnel & Merrit, cited in Haire-

Joshu,1996). The major acute complications associated with diabetes mellitus a¡e

diabetic ketoacidosis @KA), hyperglycemia nonketotic syndrome (HHNK) and

hypoglycemia.

Management of diabetics undergoing surgery is particularly important because of

the occurrence of the metabolic stress response associated with surgery which has more

significant effects for the diabetic patient due to the altered metabolism associated with

the disease and complications from diabetes such as coronary atherosclerosis. It is now

thought that the presence of associated complications is a greater hazard during

anaesthesia and surgery than the diabetes itself (Litt & Roizen,1988; Scherpereel,l990
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cited in Milaskiewicz &.Hall,L992). Significant sequela of autonomic neuropathy

includes impaired pain response and altered response to stress. Painless myocardial

ischemia may occur in this group of patients (Wells, 1993). Patients with impaired renal

function secondary to diabetes are prone to fluid and electrol¡e imbalance, dehydration

and obtundation (Carrol & Matzs,1982; Clements & Vourganti,1978, cited in Gavin,

1989). The possibility of associated complications in this population demonstrates the

importance of performing appropriate investigations, accurately recording health

information and evaluating the information in conjunction with the patient's health status

prior to surgery.

In the past, patients would have been admitted one to two days before their

surgery but changes in the healthcare system have resulted in patients being admitted on

the day of their sugery. This study identified more surgical procedures were done on a

day surgery basis than patients being admitted the day of their surgery and staying

overnight (post operative admission basis, POAB). This change in practice has resulted

in some hospitals having preoperative assessment clinics where patients are seen prior to

surgery so their health status can be assessed and appropriate treatment initiated as

necessary. This study identified forty six patients were seen in the preoperative

assessment clinic prior to their surgery. These patients may have been seen by an

anaesthetist, nurse, physiotherapist, or pharmacist depending on the patient's health

problems and operative procedure.

In general the quality of information accumulated during the course of patient care

is dictated by several factors including the depth of available information for decision

making, the breadth of information available and the accuracy of the information

communicated. In diabetic surgical patients who may have co-morbid conditions

discussed earlier the quality of information recorded is especially important. According

to Wagner (1995) "surveys and audits reveal failures to comply with well established
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guidelines for the critical clinical aspects of care for patients with a host of chronic

conditions" (cited in Bodenheimer, 1999,p.1202). This study, using principles of care

related to management of diabetic patients undergoing surgery determined chart data as

one method to determine quality of information available in caring for these patients.

This chart review identified almost equal distribution of men and women having

minor surgery, while more men underwent intermediate and major surgery as compared

to women (see Table 7). Ithas been identified that minor surgical procedures produce

less metabolic derangement than major operations (Christiansen et al,1988). This study

identified minor surgical procedures with an average surgery length of 15.8 minutes. A

greater number of men (n: 19) underwent regional anaesthesia compared to women

(n: 9). Female patients underwent operations requiring general anaesthesia such as

breast biopsy, mastectomy and laparscopic cholecystectomy. Men had surgical

procedures such as repair of inguinal hernia, transurethral resection of the prostate,

cystourethroscopy and circumcision for which a spinal or epidural anaesthesia are

appropriate. It has been identified that spinal anaesthetics have minimal effects on

glucose metabolism as compared to general anaesthetics (Alberti,I979). Lower blood

glucose levels have been found in those patients having spinal or local anaesthetics for a

surgical procedure (Keith & Piper,1989).

Stagnaro-Green's first principle emphasizes frequent monitoring of blood

glucose levels. This principle is not new. In 1979 Alberti advocated that ideally blood

glucose measurements should be obtained before the operation, once or twice during the

operation (depending on duration of surgery) then2 -3 hourly after the operation until the

patient is eating or at least until the moming after the operation. The primary goal of

management for patients with diabetes undergoing surgery is to avoid hypoglycemia,

marked hyperglycemia, ketoacidosis, and fluid and electrolyte imbalances (Alberti,l979).

A review of the literature identifies an inconsistency among authors to agree upon a range
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of glycemic control that is the most beneficial to the diabetic patient having surgery.

According to (Kelly & Kelly, i991) patients having elective surgery should have blood

glucose levels in the range of 6.6 -12.2 mmol/L. Stagnaro-Green (1991) cites as a

desirable blood glucose range of 8.3 - 13.8 mmol/L. Most of the studies previously

reviewed relating to the efficacy of different insulin regimens aimed for glucose levels

between 5 - 12 mmolll. (Thomas , Platt & Alberti,1984;Pezzarossa et al 1988:

Christiansen et al, 1988; Husband, Thai & Alberti, 1986).

A survey of anaesthetists, based at three main hospitals in Bristol, England

showed that 5yo of anaesthetists would postpone surgery if the blood glucose was 10.0 -

14.9 mmolll, whereas 7 Yo did not cancel until the blood glucose was greater than 25.0

mmolll. The majority (65 %) would not cancel the operation unless the pre-operative

blood glucose was greater than 20.0 mmol/L (Clark, Currie & Hartog, 1992). This cha¡t

review identified the majority of patients (93.5%) had a fasting preoperative blood

glucose level done on the day of surgery with blood glucose values ranging from 3.3 -

20.1 mmol lL.by accu-chek analysis and blood glucose levels ranging from2.6 - 20

mmolll. by laboratory analysis. In the one case, a value of 20.1 mmol/L. was recorded

by accu-chek with a simultaneous laboratory value of 15.6 mmol/L. It is well established

that hyperglycemia can be detrimental to the patient because osmotic diuresis,

hypovolemia, electrolyte disturbances and ketoacidosis may occur. According to Shuman

cited in Ouelette (1998) if the fasting blood glucose level is greater than22.2 mmol/L. or

any evidence of ketosis is present, elective surgery should be postponed. Nine

measurements done by accu-chek and five measurements done by laboratory analysis

found blood glucose values greater than12 mmol./L. with the majority of values falling

between 13 to 15 mmol/L. The highest blood glucose value recorded was 20.1 mmol/L.

and as evidenced by nurses, no patient presented with clinical signs of ketosis. In the

present study no surgery was canceled.
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There were three patients with preoperative fasting blood glucose levels below 5.0

mmol/L. Fasting results in a dec¡ease in blood glucose and insulin with a rise in lipid

metabolites which serve as alternative fuels and aid in the preservation of tissue protein

(Thomas, Platf &, Alberti,1984). Patients treated with OHA's or insulin may be advised

to withhold these medications the morning of surgery so as to prevent hypoglycemia.

The consequences of hypoglycemia may be serious cerebral dysfunction, impaired

cardiac function, pulmonary edema, bleeding from the surgical site and death (Shuman

cited in Kelly & Kelly, 1991). Patients with renal impairment are especially prone to

hypoglycemia because of the prolonged action of insulin (Kelly & Kelly, 1991). One

IDDM patient having a minor operative procedure under local anaesthesia, had a fasting

preoperative blood glucose level of 3.3 mmolll. by accu-chek on the day of surgery.

There was no blood glucose measurement done as part of preoperative evaluation prior to

procedure so the patient's diabetic control was unknown. It was not possible to

determine from chart documentation if patient had self-administered or withheld insulin

prior to or after the procedure. This patient did not eat prior to discharge and no

postoperative blood glucose level was performed. The intravenous fluids may have

increased the blood glucose level to within normal levels, however glucose values were

not determined prior to discharge.

A day surgery patient with NIDDM, undergoing a minor procedure performed

with i.v. sedation had a fasting blood glucose level of 4.3 mmoL/L. by accu-chek. It was

not possible to determine from chart document if the patient was advised to withhold

OHA prior to procedure. This patient did not have a postoperative blood glucose

measurement perfiormed but ate prior to discharge helping to reduce the possibility of

hypoglycemia.

A NIDDM patient with a blood glucose of 2.6 mmolll. done by laboratory

analysis underwent intermediate surgery (total colectomy) under epidural anaesthesia,
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with a surgery length of 105 minutes. The patient was administered ringer's lactate

intravenously. There was no intraoperative glucose level done; a postoperative blood

glucose level was done at 1210 hours with a result of 6.3 mmol/L. A blood glucose level

of 2.6 mmol/L. is considered hypoglycemic requiring treatment. This patient did receive

an intravenous of ringer's lactate, however, there was no intraoperative blood glucose

measurement performed to assess glycemic control. None of these patients with

hypoglycemia had a general anaesthetic but the patient with the preoperative blood

glucose of 2.6 mmol./L did have a regional technique with intravenous sedation. It is

possible that the patient may be sedated enough so that he/she is not aware of

hypoglycemic symptoms.

There were only three patients (4.1%) who had intraoperative blood glucose

measurements. Two of these patients were being teated with Insulin and had major

surgery. Both patients received insulin inhaoperatively either by intravenous bolus

(diffrcult to discern from documentation) or insulin infusion. The patient who may have

received the insulin bolus had hourly blood glucose measurements performed (accu-chek)

which parallels the recommendation of Stagnaro-Green and others (Alberti, 1979, Hirsch,

McGill &. Cryer,1991). This patient also had electrolytes, urea and hemoglobin levels

evaluated postoperatively. As the patient with diabetes is more prone to fluctuations in

electrolyte imbalances, the determination of the patient's electrolyte status was an

appropriate action. Insulin infusions in a poorly controlled diabetic with normal serum

potassium may result in severe hypokalemia. This patient's preoperative fasting blood

glucose was I4.7 mmol./L. and the preadmission random blood glucose was 14.6 mmol./L.

The second patient received an insulin infusion intraoperatively and had one

intraoperative glucose measurement performed (laboratory analysis) during the235

minute procedwe. Two postoperative blood glucose measurements were performed in

the recovery room with the second value recorded at 1.9 mmol/L. by accu-chek. The
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insulin infusion was discontinued. Obtaining the blood glucose measurement by accu-

chek allowed for quicker determination of the blood glucose level with treatment being

initiated sooner. Hypoglycemia should be treated immediately to avoid serious

neurological effects for the patient.

The third patient was classified as NIDDM and had preoperative fasting blood

glucose level of I 1.0 mmol/L. The patient underwent an intermediate surgical procedure

under general anaesthesia lasting 56 minutes. Intraoperatively, a blood glucose value of

12 mmol/I-. by laboratory analysis was obtained. An insulin infusion of I unit per hour

was administered to the patient and ringer's lactate was administered intravenously. The

postoperative blood glucose in recovery room was 6.9 mmol/L. by accu-chek. the

infusion was discontinued in recovery room. Some authors advise caution when using

ringer's lactates as the lactate converts to glucose and may promote hyperglycemia

(Shuman cited in Kelly & Kelly, 1991).

Two of the above patients were administered a general anaesthetic during surgery.

Hypoglycemia in the anaesthetizedpatient is almost impossible to detect without blood

glucose measurements (Kelly & Kelly, l99l). Hypoglycemia may cause tachycardia,

lacrimation, diaphoresis, hypertension and a change in mood. It is possible that these

signs may be interpreted in the anaesthetized patient as inadequate instability or

hemodynamic instability (Alberti, Gill & Elliot, 1982). Therefore, hourly blood glucose

measurements should be taken and treatment adjusted accordingly.

Five other patients had different operations that lasted over 5 hours, but did not

have monitoring of the blood glucose levels intraoperatively nor did they receive insulin

intraoperatively. All five patients had postoperative blood glucose measurements done.

Two of the three patients previously discussed had major vascular surgery lasting over

three hours and there would be agreement that insulin may be required to maintain

glucose homeostasis for these patients during such surgery, especially if the patient is
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insulin dependent (Alberti, 1979; Hirsch & McGill). It has been suggested that there is a

reduced desire for aggressive approaches toward maintaining blood glucose

concentrations at or near normal because of the risk of precipitating a serious

complication such as cerebral vascular accident due to hypoglycemia (Rossini, 1976). It

is recognized that tight control may increase the risk of a hypoglycemic event (Master,

Ellers & Decherney,1996). There are different regimens suggested for intraoperative

glucose m¿magement such as continuous insulin inî.lsion, intravenous boluses of insulin

and administering insulin subcutaneously, but no matter what the regimen, monitoring of

glucose levels is required (Alberti, 1991). Most of the studies reviewed identified that

glucose monitoring was carried out pre, intra and post operatively (Alberti & Thomas,

lgTg,Bower et al, 1984, Pezzarossa, et al, 1988, Simmons et al,1994, Thomas, Platt &

Alberti, 1984). In the Racoules et al (1994) which compared the metabolic effects of

Insulin intravenous boluses to a continuous infüsion of insulin, there was very frequent

monitoring of blood glucose levels every 5 minutes from just before induction of

anaesthesia until2 hours after during surgery. There was one case of hyperglycemia in

each group and one case of hypoglycemia in the bolus group even with frequent

monitoring. This demonstrates how quickly hypoglycemia can occur. This type of

frequent monitoring, that is every 5 minutes, is labour intensive and is probably

impractical in most hospitals.

There were 44.6Yo (n = 33) of subjects who had a postoperative blood glucose

level one while in recovery room and29.7% (n:22) had a glucose level done on the

ward. All patients (n: 7) who underwent major surgical procedures had blood glucose

measurements done postoperatively. It has been suggested that monitoring of blood

glucose levels be done through the postoperative period until blood glucose levels have

stabilized (Alberti, Gitt & Elliot,l982; Hirsch, McGill, Cryer & White, 1991). Stagnaro-

Green (1991) advocates that close monitoring must occur until the patient eats. Of 38
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patients who had surgery on a day surgery status, 25 patients ate prior to discharge.

Eating prior to discharge is beneficial as it lowers the risk of hypoglycemia. However, of

the 38 patients who were day surgery status, 10 patients had postoperative glucose

monitoring performed by accu-chek and 7 by laboratory analysis. The majority of day

surgery patients were discharged without knowledge of the patients' blood glucose level.

A study reviewed the records of 100 patients who underwent minor, intermediate

and major surgery under a general anaesthetic (Maser, Ellers & DeCherney, 1996). Of

the study group 89 %had preoperative,Z3Yo intraoperative and S|%hadpostoperative

glucose monitoring. Postoperative glucose measurements were significantly higher than

preoperative glucose levels. Individuals treated with insulin and those who underwent a

major operation were more likely to have glucose levels monitored. The authors

concluded the results suggest that better strategies for monitoring glucose levels during

the surgical period are needed. Another retrospective chart review assessed the glycemic

management of surgical patients \Mith IDDM (Farkas-Hirsch, Boyle & Hirsch, 1989,

Abstract). In examining blood glucose management of 85 surgical procedures in 7l

patients it was found that 35 % of patients did not have any blood glucose measurement

intraoperatively. Also seven out of eleven patients with postoperative hypoglycemia

(blood glucose < 3.3 mmol/L) did not have intraoperative blood glucose measurements

(Farkas-Hirsch, Boyle & Hirsch, 1989). This study also identified more frequent

monitoring of blood glucose levels preoperatively (93.5%), with a significant decline of

measurements performed intraoperatively (a%) and an increase of monitoring

postoperati v ely (4 5%).

The second Stagnaro-Green principle is optimize Glucose control

preoperatively. It has been documented that the major determinant of intraoperative

blood glucose levels was preoperative control (Fletcher, Langman & Kellock,1965 cited

in Stagnaro-Green, 1991). The better control preoperatively, the easier it will be to affect
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good perioperative control. Studies have also demonstrated that patients with

hyperglycemia prior to surgery had a higher frequency of postoperative infections than

those patients with better glycemic control. (Gavin, 1992). Gavin (1992) cites that

improved control during the perioperative period (blood glucose values between 6.6 and

10 mmol/L) reduces the morbidity from fluid and electrolyte imbalance, decreases the

risk of infection, and perhaps increases the wound healing rate. Due to same day surgery

hospital admissions it is not always possible to achieve optimal metabolic control,

therefore it is important to refer the patient for outpatient evaluation prior to surgery so

there is more time to maximize the patient's metabolic status (Gavin, 1992). Patients

should be seen prior to surgery to determine their clinical status. If the patient is

experiencing symptoms of bluned vision, polyurea, and polydypsia which suggest poor

glycemic control, validation by laboratory analysis should be sought.

Glycosylated hemoglobin (GHB) was chosen as a measurement to determine the

patient's diabetic control over the proceeding two to three months. Glycosylated

hemoglobin refers to the components of hemoglobin (hgb) that have glucose attached.

After six months of age , at least 90 % of the total hgb is hgb A, and this hgb A contains

three components that have glucose attached. Laboratories may measure one of these

components or all three for the GHB values. The three minor hgb that have glucose

attached are Ala, Alb, and Alc. Hgb Alc is the most aburdant of the three, so it is

sometimes used for the test. It is possible for laboratories to measure all the hgb Al and

just designate the test GHB or glycohemoglobin. Therefore, it is important to know

which type of test is being done as hgb A1 is always 2 - 4% higher than hgb Alc

(Corbett, 1992). Gavin (1992) considers a glycosylated hemoglobin of greater than 10%

as high. The 1998 Clinical practice guidelines for the management of diabetes in Canada

cite the following ranges for glycated hemoglobin(% of upper limit) HbAlc assay : Ideal

0.04-0.06; Optimal less than 0.07; Suboptimal 0.07-0.084; Inadequate greater than 0.084
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Only two patients' observation 36 (41) and 64 (69) possibly had glycated

hemoglobin levels done. Measurements were7.2 % (normal value 4.2 - 5.9 % of total

hemoglobin) and 9.5Yo for the second patient. The latter value was taken from a letter on

the chart written by an Intemal Medicine Specialist to the surgeon and no normal values

were given. It is also impossible to tell the exact nature of the test from the description

"glycated hemoglobin", as this may be Hb Alc or hgbAl. This same patient had a

measurement of l2o/o approximately 8 months prior to the value of 9.5%o. If one uses the

normal values of 4.2 - 5.9 % or the levels in the new Canadian practice guidelines then

both these patients do not have adequate glycemic control.

Of the study cohort (n= 74) there were 28 patients who did not have any glucose

measurements done as part of their preoperative evaluation. Therefore, no knowledge of

increased blood glucose levels existed in this group of patients. Blood glucose

measurements performed were not always a fasting value, some measu¡ements were

random and some were undeclared. This study identified random and undeclared blood

glucose values as high as 17.50 mmolll. Random and undecla¡ed values make it

difficult to determine accurately the patient's glycemic control. If the blood glucose level

is extremely high the surgery may have to be postponed until the glucose level is lower.

Hyperglycemia is associated with diabetic ketoacidosis and neurological ischemia,

(Sieber, Smith, Trayman, Wollman, 1987; Pulsinelli, L.r.y, Sigsbee, Scherer, Plum,1983;

Levine, Welch, Helpem,1989; Duck¡ow, Beard, Brennan, 1985; Berger, Hakim,l986,

cited in Maser et al ,1996), impaired wound healing and predisposition to infection

(Terranova,1,99I) hyperkalemia (Popp, Achtenberg, Cryer,1980) and other problems

such as changes in drug metabolism (Strother, Chau, 1980 cited in Maser et al, 1996).

Postponement of surgery may result in the patient becoming emotionally upset as time

away from work may have been arranged or family members may have made

arrangements to stay with the patient in the postoperative period. It is also inefficient use
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of operating time as it is not usually possible to schedule another patient for surgery with

such short notice. Medical evaluation preceding surgery should include an assay of the

glucose level for all patients (Maser et al, 1996).

The third Stagnaro-Green principle is clariff type of diabetes. The Canadian

Diabetes Association in the Clinical Practice Guidelines for the Management of Diabetes

in Canada has proposed that the terms IDDM and NIDDM be eliminated but the terms

"Type 1" and "Type 2" diabetes be retained. The terms IDDM and NIDDM are based on

treatment rather than pathogenesis and can be confusing (CMAJ, oct. 1998). It is

recognized that people with any form of diabetes may require insulin treatment at any

stage of their disease. A study done by Racoules and colleagues (1994) examined the

efficacy of different insulin regimens in patients with IDDM or NIDDM. Hirsch (1996)

identifies the possibility that some of the insulin treated patients actually had NIDDM,

especially since their mean age was 52 years. Patients may be misclassified or a study

will include a heterogenous mix of patients and conclusions are extrapolated to all

patients. He suggests that the data from the Racoules study is not applicable to patients

with IDDM.

Type I diabetes primarily results from pancreatic beta cell destruction and these

patients are prone to diabetic ketoacidosis (DKA) a serious metabolic disturbance.

Insulin requirements often increase in response to the stress of surgery and stress can

precipitate ketosis or DKA. Patients with Type 1 diabetes may be difficult to intubate

because of inability to extend the atlanto-occipital joint. This syndrome is known as stiff

joint syndrome (SJS) and is present in33 % of patients with diabetes (Rosenbloom, 1984

cited in Ouelette, 1998). This incidence demonstrates the importance of clarifring the

patient's diabetes and in performing a thorough history and physical.

Patients with Type 2 diabetes may take insulin to ensure adequate control of

glucose levels (Gavin, 1992). Type2 diabetics may have predominant insulin resistance
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with relative insulin deficiency to a dominant secretory defect with insulin resistance

(White & Henry, cited in Haire-Joshu,1996). Patients with NIDDM tend to have

increased peripheral resistance and reduced insulin secretion perioperatively (Campbell,

Mandarino & Gerrich, 1988; Defronzo,l988; Shamoon, Hendler & Sherwin, 1981 cited

in Gavin, 1992). Thus, this group of patients' insulin requirements are frequently greater

than anticipated.

Hyperosmolar nonketotic coma syndrome (HNKC) is the most common severe

metabolic derangement in Type 2 diabetes mellitr¡s. The mortality rate is higher than that

in diabetic ketoacidosis, primarily because these patients are older and frequently have

significant other health problems that either precipitate or are precipitated by DKA

(\ilhite & Henry, in Haire-Joshu,l996). Hyperosmolar hyperglycemic Nonketotic coma

(HHNKC) in the postoperative period has been reported with NIDDM patients. HHNKC

is characterized by marked hyperglycemia, plasma hyperosmolality, profound

dehydration, absence of ketoacidosis amid variable mental status changes (Hirsch &

McGill, 1990). Obesity in Type 2 patients may make intubation difficult and obese

diabetic patients undergoing cardiopulmonary bypass may require more insulin during

surgery to ensure glycemic control (Ouelette,1998). Calculation of a patient's BMI

would enable a more accurate diagnosis of obesity thus alerting nurses and anaesthetists

to potential problems associated with obese diabetic patients. This study identified that

33 patients could not have a BMI calculated because height had not been recorded.

It behooves the healthcare professional to determine the type of diabetes so that

the patient is observed for signs and symptoms associated with the possible complications

of either Type 1 or 2 diabetes. In this study 38 patients (n: 74) did not have their

diabetes classified which may result in inappropriate perioperative management of the

patient. It was observed once that healthcare professionals used the terms Type 1 and

IDDM to classiff the same patient demonstrating how the terms are interchanged. As
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pointed out by Hirsch (1996) the possibility exists that the patients may be misclassified

and patients labeled as IDDM may have Type2 diabetes.

Stagnaro-Green recommends to schedule all elective cases early in the

morning. There is a direct correlation between the number of hours a diabetic is not

allowed to eat and the chance of marked hyperglycemia or hypoglycemia (Stagnaro-

Green,1991). Patients with diabetes having elective surgery should be scheduled as early

in the day as possible to avoid potential metabolic complications (Schiff &

Emanuele,l995). It is diffrcult to maintain metabolic status in the fasting state. Type I

diabetic patients require insulin to avoid ketosis, and while fasting are at risk of

hypoglycemia if an intravenous of dextrose solution is not administered. Monitoring of

blood glucose levels is important. Patients on OHA's especially the longer acting agents

are also at risk for hypoglycemia while fasting (Friesen, 1994).

Out of 35 operative cases scheduled to begin sugery before 1000 hours,27 cases

or 77.1%o actually were started before 1000 hours, therefore 8 cases \¡/ere expected to

start before 1000 hours but did not start until after 1000 hours. It may be possible that

because of blocked operating room time assigned to the surgeon, it was not possible to

schedule the diabetic patient's surgery in the earlier part of the moming.

A fifth principle of Stagnaro-Green is performance of a thorough cardiovascular

exam. There is high prevalence of cardiovascular disease in patients with diabetes

especially atherosclerotic heart disease. Angina and myocardial ischemia may be silent

owing to the autonomic neuropathy of diabetes. In a study by Meyers et al (1986) in

which the efficacy of the i.v. bolus method to s.c. insulin was compared 68%o of patients

treated with insulin had HTN and 48 o/ohad renal impairment. Hypertension (HTN) is

commonly associated with diabetes mellitus and this study also identified patients with

HTN, ischemic heart disease and a small number of patients with renal impairment.
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It is recommended that the patient's cardiac status be evaluated prior to surgery,

Stagnaro-Green,l991; Schiff & Emanuele, 1995; Hirsch et al, i991). The importance of

this recommendation is demonstrated by a retrospective review of all diabetics who

underwent surgery at New York Hospital by Mackenzie and Charlson (1988) who found

a pre-operative history of congestive heart failure or valvular heart disease to be

predictive of perioperative cardiac morbidity and mortality. Preoperative evaluation of

patients should begin with a thorough history and physical with particular attention

focused on a history of previous cardiac disease and current cardiac symptoms.

Schiff and Emanuele (1995) suggest that the physical exam include a thorough

cardiovascular evaluation, examination of peripheral pulses and the change in pulse rate

with respiration, a neurologic examination and checking for orthostatic hypotension in

those with long-standing diabetes (Pfeifer & Peterson, cited in Schiff and Emanuele,

1995). Autonomic neuropathy may compromise neuroreflex control of the

cardiovascular and respiratory responses to stress generated by disease, swgery and

anaesthesia (Gibert,1991). Patients with autonomic neuropathy are at risk of developing

perioperative hypotension (Burgos, Ebert & Asiddao,1989 cited in Schiffand Emanuele,

1995) and are at increased risk for cardiac arrest during surgery (Hirsch et al ,1991).

Data indicated that 33.7% (n:25) of patients were seen by the anaesthetist in the

preoperative assessment clinic prior to surgery. In reviewing letters written by the

anaesthetist to the surgeon there was an emphasis on evaluation of the ca¡diac status of

the patient. Recommendations would be made for further investigations as necessary.

The anaesthetist would also comment if he/she concluded that patient's health status was

satisfactory so that surgery could proceed. If the patient was not fit for surgery the

anaesthetist recommended further evaluation by another medical specialist such as

cardiology, internal medicine or endocrinology. There were 13.5% (n: 10) patients seen

by an internal medicine specialist prior to their surgery. The majority (98.6%) of patients
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had a history and physical form completed by the surgeon before surgery.

A sixth principle is preoperative laboratory evaluation of patients with

diabetes mellitus prior to surgery. This evaluation should include blood glucose,

electrolytes, blood urea nitrogen and creatinine, urinalysis and electrocardiography.

Evaluation of renal function is important as end-stage renal disease from diabetic

nephropathy will develop in about 35o/o of patients with IDDM (Galloway & Shuman,

1963 cited in Hirsch et al, 1991). A serum creatinine test alone is not sufficient since its

level usually remains normal until renal disease is advanced (Morgenson, Ch¡isten &

Vittinghas, 1983 cited in Hirsch et al, 1991) therefore minimal renal fi.rnction testing

should include urinary dip stick determination for proteinuria as this is the hallmark of

diabetic nephropathy. This study found that electrol¡e determination (60.8%) was done

more often than urea and creatinine levels $3.5%;44.5%) with 23 patients (31%) having

an urinalysis done.

The status of glycemic control should be determined before, because optimal

control of diabetes mellitus is desirable prior to surgery (Schiff& Emamuele,l995).

Hirsch (1996) comments that the practice of " preoperative assessment " and "surgical

clearance" before surgery should not be considered complete until the metabolic status of

the patient has been assessed. Hirsch (1996) recommends that the glycemic goals during

the perioperative period for diabetic patients should be blood glucose levels that

minimize the risk for hypoglycemia but are low enough to prevent any acute

complications from diabetes and postoperative morbidity. As previously stated, there are

various ranges of glycemic control cited by different authors. Most authors agree a

reasonable goal would be to aim for blood glucose levels of approximately 6.6 to 10

mmol/L.(Arauz-Pacheco, Raskin 1994 cited in Hirsch,1996; Gavin,7992; Hirsch &

McGill,1990). Schiff and Emanuele (1995) comment that target levels for preoperative

blood glucose vary depending on the type of diabetes, the type of surgery planned, the
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patient's usual level of control, and the propensity for other metabolic complications

(electrol¡e disorders and renal disease). They cite blood glucose levels lower than I 1.I

mmol/L and preferably lower than 10.ommol/L as appropriate levels to be aimed for

before elective surgery. For levels above these values treatment should be initiated to

control the diabetes. They suggest that patients who are severely hyperglycemic or have

DKA should have surgery postponed until their diabetes is treated. Hirsch et al (1991)

recommends preadmission for patients with excessive hyperglycemia (blood glucose

level > l6mmolll) or electrolyte abnormalities and treatment as necessary to achieve

metabolic control. Most patients with poorly controlled diabetes can be "fined tuned" l2

hours prior to elective surgery (Hirsch et al 1991). In this study blood glucose

measurements performed prior to the patient's surgery ranged from 4.2 to 17.30 mmoL/L

which includes fasting, random and undeclared values. Random and undeclared values

make it difficult to assess accurately the patient's glycemic control.

Electrocardiography (EKG) should be carried out to detect the presence of

ischemic heart disease. Painless myocardial ischemia can occur in patients with diabetes.

Hospitals usually have their own preoperative guidelines established which can differ

from other hospitals and also the guidelines of the College of Physicians and Surgeons.

At the hospital where the study occurred EKG's are not required on individuals under 45

years of age. Therefore, t4 patients did not have an EKG performed based on age

criteria. Laboratory requirements can also differ and this hospital's guidelines state that

patients with diabetes are to have blood glucose and creatinine measurements. According

to the hospital's guidelines electrolyte levels are not required in patients with diabetes but

are necessary for patients with renal failwe or those being treated with diuretics or

corticosteroid therapy.

In carrying out a preoperative assessment there are many variables one should

consider in evaluating the patient with diabetes. For example the type of diabetes, length
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of diabetes, control of diabetes and complications from diabetes. Evaluation needs to be

individualizedto the patient's health status . To minimize perioperative risk for the

patient this may necessitate doing investigations that are outside preoperative guidelines

of the healthcare facility.

Adequate perioperative control of blood glucose levels is necessary to avoid

osmotic diuresis, intravascular volume depletion, electrolyte disturbances, acidosis, and

hyperosmolality and to maintain a defense against infection (Gilbert, 1991). Avoidance

of hypoglycemia is paramount, as this can be catastrophic in an anaesthetized patient,

particularly if patient has underlying vascular disease. In determining whether or not

patients in this study achieved glycemic control, data from patients treated with OHA's or

insulin were exarnined. In the studies previously reviewed different insulin regimens or

other management regimens (withholding of OHA's) were used to determine which

regimen provided satisfactory glycemic control (usually represented by 5-12mmoyl.),

with most studies having frequent monitoring of glucose levels perioperatively. Blood

glucose measurements were not consistently performed through the perioperative period.

Overall only three patients had blood glucose measurements done pre, intra and

postoperatively. In regards to regimens used to manage this patient population this study

revealed that out of 20 patients treated with insulin 16 were advised to withhold insulin in

the morning and one patient received a partial dose of insulin before sugery. It was

unclear from three patients' charts if they had been told to withhold their insulin. Two

patients received an insulin infusion and one patient may have received an intravenous

bolus of insulin. No matter what the regimen used, monitoring of blood glucose levels is

necessary to ensure a positive outcome for the patient.

Monitoring Evidence of Nausea and Vomiting

Nausea and vomiting can be harbinger of DKA. It is necessary for any patient
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with diabetes who has postoperative emesis to have monitoring of glucose, electrolytes

and ketones (Hirsch & McGill,i990). It is important to keep the patient adequately

hydrated, administer antiemetics and treat any electrolyte abnormalities. It has been

identified that severe nausea and vomiting is one of the major reasons for readmission to

hospital after surgery. This study identified that very few patients (n:2) experienced

nausea and vomiting. This could be due to the type of anaesthetic agents administered

during the general anaesthetic. For example, Propofol is associated with a lower

incidence of nausea and vomiting. However, type of anaesthetic agents was not

specifically addressed in this study. Also patients underwent epidural or local anesthesia

which have a lower incidence of nausea and vomitins associated with them.

Role of Nurse

One of the major concerns for the healthcare team with diabetic patients

undergoing surgery is the achievement of satisfactory glycemic control. Nursing can

assist the patient in achieving this outcome by following the principles recommended by

Stagnaro- Green and others. In the preoperative assessment clinic nursing has the

opportunity to help the patient achieve optimal glucose control. Wells (1993) suggests

assessing the patient's preoperative diabetic routine and their level of knowledge

regarding diabetes. The nurse should discuss the patient's diet, exercise routine and the

way medications are taken. Communication with the patient prior to their surgery

provides the nurse the opportunity to determine the patient's understanding of their

responsibility in preparing for swgery and to discuss with them any concerns such as care

requirements in the postoperative period. It is important to inform patient ahead of time

of possible alterations in their usual routine of managing their diabetes. This may be

particularly important for the elderly patient who may need more time to make

adjustments or perhaps enlist the help of family members. Nurses should assess the
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patient's understanding of preoperative instructions. Patients should be given the reason

for withholding the OHA on the day of surgery. If patient is having a day surgery

procedure make sure someone will be staying with patient in the postoperative period.

This study identified through documentation by the nurse that instructions were given to

the patient in direct contact or by telephone to withhold OHA on day of surgery and to

fast for surgery. Charting by nurses also documented other health problems such as

angina and hypertension. The patient questionnaire that patients f,rll out before surgery

provides the nurse with information regarding the patient's health status. Nursing can use

this information to plan the patient's care.

It is important to try and reduce patient anxiety about surgery. Blood glucose

control is sensitive to patient's emotion as diabetic patient's pancreatic A cells are

hypersensitive to physiologic levels of epinephrine, producing excessive levels of

glucagon with consequent hyperglycemia (Karam, cited in Greenspan & Strewler, 1997).

A study by Fisher, Lees & Newsman (1986) of hypoglycemia in hospitalized patients

with diabetes was stimulated in part by their observation that many diabetics fea¡ed

hospitalization because of previous experience with iatrogenic hypoglycemia. Although

this was not specifically examined in this study it was observed on a patient's health

questionnaire that concerns were written regarding management of her medications. The

nurse can provide such information to the patient and perhaps allay anxiety. Healthcare

providers need to listen to patients. Often patients' opinions are not solicited by

healthcare team. Many patients with diabetes are experts at assessing their own insulin

requirements and can recognize abnormalities in the way they are feeling.

Nurses have the opportunity to determine if preoperative guidelines a¡e being

followed. For example, patients with diabetes should have a fasting blood glucose and

glycated hemoglobin done as part of their preoperative evaluation as these measurements

assist in determining the patient's diabetic control. If this is not done, this should be
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brought to the attention of the appropriate healthcare personnel. Nurses can also advocate

on the part of the patients that their surgery be slated as first case of the day. This may be

difficult as with block operating times a swgeon may be assigned time in the afternoon

instead of the morning. it was not possible to determine through this chart review if

nursing acted in any ofthese areas.

Patients may experience nausea and vomiting in the postoperative period. Nursing

should be aware that in diabetic patients this may be precursor to DKA. It is important to

provide an anti emetic to the patient and to ensure patient is receiving adequate hydration.

Patients need nourishment so resume meals or at least fluids as soon as possible if patient

is not nauseated. Documentation by the nurse identified that nourishment such as juice

was provide to patients if they were feeling well enough to eat.

The use of insulin for glucose management may create a potential for potassium

imbalance postoperatively in the patient with diabetes. Insulin facilitates glucose

movement intracellularly, and when hyperglycemia is treated with insulin, large amounts

of glucose are transported into the cells (Wells, 1993). This creates an osmotic gradient

that encourages semm potassium to move into the cells. Thus, the amount of serum

potassium available for use can be decreased. Decreased potassium levels predisposes

the patient to ventricular dysrh¡hmias. Nurses should be aware of interactions between

insulin and potassium and perhaps monitor potassium levels more frequently in patients

receiving continuous insulin infusions(Wells, 1993). Documentation showed that nurses

were involved in contacting anaesthetist regarding potassium and blood glucose levels.

Nurses were also involved in performing accu-chek analysis in the pre and postoperative

periods. Nurses should be familiar with signs and symptoms of acute complications of

diabetes such as ketoacidosis, HHNK and hypoglycemia. The possibility of these

complications makes it critical that frequent monitoring of the patients blood glucose

levels are carried out through the entire perioperative period.
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Due to the associated cardiovascular changes in patients with diabetes, the nurse

should anticipate complications such as dysrhythmias, congestive heart failure and

infarction. Painless myocardial ischemia may occur in this group of patients . The

occurrence of a postoperative myocardial infarction in diabetic patients is a possibility

with peak incidence of infarction between days 3 and 5 (Gilbert, 1991). The patient

should be observed for any signs and symptoms which would make one suspicious that

the patient is infarcting. As previously stated nurses charted the patients other health

problems such as angina which alerts the nurse for potential cardiac complications in

postoperative period.

The majority of postoperative complications in diabetics involve infection, either

at the operative site or in the urinary tract. The patient should be made aware of the

signs and symptoms of infection. Encourage glycemic control, as hyperglycemia may

predispose body to infection and slows wound healing (Kelly & Kelly, I 991). It is part

of nursing's role to explain to patients prior to discharge the signs and symptoms of

infection. Documentation by nurses stated that written instructions had been given to the

patient at discharge. Surgery programs usually have specific pamphlets outlining

postoperative care for the surgical procedure.

Limitations to the Studv

The researcher identifies the following limitations to the study: (a) use of a small

sample size due to time and economic restraints; (b) inability to generalize beyond the

present study based on convenience sampling and small sample size (c) due to the

retrospective design of the study there was missing data and at times it was difficult to

interpret documentation by healthcare professionals. (d) inability to standardize variables

known to affect blood glucose levels such as the use of certain anaesthetic agents and
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intravenous solutions given during a general anaesthetic by individual anaesthetists.

Nursine Implications

The principles recommended by Stagnaro-Green provide nurses with guidance in

preparing the diabetic patient for surgery. Nurses may have to act as advocate for the

patient to ensure optimal care is being provided. If the patient's blood glucose levels are

poorly controlled then other actions may be necessary to further evaluate the patient such

as the suggestion to the physician that a glycated hemoglobin measÌrement be performed.

In the future nursing could initiate the development of an electronic information

system which records pertinent information about the patient's health history in a spread

sheet format. For patients with diabetes, pertinent information would focus on

medications, blood glucose levels, glycated hemoglobin levels, dates of eye

examinations, complications from diabetes such as hypertension, past surgical history and

postoperative complications. This type of information system would be beneficial in the

preoperative assessment clinic as it would facilitate retrieval of information for the patient

and allow more pertinent information to be recorded.

Research Imnlications

There is a lack of studies especially from the Canadian prospective examining

what range of blood glucose level is most appropriate for the diabetic patient having

surgery. The literature cites several different acceptable glycemic ranges. This range of

variability is also among healthcare practitioners in the clinical areas as experienced by

the author in her nursing practice. A range of 5 - 12 mmolll. may be desirable for some

whereas some practitioners would cite a range of 8 - 15 mmol/L. Thus, there is
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inconsistency among healthcare professionals about what target range of blood glucose

should be aimed for when preparing the diabetic patient for surgery. According to Maser,

(1996) et al, "the problem in convincing individuals that meticulous control of glucose

concentration is important comes from the lack of ability to perform a def,rnitive study

that clearly reveals the benefits of maintaining adequate glycemic control for the surgical

period" (p. 360). AIso, evidence is lacking concerning which insulin regimen provides

the most benefit for Type 1 or Type 2 diabetic patients undergoing surgery. Again, there

is a paucity of Canadian based research studies in this particular area.

There may be barriers to overcome in preparing the diabetic patient for surgery

such as lack of understanding by the patient regarding withholding of OHA or insulin on

day of operation, patient anxiety about the anaesthetic or surgery or inadequate family

support for the elderly patient in the postoperative period. Nursing has a role to play in

ensuring that patients with diabetes undergoing surgery have a positive outcome. It

would be of benefit to carry out a needs analysis study for this cohort of patients which

would assist in identifuing strengths and weaknesses in the present perioperative

management of these patients.

Recommendations

Using the Stagnaro-Green principles to determine perioperative management of

diabetic patients at an urban community hospital has identified areas of care that could be

improved. Most notably was the inconsistent monitoring of blood glucose levels through

the perioperative period and the lack of clarification of type of diabetes and preadmission

laboratory evaluation. Preoperative measurements of blood glucose were performed

satisfactorily but declined significantly in the intraoperative period with an increase of

blood glucose measurements being done in the postoperative period. Only three patients
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had pre, intra and postoperative blood glucose measurements performed. It is

recommended that diabetic patients undergoing major surgery should have hourly blood

glucose monitoring performed.(Alberti, Gill, & Elliot, 1982; Hirsch, McGill, Cryer &.

White, 1991). This action is even more critical when the patient is being administered

insulin. Also, accu-chek analysis would provide quicker blood glucose determination

versus laboratory analysis allowing abnormalities to be treated immediately.

Healthcare professionals should be cognizant of clarifuing whether the patient's

diabetes is type 1 or type 2 and avoid use of the terms IDDM and NIDDM, which denotes

treatment not pathogenesis. Use of the latter terms is not recommend in the 1998 Clinical

practice guidelines for management of diabetes in Canada. It is important to be familia¡

with the characteristics of type 1 and type 2 diabetes. Knowing the type of diabetes

allows the healthcare team to observe and prepare for problems associated with the

different types of diabetes.

A health assessment of the patient prior to surgery should include an evaluation of

a blood glucose level. If he blood glucose level is extremely elevated, surgery may need

to be postponed until the blood glucose level is lower. The poorly controlled diabetic is

at risk of having the operative procedure canceled on the day of surgery.

Since this study was started, the hospital has developed a protocol for the

management of diabetic patients for surgery. It would be worthwhile to evaluate the

protocol to determine if glycemic control is being achieved.

Healthcare professionals need to keep abreast of the most current perioperative

management recommendations for patients with various medical disorders such as

diabetes. Education in the form of inservices, seminars or conferences should be

provided by hospitals and community agencies to the appropriate staff.
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CONCLUSION

To make appropriate clinical decisions for patients with diabetes undergoing

surgery, requires knowledge of the pathophysiology of diabetes and awareness of the

metabolic needs of the diabetic patient. Accurate and in-depth information about the

patient's health status and laboratory investigations must also be provided. In this study,

analysis of chart data has identified areas where quality of care could be improved. The

Stagnaro-Green principles provide useful guidelines to improve effectiveness of care and

facilitate a positive outcome for the patient. However, teamwork and communication

between patient, surgeon, anaesthetist and nurse is also necessary to achieve a successful

outcome for the patient.
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Fis. . 1 Factors resulting in hyperglycemia during surgery' Increased gtucose production is

caused by hepat¡c and muscutar iycáienolysis and hepaticand renal gluconeogenesis' Renal

clearance of gtucose from the circutation may be d*r""rJ ãrnng uot-rt" dgoletion' Relative

insutin deficienry inhibirs gtucose utilization. (From fr¡o"r,ìã.ïlé:U''At O¡aOèies.are 13:980'

1990.)

Source: Hirsch, lB, McGill, JB (1990)' Diabetes Care' l3(9)' 980'
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Appendix ll

rabreì1? ENDocRl*:t ryPJETÁBOLlc 
RESPONSE TO

sunoeni'Ñ oiÃaerlc PArtENrs

Endocrlne
lncreased secretion of counter'r"9'111?1 hormones: catecholam¡nes'
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Decreased insutin ä;'ã;;i" ¡n"r""rJã ¡îtuf¡n resistance secondary to the

counter-regulatory hormones

Metabolic
HYPerglYcemia
Decreased glucose disposal (utilization)
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Loss of adipose i¡t!'á1t¿ energy reserve from fatty acids
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Source: Gavin, LA (1s92)
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Appendix fv

DATA COLLECTION TOOL

Yes

1. AdmissionType DaySurgery .......(1)
POAB .......(2)

2. Gender Female ......(l)
Male. .......(2)

3. Age

4. Height

5. Weight

6. Residence Urban .......(l)
Rural . . .(2)
MissingData. .....(3)

7. A) Patientseeninpreoperative clinic priorto sugery ....... (1)

B) Patient seen by nurse . . . (t)
C) Patientgivenwritteninformation .....(1)

8. Patient seen by Internal Medicine Specialist . . . . (1)

9. PatientseenbyEndocrinologist. ......(l)

10. Patient contacted by other health ca¡e worker prior to surgery . . . . . . . (l)

I l. Patient givenNPO instructions preoperatively .. ......(1)

12. Priorinsulintherapy ......(l)

l3.QHAthçrapr ?..... ...(l)

l4.A)ShortáctirlgoHA. ....(l)
B)LongactingoHA....... ....(1)

15. Fatient advised not to tatce OHA morning ofsurgery . . .. . . . . (l)

No Missing N/A
Data

Years

Centimeters

Kilograms

(j)

(3)

(2)
(2)
(2)

(2)

(2)

(2)

(2)

(2)

(2)

(2)
(2)

(2)

(3)
(3)
(3)

-(3 )

(3)

(3) '

(3)

(3)

(3)

(3)
(3)

(3)



NoYes

(2)

t23

ìVf issing N/.{
Data

(j)16. History and'physical from family physician on chart ' ' - (l)

17. Are the following medicaiconditions listed suih as:

l7A)Hypertension .....(l)
l7B) Ischemic heart disease . . . (l)
l7C) Renal Disease -....(l)

i8. Diabetes classified as:

Type I .......(1)
Type2 . .(2)
IDDM . ..(3)
NrDDM . .. ...(4)
NotClassified... ....(5)

(2) (3)
(2) (3)
(2) (j)

(3)
(3)
(rj
(3)
(3)

I 9. Preoperative investigations EKG

20. Preoperative laboratory results (0)

204)Sodium... .-....'.
208) Potassium
20C)BUN . . .
20D)Creatinine. .....
20E) Glycosated Hb
20F) Glucose . .
20G)Urinalysis . .. . .. .- .(1)

2l . Name of surgical procedure

l) Minor
2) intermediate
3) Major

(1) (2)

liot Donc

(3) (4)

Scn !.
Itot
Rccordcd

eee (4)

(3)

(j)
(3)

(3)

(2)

(1)
(2)
(3)

AM
PM

2?-Tíme patient booked for surgery

23. Length ofsurgery Mins.

(Start time of surgery - time surgery ended on operative records)
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nln]ol/L
mmolll

mmol./L
.mmolll

ñfissing
D:rt¡

99
99

99

99

¡-o¡
Do¡¡c

98

98
24. Blood glucose levels (pre-op) Fasting - accucheck

(ward) lab

(lntra-op) accuclleck
lab

(Post-op) accucheck

(Recovery Room) lab

25. Anaesthesia

26. Intravenous fluids given intra op

98

98

mmol./L
mmol/L

...98

...98
99
99

Yes No Missing N/A
Data

(3)
(3)
(3)
(j)
(3)

(3)

99

27. insulin infusion

28. Insulin regimen unit per hou¡ .

29. insulin intusion D/Ced in OR . . . . (l)

30. Insulin infusion D/Ced in Recovery Room . . . . . . (l)

(2) (3)

(2) (3)



Yes

31. Subcutaneous Method - pre-op..... .. . . . (l)
3lA) Name of Insulin glven

318) Actual dosage of insulin given 1.-
')

3lC) Patient's usual dosage 1.

2.

Dosage of Insulin
3lD) Partial Dose Insulin ..... . . .....(2)

3lE) Full Dose Insulin.............. .. .. . (3)

31F) Missing Data..... .. .. .(4)

32. Patient complained of nausea (post-op) . . . . . (l)

33. Patient experienced vomiting (post-op) ..... . ...(1)

34. Patient given anti-emetic . . . ....(l)

35. Patient ate prior to discharge............... . ... (1)

36. Patient received post-op phone call in the evening from nurse . . (l)

37. Patient ¡eceived post-op phone call next morning from nurse . ...... . (1)

(2)

12s

Missing N/A
Data

(3)

(3)

(2)

(2)

(2)

(2)

(2)

(2)

99
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