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ABSTRACT

Background: Glucose control in critically ill patients poses a challenge for all
health care workers involved in patient management. To avoid glucose variability
and to maintain normoglycaemia, evidence based protocols are implemented to
guide clinical care. However, adherence to such protocols needs to be evaluated
on a regular basis in order to ensure efficiency of care and to improve outcomes.
Available literature suggests that glucose control protocol compliance is generally

poor.

Aim of the study: The aim of the study was to evaluate adherence to the

glucose control protocol by nurses in the cardiothoracic ICU at CMJAH.

Objectives of the study: The research objectives were to:

1. Describe the number of abnormal glucose readings recorded.

2. Describe the proportion of protocol violations in relation to the glucose control
protocol.

3. Compare the differences in glucose protocol violations between day nursing
staff and night nursing staff.

4. Compare the level of training of nurses involved with glucose protocol

violations.



Method: A retrospective study reviewing the ICU charts of adult patients post

cardiac surgery, who were admitted to the cardiothoracic ICU at Charlotte Maxeke
Johannesburg Academic Hospital, Gauteng, during March 2011. The data was

analysed using STATA 11 statistical software.

Results: A total of 741 glucose readings were evaluated [22 patients: 13 (59.1%)

male and 9 (40.9%) female]. The mean age of patients was 48.5 years with an age
range of 17-76 years. The surgical procedures were categorised as: valvular 17
(77.3%); coronary artery bypass grafts 3 (13.6%) and other 2 (9.1%). The median
glucose reading was 7.8 mmol/l (6.7-9.3 mmol/l). Overall, 411 (55.5%) protocol
violations were recorded if the glucose control protocol was not adhered to. Of the
readings 629 (84.9%) were abnormal. Protocol violations were similar between the
day and night staff; 188 (54.7%) and 223 (58.5%) respectively (p =0.256). Of the
readings, 464 (62.6%) were done by ICU trained nurses and 246 (33.2%) by non-
ICU trained nurses. There were fewer protocol violations recorded by the ICU
trained nurses compared to the non-ICU trained nurses, i.e. 53.3% and 63.7%

respectively (p<0.05).

Conclusion: It is concluded that adherence to the glucose control protocol in

the ICU was sub-optimal. Despite a high percentage of protocol violations, the
median glucose level was 7.8 mmol/l. The number of violations committed by the
day and night staff was similar. ICU trained nurses committed fewer violations than

non-ICU trained nurses.



These results suggest that the training and education of healthcare workers in
implementing protocols is an ongoing and dynamic process and that there is a

need for evaluation on a regular basis.
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CHAPTER ONE

OVERVIEW OF THE STUDY

1.1 INTRODUCTION

In this chapter a brief overview of the study is provided. This includes; background
to the study, problem statement, aim and objectives of the study, relevant
definitions, location of the study, ethical considerations, research assumptions and
definitions, significance, and validity and reliability of the study. Lastly, a summary
of the chapter is provided. A more in-depth review of these topics will be presented

in subsequent chapters.

1.2 BACKGROUND TO THE STUDY

Glucose control in critically ill patients poses a challenge for both doctors and
nurses working in ICUs. Critically ill patients are particularly prone to
hyperglycaemia because of metabolic and hormonal changes associated with the
stress response (1, 2). They are also predisposed to hyperglycaemia due to
certain clinical interventions such as the administration of corticosteroids,
ionotropes, dextrose-containing intravenous fluids and enteral or parental nutrition
(3). Increased blood glucose (BG) levels, even a single reading, have been

associated with adverse outcomes in the critical care setting (4, 5).

The Van den Berghe studies (6, 7) have shown the benefit of tight glucose control

(TGC) using intensive insulin therapy (lIT) with respect to morbidity and mortality



in critically ill patients. However, further studies questioned the benefits of TGC,
due to the increased risk of hypoglycaemia (8-11). Hypoglycaemia has been

associated with an increased risk of hospital mortality (12-15).

From an anaesthetic perspective, glucose control is particularly important during
the peri-operative period. Surgical stress results in a hyperglycaemic response
characterised by: “an increased production of catecholamines, growth hormone,
glucagon and cortisol; as well as a concomitant depression in insulin levels.
Elevated hepatic glycogenolysis and gluconeogenesis, along with reduced insulin
secretion and tissue insulin resistance, also contribute to the hyperglycaemia (16-

18)”.

Hypoglycaemia may also occur. Surgical patients are not uncommonly fasted for
prolonged periods of time pre-operatively or, alternatively are administered insulin
intra-operatively. This is especially problematic when the hypoglycaemia
symptoms are masked by anaesthesia during the peri-operative period (19). Also,
the brain is an obligate glucose metaboliser and severe hypoglycaemia can cause

neuronal necrosis (20).

Maintaining an adequate glucose level intra-operatively, by an anaesthetist, is of
particular importance in certain patients. Patients with traumatic brain injury (TBI)
require strict glucose control as hyperglycaemia in this group of patients has been

associated with higher intracranial pressures, longer hospital stays, poorer



neurological outcomes and reduced survival (21). As part of the intra-operative
anaesthetic goals of neuroprotection in such patients, glucose control is

imperative.

ICU admission hyperglycaemia has been shown to be an independent marker of
mortality and morbidity (22). One study demonstrated that for every 1.1 mmol/I
increase in the mean intra-operative glucose, the adverse outcome risk increased

by more than 30% (23).

ICUs provide ongoing care for post-operative patients when required. Most of the
intra-operative management goals, like glucose control, are continued in ICU. In
doing so, continuity of care can be maintained, glucose targets safely reached and

overall patient outcome improved.

In order to ensure that glucose control is achieved in critically ill patients,
evidence-based glucose protocols are provided in ICUs. Adherence to these
protocols is expected, however, there may be deviations from the protocol for
various reasons. Both organisational and individual factors contribute to the

occurrence of violations of the protocol (24).

According to international literature on adherence to glucose control protocols in
ICU, Taylor et al. (25) reported a 53% adherence and Rood et al. (26) found a

56% adherence to the paper-based glucose protocol. This poses a problem in the



critical care setting where morbidity and mortality may be influenced by glucose

control.

There is a school of thought that says that “clinical protocols, which assist in
critical care decision-making, may reduce the quality of care by replacing clinical
judgement, breeding complacency or stifling learning (27). However, despite
these beliefs, evidence shows that protocols can potentially reduce harmful
variations in care, enhance efficiency and improve outcomes (28, 29)”.

More protocols are being introduced in ICUs to improve patient care and achieve
clinical targets. Currently, there is no literature documenting the evaluation of

glucose protocol adherence in South African ICUs.

1.3 PROBLEM STATEMENT

The literature suggests that glucose control in ICUs has important morbidity and
mortality implications. Achieving normoglycaemia during this hypermetabolic state,
while avoiding hypoglycaemia, is a challenging task. Protocols are in place to help
achieve glucose targets, however, they may not always be followed. “The use of
protocols simplifies processes, standardises care, facilitates patient safety and
reduces costs, but lack of compliance can hinder the success of any protocol
(30)”. Protocols for glucose control are in place in the ICUs at Charlotte Maxeke
Johannesburg Academic Hospital (CMJAH) but adherence to these protocols has

not been evaluated in the cardiothoracic ICU at this institution.



Health care workers (HCWs) working in the ICU are from various academic
backgrounds. Additionally, the nurses are not all ICU trained and many are agency
nurses, who are employed due to permanent staff shortages. In a national audit of
critical care resources in South Africa, it was found that the majority (49%) of
nurses working in critical care units in South Africa, were registered nurses without
critical care training and with less than 5 years’ experience (31). Specifically, the
cardiothoracic ICU at CMJAH was found to be staffed by more than 50% with non-

permanent staff, who were employed via agencies on a temporary basis (32).

1.4 AIM OF THE STUDY

The aim of the study was to evaluate adherence to the glucose control protocol by

nurses in the cardiothoracic ICU at CMJAH.

1.5 OBJECTIVES

The research objectives were to:

o Describe the number of abnormal glucose readings recorded.

o Describe the proportion of protocol violations in relation to the glucose control
protocol.

o Compare the differences in glucose protocol violations between day nursing
staff and night nursing staff.

o Compare the level of training of nurses involved with glucose protocol

violations.



1.6 RESEARCH ASSUMPTIONS AND DEFINITIONS

The following definitions were used in this study.
Intensive Care Unit (ICU) — “A hospital unit where patients require close
monitoring, which contains highly technical, sophisticated monitoring devices and

equipment and which is staffed by personnel who deliver critical care (33)”.

Adult patients - Patients who are 16 years and older.

Glucose protocol — “Protocols are a means of formalising how to perform a
specific procedure (34)”. Glucose protocols are specific, prescribed instructions for
ICU staff regarding glucose control. The protocols can be either a sliding scale or

infusion instructions (Appendix F and G respectively)

Adherence - For the purpose of this study, adherence is defined as the correct

action being performed in accordance with the protocol.

Violation - Any treatment or non-treatment action in terms of the glucose level that

is not in accordance with the glucose control protocol.

Hypoglycaemia - A blood glucose reading less than 3.5 mmol/l.

Hyperglycaemia — A blood glucose reading of more than 10 mmol/I.

Normoglycaemia — A blood glucose reading in the range 3.6 - 9.9 mmol/I.

1.7 LOCATION OF STUDY

The study took place at the cardiothoracic ICU at CMJAH, Gauteng Province,

South Africa. This is a quaternary, academic hospital associated with the



University of Witwatersrand. It is the only public sector cardiothoracic ICU in
Johannesburg. On average 21 operations are performed every month with a

nurse: patient ratio of 1:1 in this unit.

1.8 ETHICAL CONSIDERATIONS

The proposal for this study was submitted to the Postgraduate Committee of the

University of the Witwatersrand for approval (Appendix A).

Ethical approval for this study was obtained from the Human Research Ethics

Committee (Medical) of the University of Witwatersrand (Appendix B).

Approval for this study was received from the HOD of critical care at CMJAH.

(Appendix D)

In addition, a written informed consent was obtained from the Chief Executive
Officer of CMJAH to conduct the research in the hospital and specifically to gain

access to, and utilize, patients’ records (Appendix C).

The researcher only worked with the numbers allocated to patients and not with
the file numbers or patient names (data collection sheet-appendix E). This ensured

confidentiality, privacy and anonymity of patient information.



Furthermore, anonymity of HCWs working in ICU during the month of March 2011
was maintained as numbers were allocated to them. The numbers, not the names,
were used when cross-checking ICU charts and the researcher only knew the
identity of the health care workers (data collection sheet-appendix F). The
researcher and supervisor were the only people who had access to raw data for

this study.

Data will be stored for a minimum of 2 years after publication of this study or for 6

years in the absence of publication of the results of this study.

The retrospective nature of the study does not allow the researcher to intervene

with any patient treatment.

The study was conducted in adherence with the principles of the Declaration of

Helsinki (35).



1.9 RESEARCH METHODOLOGY

1.9.1 Study Design
A retrospective, contextual, single-centre, descriptive research design was

followed in this study.

1.9.2 Study population and study sample
The ICU flow charts of all adult patients admitted to the cardiothoracic ICU at
CMJAH during the month of March 2011 and the demographics of the nurses

working in the unit during that period constituted the study sample.

1.9.3 Study sample

A convenience consecutive sampling method was used.

1.9.4 Inclusion and exclusion criteria

Inclusion criteria were the ICU flow charts of all adult patients, 16 years and older,
who were admitted to the CT ICU during the month of March 2011. The
demographic data of nurses looking after those patients were also collected. There

were no exclusion criteria.

1.9.5 Data collection procedures
Two data collection sheets were used; one for the collection of data from the ICU

flow charts of patients admitted to the CT ICU during March 2011; and one to



capture the demographics of the nurses looking after those patients during the

research period (Appendix | and F respectively).

Protocols utilised in the ICU during the research period are defined in Appendix G

and H.

1.9.6 Statistical Analysis

The researcher collected the raw data, personally, and entered it onto a Microsoft
Excel spreadsheet. The data was then analysed with the aid of a biostatistician
using the software programme STATA 11 (STATA Corporation, College Station,

TX USA).

1.10 SIGNIFICANCE OF THE STUDY

Hyperglycaemia at the time of admission to ICU is an independent risk factor for
in-hospital mortality (36). Adequate glucose control has been associated with
improved patient outcome. However, despite the adoption of protocols by ICUs,

questions about the adherence to such protocols remain unanswered.

Identifying the shortcomings of a protocol that has already been implemented,
would be beneficial in the development and implementation of future protocols for

that unit.

10



1.11 VALIDITY AND RELIABILITY OF THE STUDY

Validity is the extent to which an instrument actually reflects or measures what it is
supposed to measure (37). Content validity was secured by literature review,

experts in intensive care, a biostatistician and a research methodologist.

Reliability is concerned with how consistently the measurement technique
measures a variable or concept (37). The data was collected, from patient records,
by a single researcher only. This ensured that the data was collected in a

standardised manner and that it was reliable.

1.12 POTENTIAL LIMITATIONS OF THE STUDY

The results from this study’s population were contextual and may not be applicable

to other ICUs.

The accuracy of bedside glucometers, i.e. point-of-care instruments, for
measuring lower blood glucose levels has been questioned (38). Ideally, to
prevent disparities caused by different glucose-measuring methods, a single

standardised method should have been used.

Also, one needs to consider the limitations of a retrospective study, which relies on

the accuracy of written record or the recall of individuals (recall bias), as well as

11



legibility and availability of records. Determining the nursing demographic data
posed a challenge, as data were obtained from poorly kept shift records.
Therefore there was possibly a loss of important data and a possibility of

inaccurate data being collected.

1.13 PROJECT OUTLINE

Chapter one presents an overview of this research report. Chapter two includes an
in-depth literature review of the research topic. Chapter three contains a
comprehensive discussion of the research methodology. Chapter four includes a
presentation of results and discussion thereof. The final chapter provides the

conclusion of the study as well as further recommendations.

1.14 SUMMARY

This chapter provided a brief overview and summary of this research report.
Topics covered included introduction and background, problem statement, aim
and objectives, research assumptions, location of the study, ethical
considerations, research methodology, significance of the study, validity and
reliability, potential limitations and the project outline. A more comprehensive

review of the topics is presented in subsequent chapters.

12



CHAPTER TWO

LITERATURE REVIEW

2.1 INTRODUCTION

In this chapter, various concepts relating to glucose control in ICU are reviewed.
First evidence-based practice (EBP) is described. Secondly, protocols and the
different aspects of their development and implementation are provided. Next, a
review is provided of: glucose control, glucose control in critically ill patients,
glucose targets, measuring glucose in critically ill patients, insulin administration
versus glucose control, glucose control protocols and lastly from tight glucose

control (TGC) to Safe effective glucose control (SEGC).

Medicine and the practise thereof, is not an exact science and is an ever-evolving
discipline. The ultimate aim of health care practitioners’ is good patient outcome.
In order to achieve desired clinical goals, the use of EBP is being advocated in

most medical disciplines.

2.2 EVIDENCE-BASED PRACTICE

The most widely used definition for EBP is that of Sackett et al. (39). EBP is
defined as: “The conscientious, explicit and judicious use of current best evidence
in making decisions about the care of individual patients.” The definition further

indicates that: “The practice of evidence-based medicine requires the integration

13



of individual clinical expertise with the best available external clinical evidence

from systematic research and our patient's unique values and circumstances”.

“EBP requires a shift from the traditional paradigm of clinical practice grounded in
intuition, clinical experience and pathophysiological rationale (40)”. There is now a

shift from “authority” or “opinion” based practice to EBP.

Multi-disciplinary teams are now more involved in patient care. EBP can therefore
be used, with evidence as the levelling factor amongst the various teams, with
care discussions centring around the evidence - rather than “this is the way we do

things around here” or “that is the way the surgeon prefers to do things” (40).

Reliance on experience or the opinion of colleagues is not likely to guarantee that
the “best science” or “current evidence” is integrated into practice (40).
Recommendations, based solely on clinical judgement and experience, are likely
to be more susceptible to bias and self-interest (41). When healthcare is delivered
with an organisational culture that supports best practice, EBP is linked to a higher
quality of care and with better patient outcomes than care that is heavily weighted

in tradition (42).

A common observation when reviewing healthcare services is the gap between
evidence and practice (43). Despite healthcare organisations advocating that the

use of EBP should be the standard of practice of care, most clinicians in do not

14



consistently implement evidence-based care (42, 44). Approximately less than

20% of medical practice is backed up by solid evidence (45).

EBP involves doing a literature search relevant to the patient condition, evaluating
the literature for its credibility and finally applying the findings to assist with your
decision making. It is by going through this systematic process that the quality of

patient care can be enhanced (46).

“Multiple barriers have contributed to the slow uptake of EBP across healthcare
systems, including: (a) inadequate knowledge and EBP skills of healthcare
professionals; (b) misperceptions about EBP; (c) lack of informatics competencies;
(d) insufficient administrative support and resources at the point of care; (e) lack of
EBP mentors in healthcare systems and; (f) traditional approaches to teaching
healthcare students, i.e. the rigorous process of how to do research, rather than

how to use research to guide best practice (47-49)".

Some studies have found that EBP improves the quality of care of patients and
their outcome, enhances practitioner skills, decreases practice variation and
healthcare costs (50-52). “Other outcomes that can be derived from the EBP
process include clinical practice guidelines; protocols; and standards (53); all of
which may lead to; (a) greater consistency in the care provided; (b) greater patient
satisfaction due to improved outcomes and; (c) a higher quality of care and

healthcare provider satisfaction (54)”.

15



Protocols can be an effective method of introducing EBP into ICUs and evidence
shows a decline morbidity and mortality and decrease the cost of critical illness

when implemented (28, 55).

2.3 PROTOCOLS - DEFINITIONS, ADVANTAGES,

DISADVANTAGES AND ADHERENCE

The terms algorithms, protocols, clinical guidelines and care or clinical pathways
are sometimes used interchangeably therefore it is important to clarify the
differences and similarities between them. Clinical care processes help to

standardise and simplify care for patients and their conditions (56).

“Algorithms provide a step-by-step procedure and instructions for clinical

decision-making or problems (57, 58).

e Protocols are a means of formalising how to perform a specific procedure (34).

e C(Clinical guidelines have been defined as systematically developed statements
that assist practitioner and client decisions about appropriate health care for
specific clinical circumstances (59).

e (Care pathways are a way of organising care for a well defined group of

patients during a well defined period of time (60, 61)”.

Whilst standardisation and organisation are common to all these care processes,

the degree of specificity between them varies.

16



“Algorithms provide very detailed information, usually presented in a flow chart, of
what to do at each step of the decision making process (62). Protocols also
provide detailed information about a particular process or procedure, but do not

usually have the same degree of detail as algorithms (63)”.

Clinical guidelines contain more “operational detail than algorithms, as they are
made up of recommendations that describe different aspects of the patient’s
condition and appropriate management options” (64). “A care pathway, however,
may be described as a hybrid of an algorithm, protocol or guideline”. This will
generally cover the whole patient journey for a specified period of time and may

also contain protocols, algorithms and standards (34, 65).

Swinglehurst (66) implores that a delineation be made as protocols are more rigid
and provides little room for individual judgement than guidelines. Protocols tend to
be clear rules which must be followed, compared to guidelines which aim assist

with clinical decisions being made.

Evidence-based protocols are used in the critical care environment to address
multiple aspects of care and to guide the treatment of many conditions (67), for
example, glucose control protocols. Health care delivery may to be too dependent
on the individual clinician’s knowledge, motivation and skills, with the result that
only approximately half of the patients receive the recommended care (68). The

high cost of intensive care medicine, along with the significant morbidity and

17



mortality of specific, high volume admissions and diagnoses, have prompted
governmental institutions, researchers and intensive care societies to seek
standardised diagnostic and treatment protocols in order to reduce practice

variation and improve the quality of care (29, 69, 70).

Currently, in order to assess the delivery of the quality and consistency of care in
the critical care setting and other medical disciplines, surrogate markers such as

checklists, protocols and integrated care pathways are used (71).

Several investigators have proven that protocol driven therapeutic action
beneficially impacts patient outcome in the ICU (72-75). However, one also needs
to take into consideration that a standard care pathway/protocol is ideal for many,
yet should not be viewed as “tablets of stone” (71). The pathophysiology of
critically ill patients is complex, with inter-individual differences (including age,
disease processes, co-morbidities, drug responses, etc.) making standard care

unsuitable for everyone.

Roffey et al. discuss overuse of protocols in ICU and suggest that protocols may
result in the simplification of patient care on a large scale. They are of the opinion
that each patient will respond differently to each situation and that even drugs
used routinely may not have a place in the care of certain patients on specific
occasions. Patients may respond better or worse than expected to a specific

pharmacological intervention, be it an ionotrope or sedative medication.

18



Furthermore, they put forward the concept of the increased use of protocols
impacting on the traditional practice of the doctor—patient relationship and there
being less hands-on physician interaction with critically ill patients (76).

Many physicians would agree with this school of thought and are wary of a
standardised approach and some feel that protocol-driven care may jeopardise the
decision-making skills of the profession, especially in a highly technological era in
which physician bedside skills may have already reached a peak (27). According
to Considine et al. (77), clinical guidelines and protocols intend to facilitate and

guide, but not completely replace, clinical decision making.

Many clinicians want to improve their quality of patient care but often lack an
understanding on the process of how to initiate change in order to implement
change. This knowledge deficit has been termed ‘change-process illiteracy’ (78).
Although most ICU physicians have a good knowledge of patient pathology, few of
them possess the formalised training in systems thinking, the process of quality
improvement regarding the change of practice and outcomes measurement (78-
82). Therefore it is important to identify and understand the non-physiological

factors that affect protocol compliance.

A recent study by Chase et al. (83), looked at the role of human factors and how
individuals relate to technological protocols in clinical settings. It was found that

most issues that affect adherence are often unrelated to the patient or treatment;

19



instead they are a function of the protocol design and its ability to integrate into a

given clinical setting.

There are four specific human factors or issues have been identified that can

affect adherence and/or performance i.e.:

e “Management and collaboration. The relationship amongst nursing staff,
doctors, pharmacists and hospital management can affect collaboration,
especially if there is not a multi-disciplinary approach or no clinical leader (84-
87).

e C(Clinical burden, i.e. the time and effort needed to administer a protocol.
Complex protocols or those needing many interruptions, trips from the
bedside, extensive data management or outside input can affect adherence
directly (85-90).

e Transparency. Complex protocols, difficult interfaces and frequent protocol
violations or changes serve to: reduce consistency, remove insight into how
the protocol works, and decrease trust in the protocol. These are important for
good adherence to the guideline and reducing working outside the protocol
(85,87-91).

e Training and education. The level of training and education affects both
transparency and the clinical effort required. Regular in-service training can
also improve the efficiency of care and adherence to a protocol in longer term

use (84,92-96)".
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There are a few theoretical frameworks that could be applied to describe
procedural non-adherence in health care. These frameworks have different origins
and consequentially lead to different types of analyses of the origins of violations

(24).

In 1997 Reason (97) described a framework and distinguished non-adherent
behaviour as being either intentional or non-intentional. In an intentional case,
non-adherence defines a violation, whereas non-intentional, non-adherent
behaviour is an expression of human error (97). Both organisational and individual

factors contribute to the occurrence of violations (98).

The types of violations include routine violations, corporate violations, exceptional
violations, necessary violations and optimising violations (99). Reason (97)
explained that routine and optimising violations were related to personal
characteristics and necessary violations were related to organisational failure.
“Routine violations are violations that occur when a person perceives an
alternative, more efficient way of dealing with a task than the way a policy or a

protocol requires”. He stated that these violations are common and often tolerated.

“Corporate violations result from administration creating a situation that supports
the violation of procedures (e.g. excessive working hours)”. “Exceptional
violations occur in unusual or exceptional circumstances in which a routine cannot

be followed”. Optimisation violations are those where additional motives are
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involved. This category involves a person being motivated by personal goals,
performing experimental treatment and performing unnecessary procedures (97-

99).

Violations are an important part of a model of human behaviour and a breakdown
in performance (24). By applying Reason’s systems approach to protocol
violations (rather than the more common “person” approach of placing blame), it is
possible to understand the overall picture of the cause of the violation in question

(97).

Carthey, (a human factors consultant), Walker (an anaesthetic registrar), and other
colleagues from the Imperial College of London, were concerned about the
burgeoning number of protocols and guidelines used to standardise and clarify
care. They subsequently published an analysis into understanding non-compliance
with protocols and guidelines (100). It was found that there was a reduction in
adherence to protocols and guidelines due to various factors. Staff may: break the
rules if the protocol is complex and lengthy; not follow the protocol because they
are unaware of it because of it was held in an unknown place or inadequate

distribution of the protocol.

There may be multiple versions of the same protocol which could be the reason for
following the wrong protocol. Protocols often need to be updated according to the

latest evidence-based literature however previous versions may remain in
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circulation. Sometimes there are multiple protocols on the same topic, which

leaves healthcare professionals unsure about which protocol to follow (100).

According to Carthey et al (100), sometimes new protocols are introduced as a
reflex to a specific incident. As a result, insignificant protocols may be developed
that can affect staff morale and willingness to comply with other important
protocols (100). Human factors research across several industries has shown that
if more rigid protocols are imposed on healthcare workers, the less likely they are
to comply with them (101, 102). Humans are also naturally adaptable and tend to

improvise, which makes some non-adherence inevitable (103).

Importantly, in our local context, the shortage of skilled nurses poses a problem in
the critical care setting. In 2007 a national audit of critical care resources in South
Africa was conducted and it was found that only 14.5% of nurses working in ICU
were actually ICU trained (31). A large portion of nurses (43%) had 0-5 years of
ICU experience (31). A suggestion by Bhagwanjee et al (104), to reduce the
impact of the shortage of nursing skills, is the implementation of protocols and

guidelines in ICUs .

A study by Perrie (105) in 2006 looked at the level of knowledge of intensive care
nurses, working in South African ICUs, with regards to specific care protocols

commonly used. Results showed that the level of knowledge was well below the
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competency indicator of 70% determined by ICU experts. With regards to
knowledge about glucose control, the average score was 48.7%.
Evaluation of the knowledge of doctors working in ICU has not been researched

but is an important area that needs to be explored.

These are pertinent aspects to consider when looking at protocol adherence. If
one does not understand a protocol, how then can it be effectively adhered to?
Furthermore, how does it influence the development and implementation of

protocols?

2.4 PROTOCOLS - DEVELOPMENT AND IMPLEMENTATION

Human factors play a significant role in protocol adherence therefore human
factors science should be applied to the development and design, implementation,

testing and evaluation of policies and guidelines (100).

Despite the methods of guideline development being complex (106), it must be
ensured that when implemented, desired patient outcomes may be achieved.
There are different recommendations to protocol and guideline development but

the salient points remain common throughout.

“Shekelle et al (107) presented five initial steps in the development of an evidence-

based guideline:
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e dentification and refinement of the subject area

e convening and running guideline development groups

e assessment of the evidence about the clinical question or condition
e translation into a recommendation within a clinical practice guideline

e external review of the guideline”.

At the start of any development process it is imperative that a multi-disciplinary
team is utilised. This ensures that all stakeholders involved with implementing the
protocol are also part of its development. Chan et al (108) commented on their
staff’s perception of increased autonomy and desire to assist with protocol
compliance. This was attributed to them being incorporated into the multi-
disciplinary which was an integral part of the development and implementation of
the protocol. It appears that health care professional involvement in the
development process is imperative for the uptake and compliance of the protocol
being implemented. Some literature provided evidence that guidelines will only be
utilised by healthcare workers if they felt that they had been part of its
develpoment (109, 110). Rees et al (111) puts forward that one of the reasons for
the lack implementation of a protocol was that the staff felt that they were not

involved in the development process.

Equally important in the protocol or guideline development process is taking into

account the local context into which the guideline will be implemented (112). Also
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to be considered are the available resources and the feasibility of implementing

such a protocol or guideline.

“The development of good guidelines does not ensure their use in practice (113).
Systematic reviews of strategies for changing professional behaviour show that
relatively passive methods of disseminating and implementing guidelines, by
publication in professional journals or mailing to targeted healthcare professionals,
rarely lead to changes in practitioners’ behaviour (114, 115). Lomas et al (116)
observed that the failure of passive dissemination strategies is unsurprising given

that many factors influence healthcare professionals' behaviour”.

Research shows that the implementation of clinical guidelines requires time, effort
and resources (113). Most healthcare organisations do not have the resources
and skills to develop valid guidelines from scratch (41, 117). They should try to
identify previously developed guidelines and adapt these for local use (41).
Furthermore, when an organisation has identified relevant guidelines in the
literature, the validity should be appraised before deciding to adopt the

recommendations (113).

There is no one, efficient way to ensure the implementation of new guidelines in
clinical practice (118, 119) therefore, a multifaceted approach should be used.
The choice of strategies should be informed by the available resources, perceived
barriers to care and research evidence about the effectiveness and efficiency of

each of the different strategies (120).
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The developed protocol or guideline should be externally reviewed to ensure
content validity, clarity and applicability (41). Thereafter, there should be

appropriate revision of the guidelines on a regular basis (121).

Protocols are commonly used to guide care in ICUs e.g. glucose control protocols.

2.5 GLUCOSE CONTROL

Numerous protocols have been implemented in ICUs worldwide. Whether these
protocols are adhered to as prescribed is not always clear. Glucose control
protocols, whether paper or computer based, and the range of glucose control that

they target has been controversial.

Up until the late 1990’s, clinicians viewed stress hyperglycaemia as a beneficial
defence mechanism of the body (122). It was accepted for many decades as an
adaptive response to physiological stress i.e. a compensatory mechanism to
provide fuel to vital organs (123). The importance of glucose control in
postoperative patients was first demonstrated by Furnary and associates (124) and

later confirmed by Van den Berghe et al (7).

The large, landmark study by Van den Berghe et al in 2001 (7), a single centre
randomised control trial involving 1548 patients, most of whom had undergone

cardiac surgery, was instrumental in questioning the acceptance of
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hyperglycaemia in critically ill patients. TGC between 4.4 and 6.1 mmol/L was
targeted by IIT (intensive insulin therapy) using a paper-based protocol for insulin

infusion. This represented a huge change in mindset regarding glucose control.

The impact of IIT showed:

e an absolute mortality reduction in ICU from 8% to 4.6%

e a significant reduction in the incidence of multi-organ failure and the need for
renal replacement therapy

e less ventilator dependence

e less liver impairment

e a44% reduction in critical illness polyneuropathy

e a41% reduction in renal failure

e reduced sepsis related morbidity

e reduced blood transfusions (7).

In a subsequent study involving 1200 patients, Van den Berghe et al (6) reported:

e reduced morbidity in patients admitted to a medical ICU

e mortality benefits were only seen in patients treated with IIT for 3 days or
longer

e 18.7% risk of hypoglycaemia.

Confirmation of the mortality benefit of TGC was confirmed in a mixed medical-

surgical ICU setting by Krinsley et al (125, 126). Furnary et al (127) and Lazar et
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al (128) both showed improved patient outcomes with TGC in patients undergoing

cardiac surgery.

An era of TGC then began where centres around the world targeted tighter
glucose ranges. In addition, numerous organisations and societies published
protocols that promote the attainment of normoglycaemia or near-normoglycaemia

in the ICU setting (129-132).

Attempts to replicate the results of the early studies raised concerns about the
safety of TGC. Similarly, two smaller single centre studies from Saudi Arabia and
Colombia failed to demonstrate benefit from IIT (133, 134). The debate was further
fuelled by the premature cessation of two large randomised control trials, VISEP
and GLUCOCONTROL due to unacceptably high rates of severe hypoglycaemia

(8, 9).

Adding to the controversy were the results from the most recently published NICE-
SUGAR trial, the largest randomised control trial to date. They showed that TGC
was associated with a 14-fold increase in hypoglycaemia compared with the
moderate glucose control group. Subsequently, two meta-analyses also
demonstrated that severe hypoglycaemia increased the likelihood of mortality six-
fold (135, 136). The evidence could not be ignored and the concern for
hypoglycaemia resulted in guidelines suggesting more measured, less aggressive

glucose control and higher glucose target ranges (135-137).
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In order to understand the benefits of glucose control, the dynamics of glucose

and insulin interactions in critically ill patients need to be understood.

2.6 GLUCOSE AND INSULIN INTERACTIONS WITH CRITICAL

ILLNESS

“Critical illness promotes a state of insulin resistance which is characterized by
increased hepatic gluconeogenesis and glycogenolysis, impaired peripheral
glucose uptake and higher circulating concentrations of insulin (138). Elevated
levels of cytokines and counter-regulatory hormones such as glucagon, cortisol,
growth hormone and catecholamines trigger upregulation of hepatic glucose
production (139-141). Exercise-stimulated glucose uptake in skeletal muscle
plummets as patients become bedbound (142). Impairments in glycogen synthase
activity limit glucose uptake by heart, skeletal muscle, and adipose tissue.
Furthermore, insulin stimulated glucose uptake by carriers such as GLUT- 4 is

diminished (143, 144)".

These pathophysiological processes serve to elevate glucose levels during critical

illness. However, this has been found to be to the detriment of these patients.

2.7 DELETERIOUS EFFECTS OF HYPERGLYCAEMIA

“Hyperglycaemia has immunomodulatory effects including increased production of

anti-inflammatory cytokines like interleukin 10 (IL-10), promotion of mitochondrial
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dysfunction (145) and impairment of polymorphonuclear neutrophil function
resulting in decreased intracellular bactericidal activity, opsonic activity, and innate

immunity are examples of these (124, 146-148)”.

“Hyperglycaemia promotes inflammation by increasing pro-inflammatory cytokines
such as TNF-alpha, interleukins (149), increasing leucocyte adhesion molecules,
inducing nuclear factor kappa B (150) and promoting the procoagulant state (124,

146-148)".

Hyperglycaemia can lead to significant oxidative stress (151-153). A recent study
showed that hyperglycaemia exacerbates lung injury when using intravenous

lipopolysaccharides rat model of acute lung injury (154).

Hyperglycaemia also “induces the formation of advanced glycation end products
which are now recognised to promote inflammation and endothelial dysfunction
(155). The interaction of AGE and receptors for AGE (RAGE) have been
implicated in endotoxin-induced ALI (156) and shown to modulate outcomes in
septic shock (157). Although AGEs can be difficult to measure experimentally,
RAGE appears to be a marker of Type | cell injury in ALI (158) and a recent acute
respiratory distress syndrome (ARDS) network study demonstrated that higher
circulating levels of RAGE was associated with severity of lung injury and clinical

outcomes (159). These experimental and clinical data provide biologic plausibility
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for why glucose control and insulin treatment may be important in improving

morbidity and mortality in diverse states of critical illness (123)”.

Not only are there benefits of maintaining normoglycaemia in critically ill patients,

but there are also benefits of insulin administration.

2.8 Insulin effects

Insulin has a number of non-glucose metabolic effects that may be important in

critical illness:

e  “modulates inflammation

e reduces free fatty acids and reverses the state of dyslipidaemia in critical
illness

e regulates apoptosis

e prevents endothelial dysfunction and hypercoagulation

e decreases neutrophil chemotaxis and leukocyte adhesion via reduction of
ICAM-1 and macrophage inhibiting factor

e attenuates the catabolic state of critical illness

e prevents excessive nitric oxide which may help regulate oxidative stress (123,

160-167)".

In order for the correct insulin dose to be administered, the correct glucose level

needs to be measured.
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2.9 MEASURING GLUCOSE IN CRITICAL ILLNESS

There are various methods of measuring blood glucose. The most common being
the point-of-care glucose meter readings from a capillary “fingerstick”, but arterial
and venous samples are also used, especially when invasive lines are in place

(123).

It is important as physicians looking at glucose levels to know the site from which
the sample was taken and the device used to measure the glucose level (eg.
blood gas analyser versus central hospital laboratory versus glucose meter
machines) as the readings may not all correlate. Sometimes the values may be of
such significance that clinically relevant changes in insulin titration may occur.
Research by Kaniji et al (168) provided more confirmatory evidence that clinically

relevant differences exist between different methods of glucose measurements.

Bedside capillary glucose meter readings “tended to systematically overestimate
blood glucose (BG) values, which is important to note, as this may lead to delayed
recognition of hypoglycaemia in clinical practice (123). This tendency for
systematic overestimation of capillary readings has been noted in other studies as
well (169-171)”. A number of factors that are commonly encountered during
critical illness can affect point-of-care blood glucose measurements which include:
o “blood source: serum, plasma, whole blood

o blood sampling site (capillary blood differ from venous by as much as 3.8

mmol/l)

33



J amount of blood on glucometer strip
e Too much results in spuriously high levels
e Too little results in spuriously low levels
J haematocrit (progressive anaemia results in spuriously high levels in whole
blood assays)
o peripheral hypoperfusion: shock states, vasoconstriction, dehydration,
vasospastic disorders
o sample processing delay
J substances reported to interfere with glucose measurements e.g. dopamine,

mannitol, acetaminophen, severe lipaemia etc (172)”.

It has been well validated that glucose control be achieved in critically ill patients

but within what range should it be maintained?

2.10 GLUCOSE TARGETS

It is challenging to develop EBP guidelines when the results from various clinical
trials are conflicting. There is agreement in the literature that very high glucose
values are not acceptable but to what degree the glucose should be controlled is

still debated.

After appraising the various studies that had emerged the American Association of

Clinical Endocrinologists and the American Diabetic Association revised their
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recommendations for glucose targets. A summary of their recommendations in the

critically ill are:

insulin infusion preferred

e starting threshold not higher than 10 mmol/l

e maintain BG 7.8-10 mmol/l (greater benefit likely at lower end of this range)

e lower targets may be appropriate in selected patients if already being
successfully achieved

e <6 mmol/l NOT recommended (not safe) (137).

The 2009 online update from the Surviving Sepsis Campaign committee closely

resemble these recommendations with a goal BG approximating 8 mmol/l (173).

However, due to different pathologies and the pathophysiology of critical iliness
being so dynamic, the same glucose targets cannot be standard for every critically

ill patient.

Griesdale et al (135) suggested surgical ICU patients, especially those undergoing
elective surgery, can still benefit from tighter glucose control as opposed to
medical ICU patients. The literature also suggests the benefits of strict glucose

control post cardiac surgery (6, 124, 127, 174).

Locally, the Nesibopho Best Practice Guidelines (175) on glucose control in ICU,

which is endorsed by the Critical Care Society of Southern Africa, recommends
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the maintenance of glucose to be < 8.1 mmol/l but if monitoring is inadequate and

/or hypoglycaemia occurs, maintenance should be between 7-9 mmol/l.

Despite obtaining optimal BG levels and maintaining them, avoidance of large

variations should also be achieved.

2.11 GLUCOSE VARIABILITY

Glucose variability is a way of characterising the fluctuations of glucose values and
has been identified as a prognostic indicator of worse outcomes in known diabetic
patients (176). Glucose variability has been associated with increased mortality
especially in critically ill patients (177). Glucose control should also incorporate

glucose variability and not only single readings (176).

Much controversy surrounds the question of which is more beneficial; the amount

of insulin administered or the level of glucose control achieved?

2.12 INSULIN ADMINISTRATION VERSUS GLUCOSE CONTROL

“Van den Berghe et al (178) performed a multivariate logistic regression analysis
on the data derived from their series of postoperative patients undergoing
mechanical ventilation and determined that the degree of glucose control, rather
than the quantity of insulin administered, was associated with the decrease in

mortality and organ system dysfunction”. The issue of whether increased insulin
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administration or glucose control per se is responsible for Van den Berghe’s highly

positive outcomes has however been debated (180-182).

Finney et al (179) conducted a study involving a cohort of 523 patients,
predominantly undergoing cardiac surgery, and found that there was a positive
correlation between mortality and the amount of insulin given irrespective of the

blood glucose level.

2.13 GLUCOSE PROTOCOLS

In recent years, a large number and variety of protocols have been formulated,
each adapted to local practices and need. The development and implementation
of glucose control protocols demonstrate huge variance across different sites and
therefore need to be assessed closely when interpreting results of studies (176).
“Heterogeneity of patient populations and therapeutic regimens impede universal
adoption of one protocol” (183) . A few of the differences amongst existing
protocols include: route of administration, computerised versus written glucose
control protocols and various healthcare providers determining the appropriate

titration (183).

Protocols that adjust insulin dose, taking into account the degree of
hyperglycaemia as well as the direction and rate of change from the previous
measurement, are favoured (123). Analysis of available protocols and their
performance led Meijering et al (183) to conclude that ‘dynamic protocols’ had

better efficacy and safety when compared to ‘static sliding scale protocols’. Also,

37



fewer hypoglycaemic episodes have been reported when IIT protocols were

managed by nurses rather than adjusted by the prescriber (176).

Computerised protocols are potentially beneficial in comparison to written
protocols as complex calculations can be performed rapidly by computerised
models and many computerised insulin algorithms factor velocity of glucose
change into consideration (176). Characteristics of an evidence-based, safe insulin
administration protocol include a nursing-managed, computerised dynamic system

(176).

Protocols which are changed to apply to local practices need to follow the data to
ensure that hypoglycaemia rates are reduced, adverse events found and
analysed, and that glucose targets are being met. Also it is important to review
feedback from nursing staff regarding obstacles that may inhibit smooth running,

lead to frustration, and add to many protocol violations (123).

Important variations to glucose protocols include nutrition and concurrent
medications. These need to be considered when assessing a protocol’s success
and equally important, when the protocol is implemented. For example, in the Van
den Berghe et al. trial (6, 7) patients were mostly fed by the parenteral route and
received large doses of intravenous glucose. In comparison, many patients in

further trials received nutrition mostly via the enteral route.
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Corticosteroids also influence blood sugar. In the medical ICU study by Van den
Berghe et al (6), approximately half the patients in each arm of the study received
corticosteroids while this number was closer to a third in the NICE-SUGAR trial

(184).

There is now a move away from TGC. Safe Effective Glucose Control (SEGC)

has been suggested as an alternative.

2.14 FROM TGC TO SEGC

Krinsley and Preiser (185), two health care practitioners at the forefront of ongoing
glucose studies, are concerned about the clinical burden of TGC. “TGC demands
a complex application of monitoring and dynamic treatment throughout the course
of the patient’s ICU stay; deficiencies in any number of institutional factors may
doom the intervention to failure (185). Krinsley suggests that the need for frequent
glucose level assessments with TGC, responding to the adjustments in the
administered treatment, the experience and skill of the nursing staff in the use of
protocols may affect the probability that the treatment goals are achieved”.
Moreover, “the structural and organisational characteristics of the ICU may have a
strong impact on the functioning of the protocol especially in view of the high work
burden imposed by TGC-estimated to consume two hours out of a 24-hour

working day for the ICU nurse (186, 187)".
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Instead of TGC, “Krinsley proposed the use of a stepwise approach SEGC. SEGC
involves the adoption of safe glucose targets appropriate to the skills, experience
and available tools of the ICU that does not result in a significant risk of
hypoglycaemia. The use of appropriate data monitoring tools, both for glucose
results and relevant clinical outcomes is essential for SEGC. Lastly, the utilisation

of existing monitoring technologies is mandatory for SEGC”.

“Preliminary clinical evaluations of the accuracy of continuous or near-continuous
glucose monitors have been published recently from 2005-2010 (23-25). These
devices offer the promise of a reduction in severe hypoglycaemia, glucose
variability, the nursing work burden, and will probably become a cornerstone of

SEGC (188-190)".

2.15 CONCLUSION

Hyperglycaemia in the critically ill patients, and the adverse outcomes thereof, has
been well established. Protocols are in place in ICUs worldwide to assist with
glucose control. The overall adherence to glucose control protocols is low. “Reality
is that deep and dangerous gaps exist between the care that patients should
receive and care they actually do receive.” A thought provoking quote by Lavizzo-

Mourey and Berwick (191).
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2.16 SUMMARY

An in depth discussion on various aspects of glucose control and protocols in ICU
has been presented in this chapter. The following chapter will review the research

methodology of this study.
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CHAPTER THREE

RESEARCH DESIGN AND METHODOLOGY

3.1 INTRODUCTION

A detailed explanation of the research methodology is discussed under the
headings: study design, study population and study sample (including sample size,
sampling method, inclusion and exclusion criteria), description of data collection

procedures and statistical analysis of the data.

3.2 PROBLEM STATEMENT

The literature suggests that glucose control in the critical care setting has
important morbidity and mortality implications. Achieving normoglycaemia during
this hypermetabolic state, while avoiding hypoglycaemia, is a challenging task.
Protocols are in place to help achieve glucose targets, however, they may not
always be followed. The use of protocols simplifies processes, standardises care,
facilitates patient safety and reduces costs, but lack of adherence can hinder the
success of any protocol (30). Protocols for glucose control are in place in the
ICUs at Charlotte Maxeke Johannesburg Academic Hospital (CMJAH) but
adherence to these protocols has not yet been evaluated in the cardiothoracic ICU

at this institute.

42



The health care workers (HCWSs) working in the ICU are from varying academic

backgrounds. The nurses are not all ICU trained and some are agency nurses

whom are employed due to staff shortages. “An audit of all critical care resources

in South Africa revealed that the majority (49%) of nurses working in critical care

units in South Africa were registered nurses without critical care training and with
less than 5 years experience (31). Specifically, the cardiothoracic ICU at CMJAH
was found to be staffed, on average, with more than 50% of non-permanent staff

who were employed on a temporary basis via agencies (32)”.

3.3 AIM OF THE STUDY

The aim of the study was to evaluate adherence to the glucose control protocol by

nurses in the cardiothoracic ICU at CMJAH.

3.4 OBJECTIVES OF THE STUDY

The research objectives were to:

e Describe the number of abnormal glucose readings recorded.

e Describe the proportion of protocol violations in relation to the glucose control
protocol.

e Compare the differences in glucose protocol violations between day nursing
staff and night nursing staff.

e Compare the level of training of nurses involved with glucose protocol

violations.
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3.5 LOCATION OF STUDY

The study took place at the cardiothoracic ICU at CMJAH, Gauteng Province,
South Africa. This is a quaternary, academic hospital associated with the
University of Witwatersrand. It is the only public sector cardiothoracic ICU in

Johannesburg.

3.6 ETHICAL CONSIDERATIONS

Approval to conduct this study was obtained from the Postgraduate Committee
(Appendix A), the Humans Ethics Committee (medical) of the University of the

Witwatersrand (Appendix B) and the head of critical care at CMJAH (Appendix D).

In addition, a written informed consent was obtained from the Chief Executive
Officer (CEQO) of CMJAH to conduct the research in the hospital and specifically to

gain access to, and utilize, patients’ records and nurses’ demographics.

The researcher only worked with numbers allocated to patients and not the file
numbers or patients’ names. This ensured confidentiality, privacy and anonymity

of patient information.

Furthermore, anonymity of the nurses working in ICU during the month of March
2011 was maintained as numbers were allocated to them. The allocated numbers

of the nurses, not names, was used when reviewing the ICU charts and the
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researcher only knew the identities of the nurses looking after the patients
included in the study. The researcher and supervisor were the only people who
had access to raw data for this study. Data will be kept for a period of 5 years in a

locked cupboard allowing access only by the researcher.

The retrospective nature of the study did not allow for the researcher to be able to

intervene with any patient treatment.

The study will be conducted in adherence to the principles of the Declaration of

Helsinki (35).

3.7 RESEARCH METHODOLOGY

3.7.1 Study design
A retrospective, contextual, single-centre descriptive research design will be

followed in this study.

Retrospective

“A retrospective study investigates a phenomenon, situation, problem or issue that
has happened in the past, conducted on the basis that data are available for that
period (192)”. Retrospective research often requires the analysis of data that were

originally collected for reasons other than research (193, 194). This study is
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retrospective in nature as it will involve the analyses of recorded data from

patients’ ICU records from a past period of time i.e. March 2011.

Contextual
This study will not involve all inpatients but rather a select group of inpatients with
specific pathophysiological processes i.e. the critically ill patients in a

cardiothoracic ICU.

De Vos (195) describes context as a “small-scale world” of, amongst others,
gangs, clinics, hospital wards or critical care units. This study is contextual in
nature as it will be conducted within a specific context. It will be conducted in a

public sector academic, Cardiothoracic ICU in Gauteng.

Descriptive
“A descriptive design is to gain more information about characteristics within a

particular field of study (37)".

This study is descriptive in nature as it aims to gain information about adherence
to the glucose control protocols, as well as the violations thereof, in a

cardiothoracic ICU.
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3.7.2 Study population and study sample

A retrospective review of all ICU charts of adult patients, post cardiac surgery,
admitted to the CT ICU during the month of March 2011 at CMJAH and the
demographics of the nurses looking after those patients during that time

constituted the study sample.

3.7.3 Sample Size
During this study period, 22 patients were admitted and 741 glucose readings

were obtained.

3.7.4 Sampling Method

The reason for choosing this month was that it had the most ICU admissions
therefore a convenience sampling method was used. This sampling method was
also chosen due to the scope of the study as well as ease of access to patients’

records. This method of sampling is accepted in descriptive research design (196).

3.7.5 Inclusion and exclusion criteria

Inclusion criteria included the ICU records of all adult patients, 16 years and older,
admitted to the CT ICU during the month of March 2011 and the demographic data
of the nurses looking after these patients at the time.

There were no exclusion criteria.
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3.7.6 Data collection procedure

Data collection is the specific, systematic gathering of information relevant to the

research purpose or the specific objectives and questions of the study (37).

After approval was obtained from the head of the CT ICU at CMJAH, Wits
University Human Research Ethics Committee (medical), University of
Witwatersrand and the Chief Executive Officer of CMJAH, the ICU records of all
adult patients admitted post cardiac surgery during March 2011 admissions

was reviewed. The data was collected by the researcher personally, from the daily
ICU charts used both by nurses and physicians in the unit. A data capture record
was completed using the daily ICU records of patients’ previously admitted to the
cardiothoracic ICU in March 2011. The data was then entered onto a Microsoft

Excel spreadsheet.

Data collected included:

a) Patient data
e demographic data (age, gender& race)
e admitting diagnoses
e insulin dosage according to protocol including insulin infusion
adjustments
e blood glucose
e time of glucose administration

e length of ICU stay.
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b)  Nursing Data
e Nurse shift - day shift (07h00-19h00) or night shift (19h00-0700)

e |CU trained or not ICU trained

3.7.7 Statistical Analysis

Raw data was captured using an Excel data spreadsheet and analysed using the
software programme STATA 11 statistical software (STATA Corporation, College

Station, TX USA).

The following variables were included in the analysis:
Age (in years), gender, ICU admission procedure, protocol violations, nurse shift
(day/night), nurse ICU trained (yes/no), length of stay in ICU (days) and glucose

values.

The results of the study were described and analysed using descriptive and
inferential statistics. Frequencies and percentages were used summarise the
categorical data. Mean (age of patients), median IQR and ranges were used to
summarise the continuous data. Comparisons were made using the chi-square
test and P-values of <0.05 were considered statistically significant. Missing data

was still included in the analysis and was charted as “unknown”.
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3.8 Validity and Reliability

Validity
“Validity is the extent to which the instrument actually reflects or measures what it
is supposed to measure (37)”. Content validity was secured by literature review,

experts in intensive care, a biostatistician and research methodologist.

Reliability

“Reliability is concerned with how consistently the measurement technique
measures a variable or concept (37)”. The data was collected, from patients’
records, by a single researcher only. This ensured that the data is collected in a

standardised manner and is reliable.

3.9 SUMMARY

In this chapter, a detailed explanation of the research methodology has been
presented under the headings of study design, study population and study sample
(including sample size, sampling method, inclusion and exclusion criteria),
description of data collection procedure and the planned statistical analysis of the

data.

The following chapter details the data analysis and discussion of the results of this

study.
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CHAPTER FOUR

DATA PRESENTATION AND DISCUSSION OF RESULTS

4.1 INTRODUCTION

In this chapter, the results of this study are presented and discussed, in

accordance with the research objectives.

The research objectives were to:

e Describe the number of abnormal glucose readings recorded;

e Describe the proportion of protocol violations in relation to the glucose
control protocol;

e Compare the glucose protocol violations of the day nursing staff and night
nursing staff;

e Compare the level of training of nurses involved in protocol violation.

4.2 SAMPLE REALISATION AND APPROACH TO DATA

ANALYSIS

The data was collected through a retrospective review of the ICU charts of adult
patients, post cardiac surgery, who were admitted to the CT ICU at CMJAH during

the month of March 2011.
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During this study period, 22 patients were admitted and 741 glucose readings

were taken.

The results of the study are described and analysed using descriptive and
inferential statistics. Data that was not available, i.e. information missing from
charts or unavailable demographic data of nurses were included in the study, but
charted as “unknown”. All results were rounded to 2 decimal places. An abnormal
glucose value was defined as a glucose value < 4.1 and > 6 mmol/l according to

the glucose control protocol in place during March 2011 (Appendix G).

4.3 RESULTS

4.3.1 Demographic Data

During the data collection period, 22 patients were admitted: 13 (59.1%) male and
9 (40.9%) female. The mean age of patients was 48.5 years; the age range was

17 - 76 years. Figure 4.1 shows the median age and the IQR by gender.

Figure 4.1 Median age and IQR by gender

P—
80 1) ‘ OUTLIER more than 3/2 times of upper quartile
MAXIMUM greatest value excluding outliers
60 | | UPPER QUARTILE 25% of data greater than
this value
Age 1 | MEDIAN 50% of data is greater than this
value; middle of dataset
40 -
LOWER QUARTILE 25% of data less than
S this value
20 ’
MINIMUM Least value, excluding outliers |
Female Male
° ‘ OUTLIER Less than 3/2 times of lower quartile
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The median (IQR) length of stay in ICU was 4 (3-5) days, with two patients staying

in ICU for more than 20 days.

The demographic data of the nursing staff was as follows:

ICU trained versus non-ICU trained

e Day shift versus night shift

62.6% (n=464) of the glucose readings were obtained by ICU trained nurses,
33.2% (n=245) of the readings were obtained by non-ICU trained nurses, and it

was unknown who obtained 4.2% (n=31) of the readings.

The day shift obtained 46.6% (n=345) of the glucose readings; the night shift
obtained 51.3% (n=380) of the glucose readings; and it was unknown who

obtained 2.1% (n=16) of the readings.

The surgical procedures were categorised as: valvular - 77.3% (n=17); coronary -
13.6% (n=3); and other - 9.1% (n=2). Table 4.1 shows the specific surgical

procedures performed during the research period.
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Table 4.1 Specific type and number of surgical procedures performed

Variable N (%)
Surgical procedure

MVR+TA+MAZE 4 18.2%
DVR 2 9.1%
MVR 3 13.6%
AVR 1 4.5%
CABG 2 vessel 1 4.5%
CABG 3 vessel 1 4.5%
CABG 4 vessel 1 4.5%
AVR+TA 1 4.5%
DVR+TA+MAZE 1 4.5%
AVR+TA+MV REPAIR 1 4.5%
MVR+TA 2 9.1%
Redo DSAS+AVR 1 4.5%
Submitral aneurysm+MVR 1 4.5%
Other 2 9.1%

Key: MVR=Mitral Valve Replacement; TA=Tricuspid Annuloplasty;
MAZE=Ablation of Conduction System of Atria; DVR=Double Valve
Replacement; AVR=Aortic Valve Replacement; CABG= Coronary Artery Bypass

Graft; Mitral Valve Repair; DSAS=Discrete Sub-aortic Membrane Stenosis.
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4.3.2 Number of abnormal glucose readings recorded

The first objective of the study was to describe the number of abnormal glucose

readings recorded in adult patients post cardiac surgery ina CT ICU.

An abnormal glucose value was defined as a glucose value < 4.1 and > 6 mmol/l,

as per glucose control protocol in place during March 2011 (Appendix G).

A total of 741 glucose readings were taken. The median blood glucose
concentration was 7. 8 mmol/l (IQR 6.7 - 9.3 mmol/l). The median and IQR for
each patient is shown in Figure 4.2; the range of glucose readings (3.1-17.8

mmol/l) is shown in Figure 4.3.

Figure 4.2 Median & IQR for glucose values per patient
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Figure 4.3 Range of glucose readings
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Table 4.2 shows the number of glucose readings obtained in the different glucose
ranges. According to the glucose control protocol in place during March 2011, 629
(84.9%) of the readings were abnormal, i.e. outside the required glucose range.
The target range of 4.1-6 mmol/l was only seen in 112 (15.1%) of the glucose

readings.

Hypoglycaemia (defined in this as a glucose value of less than 4 mmol/l) was
evident in 7 (0.9%) glucose readings. If the results were analysed according to the
new glucose protocol currently in place, the target range of 6.1-8 mmol/l would

have been seen in 279 (37.7%) readings.
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Table 4.2 Glucose results by category

Glucose category Number| % Normal Range

<4 7 0.9 No

41-6 112 15.1 Yes
6.1-8 279 37.7 No
8.1-12 300 40.5 No
12.1-14 26 3.5 No

14.1 -16 6 0.8 No

16.1 - 18 11 1.5 No

>18 0 0 No

4.3.3 To describe the proportion of protocol violations in relation to the

glucose control protocol

The next objective of the study was to describe the proportion of protocol

violations in relation to the glucose control protocol.

During the study period, a total of 741 glucose readings were taken. Overall, 411

(55.5%) protocol violations were recorded and 18 (2.4%) were unknown.

Figure 4.4 demonstrates the number of glucose readings obtained for each patient
and the proportion of violations from the glucose control protocol per patient. The

unknown values are not shown on this figure.
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Figure 4.4

Protocol violations with respect to glucose readings per patient
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Table 4.3 depicts the total number of glucose readings and the number of protocol

violations for each patient. This table includes the unknown values per patient.
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Table 4.3 Number of glucose readings and protocol violations per patient

Patient | Protocol No protocol Total glucose
number | violation violation Unknown | readings per
patient
1 1 9 0 10
2 15 4 0 )
3 12 8 6 56
4 13 10 0 23
> 15 10 0 25
° 18 1 0 19
7 15 18 1 32
8 21 13 0 34
9 16 9 0 o5
10 16 > 1 =
1 9 13 2 24
12 8 48 0 133
13 3 6 1 10
14 7 13 1 21
15 20 53 5 7
16 6 6 1 13
1 2 11 0 13
18 77 69 0 146
19 18 7 2 T
20 15 1 5 =
21 9 3 1 13
22 18 8 1 27
411 312 18 741
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4.3.4 To compare the differences in glucose protocol violations between the

day nursing staff and night nursing staff

The next objective of this study was to compare the differences in glucose protocol

violations between the day nursing staff and night nursing staff.

Day staff work a 07h00-19h00 shift and night staff work from 19h00-07h00. No
statistically significant difference was found between day nursing staff and night

nursing staff - X2(1) =1.29, p=0.26. This is shown in Table 4.4.

Table 4.4 Association between day staff and night staff and protocol

violations
Glucose Protocol
. . . . Protocol

Variable readings violations violation P value
n (%) n (%)

Nurse shift

- Day 345 (46.6%) 156 (45.4%) | 188 (54.7%)

- Night 380 (51.2%) 156 (41.2%) | 223 (58.5%) 0.26

4.3.5 To compare the level of training of nurses involved with glucose

control violations

The last objective of the study was to compare the level of training of nurses

involved with glucose control violations.
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A statistically significant difference was found in protocol violations between ICU
trained and non-ICU trained nursing staff - X2 (1) =6.97, p=0.008. The non-ICU

trained staff violated the protocol more often. This is shown in Table 4.5.

Table 4.5: Association between ICU training and protocol violations

Glucose No Protocol
Protocol
Variable Readings Violation P value
Violation
n (%) n (%)
Training
- |ICU trained 464 (62.6%) | 216 (46.7%) 247 (53.3%)
- non-ICU trained | 245 (33.2%) | 89 (36.3%) 156 (63.7%)
0.008

4.4 Discussion

In this study, the proportion of glucose protocol violations was found to be 55.5%.
This value is higher than that reported by Taylor et al. (25) and Rood et al. (26),
with glucose protocol violations reported as 47% and 44% respectively. Oeyen et
al. (3), reported 29% violations to an insulin protocol. The NICE-SUGAR trial
reported a 29% violation rate to a glucose control protocol. Possible reasons for
the lower proportion of violations are that these were large trials conducted in

developed countries that have adequate resources compared to our local setting.
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Shift work, and in particular working night shifts, is recognised as a source of
stress for nurses (197). In a study of 23 Australian nurses, getting less sleep was
significantly related to an increased likelihood of patient error and a decreased
likelihood of finding someone else’s error (198). It was this understanding of the
night nursing staff probably committing more protocol violations than the day staff
that motivated us to review the timing of protocol violations. However, there was
no statistical significance between day staff and night staff violations with a p—
value of 0.26. It is beyond the scope of this study to identify reasons for similar

proportion of violations between day staff and night staff in this study sample.

According to the South African National Audit of Critical Care Resources in 2007,
there is a national shortage of critical care nurses (31). As a result, there is over-
stretching of the active critical care nurse and a risk of increased workload and
burnout (31). The workload burden of protocols in the ICU is an important factor to
consider. In a prospective single-centre study, it was shown that the time required
for a glucose control protocol to be implemented was 2 hours per day, that is,
approximately 20% of a nurse’s working day (186). Together with staff shortages
and highly protocolised ICUs, critical care nurses are under constant pressure to
deliver safe and effective care to critically ill patients, as well as to impart their
skills and knowledge to non-ICU trained nurses. In this study, we looked at
protocol violations between ICU trained and non-ICU trained nurses and, after
reviewing the literature were not surprised to find that in our study there were

more protocol violations by the non-ICU trained nurses; a p-value of 0.008.
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For a protocol to be efficiently developed and implemented, its feasibility should be
tailored according to resource availability in that setting. All health care workers
involved in patient care (nurses, doctors, nutritionists, etc,) need to work together
in order to facilitate this process. Other health care workers involved with
implementation of the glucose control protocol were not evaluated in this study,

but are equally responsible, as nurses, in implementing protocols.

Protocol violation may or may not compromise patient care. Conducting an audit of
practice in ICUs assists in identifying the reasons for violations. In 2008, Gupta et
al. (199) reported a case of accidental severe hypoglycaemia and
neuroglycopaenia caused by an arterial line flush error. The fluid used as the
arterial line flush was normal saline with dextrose, instead of plain normal saline.
As a result, falsely high glucose readings were taken from blood samples from the
arterial line as a saline/glucose flush had been used. Insulin was used to treat
these erroneously high glucose readings, according to the glucose control protocol
in place in that ICU at that time. This resulted in the patient suffering severe

hypoglycaemia and neuroglycopaenia.

This is just one of several examples in which even though the action was not
strictly a protocol violation, it did demonstrate how a simple error can lead to an

adverse patient outcome.
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According to Wong et al. (200), “one of the cardinal concepts, (borrowed from
industry), in patient safety, is systems analysis. This is the concept that system
failure, not individual human failure, is to blame for many of the adverse events
occurring in health care. An important part of moving beyond the blame and
punishment often associated with medical error is recognizing that the human
factor is only one aspect of today’s complicated medical system”. “Preventing
errors and improving safety for patients require a systems approach in order to
modify the conditions that contribute to errors. People working in health care are
among the most educated and dedicated work force in any industry. The problem
is not bad people; the problem is that the system needs to be made safer.” A

saying which also needs to be kept in mind is “To err is human” (201).

Other possible causes for protocol violations include:

o “‘interaction with technology

. the large number of health care staff involved in the provision of care,
resulting in multiple hand-overs

o poor communication between patients and staff and poor staff-staff
communication

o stress and fatigue

o human factor design flaws

o lack of appropriate education and training

o higher acuity of illness

e the need for rapid decision-making

J reduction in staffing
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J a lack of redundancies to prevent error (201)”.

Cabana et al. (202) identified barriers to adherence to practice guidelines. In their
model, “barriers to knowledge include lack of awareness and familiarity with
guidelines. Barriers to attitude include lack of agreement with guidelines, lack of
self-efficacy, lack of outcome expectancy and lack of motivation. Barriers to
behaviour include factors related to patients (e.g. patient expectation), the practice
environment (e.g. lack of time; or resources) and the guidelines themselves (e.g.

conflicting recommendations). These categories are indicated in Table 4.6.

Table 4.6 Summary of Cabana’s barriers to using guidelines (202)

Physician Attribute Barriers

Lack of awareness
Knowledge
Lack of familiarity

Lack of agreement

Lack of self-efficacy*
Attitude
Lack of outcome expectancy**

Inertia of previous practice

External barriers

. Patient related barriers
Behaviour
° Environmental related barriers

. Guideline related barriers
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Lack of self-efficacy: self-efficacy is the belief that one can perform a
task.

Lack of outcome expectancy: outcome expectancy is the belief that if one

carries out the task it will make a difference to patient outcomes”.

Although adherence to the protocol was poor, the median (IQR) glucose reading
was 7.8 mmol/l. Locally, the Nesibopho Best Practice Guidelines (175) on glucose
control in ICU, (which is endorsed by the Critical Care Society of Southern Africa),
recommends the maintenance of glucose to be <8.1 mmol/l; but if monitoring is
inadequate or hypoglycaemia occurs, maintenance should be between 7-9 mmol/I.
Therefore the glucose value being obtained in the CT ICU, despite resource

constraints and protocol violations, was found to still be within a reasonable range.

The benefits and risks of TGC has been an ongoing debate, but there seems to be
a move towards SEGC rather than TGC (185). Despite the morbidity and mortality
implications of TGC, the work burden of implementing TGC is difficult in the local
setting, as highlighted by a national audit of resources in the critical care setting,
which showed a shortage of skilled nursing staff (31). Therefore, the finding of a
statistically significant proportion of protocol violations by non-ICU trained nursing
staff in this study bears further evidence of the shortage of skilled nursing staff in
ICUs, which then impacts on patient safety. An important point to note from the
landmark Leuven 1 trial (7) was that TGC in the ICU was possible due to
adequacy of nursing staff- hence hypoglycaemic episodes were reduced.

However, this is not feasible in most critical care settings.
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Glucose control is difficult in critically ill patients and the target glucose range is
not always met. The exact incidence of hospital hyperglycaemia is not known, but
it varies based on study populations and definitions utilised in previous reports.
Two observational studies, which used 7.8 mmol/ as hyperglycaemia, found
hyperglycaemia in 80% of critically ill patients after cardiac surgery (12, 13). The
occurrence of hyperglycaemia is even more evident in critically ill patients; 31% of
the population will have at least one BG reading >11.1 mmol/l and nearly 100%

will have a BG > 6.1 mmol/l during their ICU stay (7, 10, 14).

“Based on the results of recent trials, the American Association of Clinical
Endocrinologist and American Diabetes Association task force on inpatient
glucose control, it was recommended that targeting a BG level between 7.8 and
10.0 mmol/I for the majority of ICU patients and a lower glucose target between

6.1 and 7.8 mmol/l in selected ICU patients (i.e. centres with extensive experience
and appropriate nursing support, cardiac surgical patients and patients with stable
glucose control without hypoglycaemia) (203). Glucose targets >10 mmol/l or < 6.1

mmol/l are not recommended in ICU patients (74, 79)".

In this study, the target glucose range during March 2011 in the CT ICU was 4.1-6
mmol/Il. This target range was only seen in 15.1% of glucose readings with the
number of abnormal readings being 84.9% (n=629). According to the new glucose
control protocol that is now implemented in the CT ICU, the target range is 6.1-8

mmol/l. This target range would therefore be seen in 37.7% of the readings.
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4.5 CONCLUSION

“One of the most consistent findings in research on health services is the gap
between evidence and practice (43)”. Evidence-based protocols and guidelines
are utilised to assist not only with patient clinical management and to reduce the
guess work from patient care, but to also reduce the work load on nursing staff as
a short term solution to skilled staff shortages (104). The finding of a substantial
proportion of protocol violations in the ICU highlights the necessity of further
education and ongoing assessments of implemented protocols by all health care

workers involved with patient care.

4.6 SUMMARY

In this chapter the results of the study were presented, as per the research
objectives, and discussed. The data presented included: the sample realisation;
the demographic data of the study sample; the number of abnormal glucose
readings recorded from adult patients post cardiac surgery in a CT ICU; the
proportion of protocol violations from the glucose control protocol used in ICU, the
differences in glucose protocol violations between day nursing staff and night
nursing staff and the level of training of ICU nursing staff involved with protocol
violation. The findings were described and analysed using descriptive and

inferential statistics.
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In the final chapter a summary is presented, together with the limitations,

recommendations and a conclusion of the study.
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CHAPTER 5

SUMMARY, LIMITATIONS, RECOMMENDATIONS AND

CONCLUSION

5.1 INTRODUCTION

In this chapter, the aim, objectives, study design and results of the study will be
reviewed briefly. The limitations of the study will be addressed, recommendations
made to improve clinical practice and suggestions provided for areas of further

research. Finally, a conclusion is presented.

5.2 SUMMARY OF THE STUDY

5.2.1 Aim of the study

The aim of the study was to evaluate adherence to the glucose control protocol by

nurses in the cardiothoracic ICU at CMJAH.

5.2.2 Obijectives of the study
The research objectives were to:

o Describe the number of abnormal glucose readings recorded.
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o Describe the proportion of protocol violations in relation to the glucose control
protocol.

o Compare the differences in glucose protocol violations between day nursing
staff and night nursing staff.

o Compare the level of training of nurses involved with glucose protocol

violations.

5.2.3 Summary of methodology used in the study

A retrospective, contextual, single-centre descriptive research design was used in
this study. The ICU charts of all adult patients, post cardiac surgery, admitted to
the CT ICU during March 2011 at CMJAH and the demographics of the nurses
working in the unit for that period of time were reviewed and this constituted the
study sample. The reason for choosing this month was that it had the highest
number of ICU admissions during the research period. A convenience sampling

method was employed.

The glucose control protocol in place in ICU at the time of conducting the study

was defined.

Inclusion and exclusion criteria were also defined. The data collected was

analysed using STATA 11 statistical software.
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The results of the study were described and analysed using descriptive and
inferential statistics. Frequencies and percentages were used summarise the
categorical data. Mean (age of patients), median IQR and ranges were used to
summarise the continuous data. Comparisons were made using the chi-square

test and P-values of <0.05 were considered statistically significant.

5.2.4 Main findings of the study

Twenty-two patients’ ICU charts were entered in the study and a total of 741
glucose readings evaluated. The median glucose reading was 7.8 mmol/l (6.7- 9.3
mmol/l). Of the 741 readings, 629 (84.9%) were abnormal (i.e. outside the required
target range) according to the glucose control protocol at the time. Overall, the

proportion of protocol violations was 55.5%.

Protocol violations were similar between day and night staff, i.e.188 (54.7%) and

223 (58.5%) respectively (p =0.256).

Of the total glucose readings, 463 (65.4%) were done by ICU trained nurses and

245 (34.6%) by non-ICU trained nurses.

There were fewer protocol violations recorded by ICU trained nurses as opposed

to non-ICU trained nurses, i.e. 53.3% and 63.7% respectively (p<0.05).
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5.3 LIMITATIONS OF THE STUDY

This study has the following limitations.

This study was done contextually at CMJAH and the results may not be

generalisable to other ICUs.

It was unknown what the sample size would be until the data was collected (as we
did not know how many blood glucose readings would be done in one month) and
therefore were unable to calculate the sample size necessary to find this
difference so the results should be interpreted with caution as they may be

underpowered.

A study by Kaniji et al. (168) confirmed that there may be clinically relevant
disparities between different methods of glucose measurement. The “gold
standard” of blood glucose measurement involves a blood sample being sent to
the laboratory for the most accurate result; however, this was not feasible in this
study. Most glucose values in this study were identified by blood gas analysis;
however it was not distinguished on the chart when a point of care machine was
used or when an arterial blood sample and a venous blood sample were used.
Using arterial blood sample compared to venous blood sample being more
accurate for glucose measurement. A single standardised method of glucose
measurement should ideally be used; however, this study is a reflection of day to

day practice in the ICU.

73



Lastly other limitations of a retrospective study are that it relies on the accuracy of
written record or recall by individuals (recall bias), as well as legibility and
availability of records. In this study, determining nursing demographic data posed
a challenge, as data was obtained from poorly kept shift records and via word of
mouth. Therefore, it is possible that there was a loss of important data and that

inaccurate data was collected.

5.4 RECOMMENDATIONS FROM THE STUDY

5.4.1 Recommendations for clinical practice

The workload burden of implementing a glucose control protocol in our ICU setting
is notable. A trend towards SEGC, rather than TGC is a more manageable

approach to glucose control.

Due to the severity of illness in critically ill patients, the rapid advancement in
technology and the emergence of new information, all health care workers need to
be up to date and well acquainted with the literature in order to provide safe,
quality care to patients. Educational programmes need to be implemented, for all
health care workers in ICU. All programmes should be updated and presented

regularly to new health care workers in the CT ICU.
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There is a gap between research and practice. There should be regular audits of
clinical practice to ensure that what is prescribed for the patient is actually the care

given.

5.4.2 Recommendations for further research

Education of health care workers and follow up questionnaires on the

understanding and implementation of local protocols.

Evaluate and identify factors responsible for protocol violation and target those
factors in order to improve adherence to any protocol implemented in ICU. As
proposed by Cabana et al. (202) mentioned in the previous chapter where the
knowledge, attitudes and behaviour of health care workers should be evaluated
when implementing a protocol. Furthermore, a systems analysis approach should

be considered for implementation of future protocols (200).

The literature has revealed a large number of studies involving computerised and
closed-loop protocol implementation with improved adherence to the protocol.
These types of protocols will be used in future for further research into protocol

implementation.
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5.5 CONCLUSION

Adherence to the glucose control protocol in the CT ICU was poor. Despite a high
percentage of protocol violations, the median blood glucose level was 7.8 mmol/I.
The number of violations committed by day staff and night staff were similar and
not statistically significant. ICU trained nurses committed fewer violations than

non-ICU trained nurses and this was statistically significant.

These results suggest that the training and education of healthcare workers in
implementing protocols is an ongoing and dynamic process and evaluation is

needed on a regular basis.

76



REFERENCES

1. McCowen KC, Malhotra A, Bistrian BR. Stress-induced hyperglycemia.
Critical Care Clinics. 2001;17(1):107-24.

2. Preiser JC, Devos P, Van den Berghe G. Tight control of glycaemia in
critically ill patients. Current Opinion Clinical Nutrition and Metabolism Care.
2002;5(5):533-7.

3. Oeyen SG, Hoste EA, Roosens CD, Decruyenaere JM, Blot SI. Adherence
to and efficacy and safety of an insulin protocol in the critically ill: a prospective
observational study. American Journal of Critical Care. 2007;16(6):599-608.

4. Capes SE, Hunt D, Malmberg K, Gerstein HC. Stress hyperglycaemia and
increased risk of death after myocardial infarction in patients with and without
diabetes: a systematic overview. Lancet. 2000;355(9206):773-8.

5. Umpierrez GE, Isaacs SD, Bazargan N, You X, Thaler LM, Kitabchi AE.
Hyperglycemia: an independent marker of in-hospital mortality in patients with
undiagnosed diabetes. Journal of Clinical Endocrinology Metabolism.
2002;87(3):978-82.

6. Van den Berghe G, Wilmer A, Hermans G, Milants |, et al. Intensive insulin
therapy in the medical ICU. New England Journal of Medicine. 2006;354(5):449-
61.

7. Van den Berghe G, Wouters P, Weekers F, Verwaest C, et al. Intensive
insulin therapy critically ill patients. New England Journal of Medicine.
2001;345(19):1359-67.

8. Brunkhorst FM, Engel C, Bloos F, Meier-Hellmann A, Ragaller M, Weiler N,
et al. Intensive insulin therapy and pentastarch resuscitation in severe sepsis. New
England Journal of Medicine. 2008;358(2):125-39.

77



9. Devos P, Melot C. Impact of tight glucose control by intensive insulin
therapy on ICU mortality and the rate of hypoglycemia: final results of the
Glucontrol study. Intensive Care Medicine. 2007;33(Suppl 2):S189.

10.  Finfer S, Chittock DR, Su SY, et al. Intensive versus conventional glucose
control in critically ill patients. New England Journal of Medicine.
2009;360(13):1283-97.

11.  Preiser JC, Devos P, Ruiz-Santana S, Melot C, et al. A prospective
randomised multi-centre controlled trial on tight glucose control by intensive insulin
therapy in adult intensive care units: the Glucontrol study. Intensive Care
Medicine. 2009;35(10):1738-48.

12. Bagshaw S, Bellomo R, Jacka M, Egi M, et al. The impact of early
hypoglycemia and blood glucose variability on outcome in critical illness. Critical
Care Medicine. 2009;13(3):R91.

13.  Hermanides J, Bosman RJ, Vriesendorp TM, Dotsch R, et al. Hypoglycemia
is associated with intensive care unit mortality. Critical Care Medicine.
2010;38(6):1430-4

14.  Krinsley JS, Grover A. Severe hypoglycemia in critically ill patients: risk
factors and outcomes. Critical Care Medicine. 2007;35(10):2262-7.

15.  Vriesendorp TM, DeVries JH, van Santen S, Moeniralam HS, De Jonge E,
Roos YB, et al. Evaluation of short-term consequences of hypoglycemia in an

intensive care unit. Critical Care Medicine. 2006;34(11):2714-8.

16.  Halter JB, Pflug AE. Effects of anesthesia and surgical stress on insulin
secretion in man. Metabolism. 1980;29(11 Suppl 1):1124-7.

78



17.  Robertshaw HJ, McAnulty GR, Hall GH. Strategies for managing the
diabetic patient. Best Practice Research: Clinical Anaesthesiology.
2004;18(4):631-43.

18.  Thorell A, Nygren J, Hirshman MF, et al. Surgery-induced insulin resistance
in human patients: relation to glucose transport and utilization. American Journal
of Physiology. 1999;276(4 Pt 1):E754-61.

19.  Raju TA, Torjman MC, Goldberg ME. Perioperative blood glucose
monitoring in the general surgical population. Journal of Diabetes Science and
Technology. 2009;3(6):1282-7.

20.  Auer RN. Hypoglycemic brain damage. Metabolic Brain Disease.
2004;19(3-4):169-75.

21.  Rovlias A and Kotsou S. The influence of hyperglycemia on neurological
outcome in patients with severe head injury. Neurosurgery. 2000;46(2):335-42;

discussion 42-3.

22.  Falciglia M, Freyberg RW, Almenoff PL. Hyperglycemia-related mortality in
critically ill patients varies with admission diagnosis. Critical Care Medicine.
2009;37(12):3001-9

23. Gandhi GY, Nuttall GA, Abel MD, et al. Intraoperative hyperglycemia and
perioperative outcomes in cardiac surgery patients. Mayo Clinic Proceedings.
2005;80(7):862-6.

24. Drews FA, Wallace J, Benuzillo J. Protocol adherence in the intensive care

unit. Human Factors and Ergonomics in Manufacturing & Service Industries.
2012;22(1):21-31

79



25.  Taylor BE, Schallom ME, Sona CS, Buchman TG, et al. Efficacy and safety
of an insulin infusion protocol in a surgical ICU. Journal of American College of
Surgery. 2006;202(1):1-9.

26. Rood E, Bosman RJ, van der Spoel JI, et al. Use of a computerized
guideline for glucose regulation in the intensive care unit improved both guideline
adherence and glucose regulation. Journal American Medical Information
Association. 2005;12(2):172-80.

27.  Wall RJ, Dittus RS, Ely EW. Protocol-driven care in the intensive care unit:
a tool for quality. Critical Care. 2001;5(6):283-5.

28. Ely EW, Meade MO, Haponik EF, Kollef MH, Cook DJ, Guyatt GH, et al.
Mechanical ventilator weaning protocols driven by non-physician health-care
professionals: evidence-based clinical practice guidelines. Chest. 2001;120(6
Suppl):454S-63S.

29. Holcomb BW, Wheeler AP, Ely EW. New ways to reduce unnecessary
variation and improve outcomes in the intensive care unit. Current Opinion in
Critical Care. 2001;7(4):304-11.

30. Plost G, Nelson DP. Empowering critical care nurses to improve
compliance with protocols in the intensive care unit. American Journal of Critical
Care. 2007;16(2):153-6.

31.  Scribante J & Bhagwanjee S. National audit of critical care resources in
South African: Nursing profile. South African Medical Journal. 2007;97(12):1315-8.

32. Scribante J & Bhagwanjee S. ICU nurse allocation in a cardiothoracic ICU:
How many hands do we need? South African Journal of Critical Care.
2007;23(2):66-9.

80



33. Schrefer S, Como D & Myers T. Mosby’s Medical, Nursing & Allied Health
Dictionary. 6!" ed. Philadelphia: Mosby; 2002.

34. llott I, Rick JO, Patterson M, Turgoose C, Lacey A. What is protocol-based
care? A concept analysis. Journal of Nursing Management. 2006;14(7):544-52.

35. Goodyear MDE, Eckenwiler LA, Ells C. Fresh thinking about the Declaration
of Helsinki. 2008-10-17 13:53:16.

36. Burns N, Grove SK. The practice of Nursing Research. 4" ed. Philadelphia:
WB Saunders Publications; 2001.

37.  Whitcomb BW, Pradhan EK, Pittas AG, Roghmann MC, Perencevich EN.
Impact of admission hyperglycemia on hospital mortality in various intensive care
unit populations. Critical Care Medicine. 2005;33(12):2772-7.

38. Burns N, Grove SK. Understanding Nursing Research. 3" ed. Philadelphia:
W.B. Saunders; 2003.

39. Trajanoski Z, Brunner GA, Gfrerer RJ, Wach P, Pieber TR. Accuracy of
home blood glucose meters during hypoglycemia. Diabetes Care.
1996;19(12):1412-5.

40. Sackett DL, Rosenberg WM, Gray JA, Haynes RB, Richardson WS.
Evidence based medicine: what it is and what it isn't. British Journal of Medicine.

1996:312(7023):71-2.

41. Salmond SW. Advancing Evidence/Based Practice: A Primer. Orthopaedic
Nursing. 2007;26(2):114-23.

42.  Shekelle PG, Woolf SH, Eccles M, Grimshaw J. Developing guidelines.
British Journal of Medicine. 1999;318(7183):593-6.

81



43. Melnyk BM, Fineout-Overholt E, Stetler C, Allan J. Outcomes and
implementation strategies from the first U.S. Evidence-Based Practice Leadership
Summit. Worldviews Evidence Based Nursing. 2005;2(3):113-21.

44. Bodenheimer T. The American health care system-the movement for
improved quality in health care. New England Journal of Medicine.
1999;340(6):488-92.

45.  Greiner AC, Knebel, E. Committee on the Health Professions Education
Summit. Health Professions Education: A Bridge to Quality. Washington D.C.:

National Academies Press; 2003.

46. Gray M, Bliss DZ, Bookout K, Colwell J, Dutcher JA, Engberg S, et al.
Evidence-based nursing practice: a primer for the WOC nurse. Journal of Wound
Ostomy Continence Nursing. 2002;29(6):283-6.

47.  Narayanan UG, Wright JG. Evidence-based medicine: a prescription to
change the culture of pediatric orthopaedics. Journal of Pediatrics Orthopaedics.
2002;22(3):277-8.

48.  Fineout-Overholt E, Melnyk BM, Schultz A. Transforming health care from
the inside out: advancing evidence-based practice in the 21st century. Journal of
Professional Nursing. 2005;21(6):335-44.

49. Pagoto SL, Spring B, Coups EJ, Mulvaney S, Coutu MF, Ozakinci G.
Barriers and facilitators of evidence-based practice perceived by behavioural
science health professionals. Journal of Clinical Psychology. 2007;63(7):695-705.

50. Pravikoff DS, Tanner AB, Pierce ST. Readiness of U.S. nurses for
evidence-based practice. American Journal of Nursing. 2005;105(9):40-51.

51.  Madigan EA. Evidence-based practice in home healthcare. A springboard
for discussion. Home Healthcare Nurse. 1998;16(6):411-5.

82



52.  Melnyk BM. Building a case for evidence-based practice: inhalers vs.
nebulizers. Pediatric Nursing. 1999;25(1):102-3, 1.

53. Roberts ARY. Evidence-based Practice Manual: Research and Outcome
Measures in Health and Human Services. New York: Oxford University Press;
2004.

54.  Swinkels A, Albarran JW, Means RI, Mitchell T, Stewart MC. Evidence-
based practice in health and social care: where are we now? Journal
Interprofessional Care. 2002;16(4):335-47.

55.  Wallen GR, Mitchell SA, Melnyk B, Fineout-Overholt E, Miller-Davis C,
Yates J, et al. Implementing evidence-based practice: effectiveness of a structured
multifaceted mentorship programme. Journal of Advanced Nursing.
2010;66(12):2761-71.

56. Meade MO, Ely EW. Protocols to improve the care of critically ill pediatric
and adult patients. JAMA. 2002;288(20):2601-3.

57. Malone RJ, Bick D & Seers K. Protocol-Based Care Evaluation Project.
[online]. Available from: http://www.sdo.nihr.ac.uk/projdetails.php?ref=08-1405-
078. [Accessed 05/11/12].

58.  Morris AH. Treatment algorithms and protocolized care. Current Opinion
Critical Care. 2003;9(3):236-40.

59. Margolis CZ, Sokol N & Susskind O. Committee on standardization of
clinical algorithms: Proposal for clinical algorithm standards. Medical Decision
Making. 1992;12:149-54.

60.  Guidelines for clinical practice: from development to use. Washington DC:
National Academy Press; 1992.

83



61. De Bleser L, Depreitere R, De Waele K, Vanhaecht K, Vlayen J, Sermeus
W. Defining pathways. Journal Nursing Management. 2006;14(7):553-63.

62. De Luc K. Developing, implementing and evaluating care pathways in the
UK: The way to go. Birmingham: University of Birmingham, 1999.

63. Hadhorn DC. Use of algorithms in clinical practice guideline development.
Clinical Practice Guideline Development: Methodology Perspectives.
1995;9(95):93-104.

64. Duff LA, Kitson AL, Seers K, Humphris D. Clinical guidelines: an
introduction to their development and implementation. Journal of Advanced
Nursing. 1996;23(5):887-95.

65. Grimshaw J, Russell I. Achieving health gain through clinical guidelines:
Developing scientifically valid guidelines. Quality in Health Care. 1993;2(4):243-8.

66. Whittle C. Care pathways — the future's bright. Journal of Nursing
Management. 2006;14(7):503-5.

67. Swinglehurst D. Evidence-based guidelines: the theory and the practice.
Evidence-Based Healthcare and Public Health. 2005;9:308—14.

68. Casey CM, Balas MC. Use of Protocols in Older Intensive Care Unit
Patients: Is Standardization Appropriate? Advanced Critical Care Nursing.
2011;22(2):150-60.

69. Resar RK. Making noncatastrophic health care processes reliable:
Learning to walk before running in creating high-reliability organizations. Health
Serv Res. 2006;41(4 Pt 2):1677-89.

84



70.  Halpern NA, Bettes L, Greenstein R. Federal and nationwide intensive care
units and healthcare costs: 1986-1992. Critical Care Medicine. 1994;22(12):2001-
7.

71.  Lenfant C. Clinical research to clinical practice-lost in translation? NEJM.
2003;349(9):868-74.

72.  Wendon J. Critical care "normality": individualized versus protocolized care.
Critical Care Medicine. 2010;38(10 Suppl):S590-9.

73.  Girard TD, Fuchs BD, et al. Efficacy and safety of a paired sedation and
ventilator weaning protocol for mechanically ventilated patients in intensive care
(awakening and breathing controlled trial): a randomized controlled trial. Lancet.
2008;371:126-34.

74.  Nguyen HB, Steele R, et al. Implementation of a bundle of quality indicators
for early management of severe sepsis and septic shock is associated with
decreased mortality. Critical Care Medicine. 2007;35:1105-12.

75.  Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, Knoblich B, et al.
Early goal-directed therapy in the treatment of severe sepsis and septic shock.
New England Journal of Medicine. 2001;345(19):1368-77.

76.  Shapiro NI, Talmor D, et al. Implementation and outcomes of the Multiple
Urgent Sepsis Therapies (MUST) protocol. Critical Care Medicine. 2006;34:1025-
32.

77. Roffey PT. Increased use of protocols in ICU settings. Intensive Care
Medicine. 2011;37:1402.

78.  Considine J, Hood K. Emergency department management of hip fractures:
Development of an evidence-based clinical guideline by literature review and
consensus. Emergency Medicine. 2000;12(4):329-36.

85



79. Nelson EC, Ryer JC. Clinical Improvement Action Guide. Oakbrook

Terrace, lllinois: Joint Commission; 1998.

80. Berwick DM. Developing and testing changes in delivery of care. Annals of
Internal Medicine. 1998;128(8):651-6.

81. Commission J. Pocket Guide to Using Performance Improvement Tools.

Oakbrook Terrace, lllinois: Joint Commission; 1996.

82. Langley GJ, Nolan TW, Provost LP, Norman CL. The Improvement Guide:
a Practical Approach to Enhancing Organizational Performance. San Francisco:

Jossey-Bass; 1996.

83. Reinertsen JL. Physicians as Leaders in the Improvement of Health Care
Systems. Annals of Internal Medicine. 1998;128(10):833-8.

84. Chase JG, Andreassen S, Jensen K, Shaw GM. Impact of human factors
on clinical protocol performance: a proposed assessment framework and case

examples. Journal of Diabetes Science and Technology. 2008;2(3):409-16.

85.  Buonocore D. Leadership in action: creating a change in practice. AACN
Clin Issues. 2004;15(2):170-81.

86. Carayon P, Gurses AP. A human factors engineering conceptual framework
of nursing workload and patient safety in intensive care units. Intensive Critical

Care Nursing. 2005;21(5):284-301.

87.  Gurses AP, Carayon P. Performance obstacles of intensive care nurses.
Nurs Res. 2007;56(3):185-94.

86



88.  Sinuff T, Cook D, Giacomini M, Heyland D, Dodek P. Facilitating clinician
adherence to guidelines in the intensive care unit: A multicenter, qualitative study.
Critical Care Medicine. 2007;35(9):2083-9.

89. Cheng CH, Goldstein MK, Geller E, Levitt RE. The Effects of CPOE on ICU
workflow: an observational study. AMIA Annu Symp Proc. 2003:150-4.

90. Razavi R, ChanY, Afifiyan FN, Liu XJ, Wan X, Yantha J, et al. TRPV1+
sensory neurons control beta cell stress and islet inflammation in autoimmune
diabetes. Cell. 2006;127(6):1123-35.

91. Tang Z, Weavind L, Mazabob J, Thomas EJ, Chu-Weininger MY, Johnson
TR. Workflow in intensive care unit remote monitoring: A time-and-motion study.
Critical Care Medicine. 2007;35(9):2057-63.

92.  Ali NA, Mekhjian HS, Kuehn PL, Bentley TD, Kumar R, Ferketich AK, et al.
Specificity of computerized physician order entry has a significant effect on the
efficiency of workflow for critically ill patients. Critical Care Medicine.
2005;33(1):110-4 .

93. Anger KE, Szumita PM. Barriers to glucose control in the intensive care
unit. Pharmacotherapy. 2006;26(2):214-28.

94. Berenholtz SM, Dorman T, Ngo K, Pronovost PJ. Qualitative review of
intensive care unit quality indicators. Journal of Critical Care. 2002;17(1):1-12.

95.  Blonde L. Current challenges in diabetes management. Clinical
Cornerstone. 2005;7 Suppl 3:56-17.

96. McLaughlin T, Abbasi F, Lamendola C, Reaven G. Heterogeneity in the
prevalence of risk factors for cardiovascular disease and type 2 diabetes mellitus
in obese individuals: effect of differences in insulin sensitivity. Archives of Internal
Medicine. 2007;167(7):642-8.

87



97.  Osburne RC, Cook CB, Stockton L, Baird M, Harmon V, Keddo A, et al.
Improving Hyperglycemia Management in the Intensive Care Unit. The Diabetes
Educator. 2006;32(3):394-403.

98. Reason J. Managing the risks of organizational accidents. England:
Ashgate Publishing; 1997.

99. Reason J, Parker D & Free R. Bending the rules: The varieties, origins and

management of safety violations. Leiden; 1994.

100. Runciman B, Merry A, & Walton M. Safety and ethics in healthcare: A guide
to getting it right. Aldershot, England: Ashgate; 2007.

101. Carthey J, Walker S, Deelchand V, Vincent C, Griffiths WH. Breaking the
rules: understanding non-compliance with policies and guidelines. British Journal
Of Medicine. 2011;343:05283.

102. Lawton R. Not working to rule: Understanding procedural violations at work.
Safety Science. 1998;28(2):77-95.

103. Reason J, Parker D, Lawton R. Organizational controls and safety: The
varieties of rule-related behaviour. Journal of Occupational and Organizational
Psychology. 1998;71(4):289-304.

104. Amalberti R, Auroy Y, Berwick D, Barach P. Five system barriers to
achieving ultrasafe health care. Annals of Internal Medicine. 2005;142(9):756-64.

105. Bhagwanjee S & Scribante J. Editorial: National audit of critical care

resources: How long before we act? South African Journal of Critical Care.
2008;24(1):4-6.

88



106. Perrie H. Knowledge of intensive care nurses in selected care areas
commonly guided by protocols. Johannesburg: University of the Witwatersrand;
2006.

107. Manchikanti L, Abdi S, Lucas LF. Evidence synthesis and development of
guidelines in interventional pain management. Pain Physician. 2005;8(1):73-86.

108. Shekelle P, Eccles MP, Grimshaw JM, Woolf SH. When should clinical
guidelines be updated? British Journal of Medicine. 2001;323(7305):155-7.

109. Chan PK, Fischer S, Stewart TE, Hallett DC, Hynes-Gay P, Lapinsky SE, et
al. Practising evidence-based medicine: the design and implementation of a
multidisciplinary team-driven extubation protocol. Journal of Critical Care.
2001;5(6):349-54.

110. Greenhalgh T, Robert G, Macfarlane F, Bate P, Kyriakidou O. Diffusion of
innovations in service organizations: systematic review and recommendations.
Milbank Q. 2004;82(4):581-629.

111. Mitcheson J, Cowley S. Empowerment or control? An analysis of the extent
to which client participation is enabled during health visitor/client interactions using
a structured health needs assessment tool. Int J Nurs Stud. 2003;40(4):413-26.

112. Rees G, Huby G, McDade L, McKechnie L. Joint working in community
mental health teams: implementation of an integrated care pathway. Health Soc
Care Community. 2004;12(6):527-36.

113. Harrison MB, Légaré F, Graham ID, Fervers B. Adapting clinical practice
guidelines to local context and assessing barriers to their use. Canadian Medical
Association Journal. 2010;182(2):E78-E84.

114. Feder G, Eccles M, Grol R, Griffiths C, Grimshaw J. Using clinical
guidelines. British Journal of Medicine. 1999;318(7185):728-30.

89



115. Bero LA, Grilli R, Grimshaw JM, Harvey E, Oxman AD, Thomson MA.
Closing the gap between research and practice: an overview of systematic reviews
of interventions to promote the implementation of research findings. The Cochrane
Effective Practice and Organization of Care Review Group. BMJU.
1998;317(7156):465-8.

116. Freemantle N, Harvey EL, Wolf F, Grimshaw JM, Girilli R, Bero LA. Printed
educational materials: effects on professional practice and health care outcomes.
Cochrane Database Syst Rev. 2000(2):CD000172.

117. Lomas J. Medicine in context: a neglected perspective in medical
education. Acad Med. 1994;69(10 Suppl):S95-101.

118. Giriffiths C, & Feder G. Risdale L, editor. Using clinical guidelines in a
general practitioner consultation. Evidence Based Practice in Primary Health Care.
London: Churchill-Livingstone; 1998.

119. Eccles M, Freemantle N, Mason J. North of England evidence based
development project: guideline for angiotensin converting enzyme inhibitors in
primary care management of adults with symptomatic heart failure. BMJ.
1998;316(7141):1369-75.

120. Feder G, Griffiths C, Highton C, Eldridge S, Spence M, Southgate L. Do
clinical guidelines introduced with practice based education improve care of
asthmatic and diabetic patients? A randomised controlled trial in general practices
in east London. BMJ. 1995;311(7018):1473-8.

121. Oxman AD, Thomson MA, Davis DA, Haynes RB. No magic bullets: a

systematic review of 102 trials of interventions to improve professional practice.
CMAJ. 1995;153(10):1423-31.

90



122. Silagy C, Rubin G, Henderson-Smart D & Gross P. A guide to the
development, implementation and evaluation of clinical practice guidelines.
Canberra, Commonwealth of Australia: National Health and Medical Research
Council; 1998. 1-79 p.

123. Mizock BA. Alterations in fuel metabolism in critical illness: hyperglycaemia.
Best Pract Res Clin Endocrinol Metab. 2001;15(4):533-51.

124. Honiden S, Inzucchi SE. Analytic review: glucose controversies in the ICU.
J Intensive Care Med. 2011;26(3):135-50.

125. Furnary AP, Zerr KJ, Grunkemeier GL, Starr A. Continuous intravenous
insulin infusion reduces the incidence of deep sternal wound infection in diabetic
patients after cardiac surgical procedures. Ann Thorac Surg. 1999;67(2):352-60;

discussion 60-2.

126. Krinsley JS. Effect of an intensive glucose management protocol on the
mortality of critically ill adult patients. Mayo Clin Proc. 2004;79(8):992-1000.

127. Krinsley JS. Glycemic control, diabetic status and mortality in a
heterogeneous population of critically ill patients before and during the era of
intensive glycemic management: six and one-half years experience at a university-

affiliated community hospital. Semin Thorac Cardiovasc Surg. 2006;18(4):317-25.

128. Furnary AP, Gao G, Grunkemeier GL, Wu Y, Zerr KJ, Bookin SO, et al.
Continuous insulin infusion reduces mortality in patients with diabetes undergoing

coronary artery bypass grafting. J Thorac Cardiovasc Surg. 2003;125(5):1007-21.

129. Lazar HL, Chipkin SR, Fitzgerald CA, Bao Y, Cabral H, Apstein CS. Tight
glycemic control in diabetic coronary artery bypass graft patients improves
perioperative outcomes and decreases recurrent ischemic events. Circulation.
2004;109(12):1497-502.

91



130. American College of Endocrinology and American Diabetes Association
Consensus statement on inpatient diabetes and glycemic control. Diabetes Care.
2006;29(8):1955-62.

131. Antman EM, Anbe DT, Armstrong PW, Bates ER, Green LA, Hand M, et al.
ACC/AHA guidelines for the management of patients with ST-elevation myocardial
infarction. Circulation. 2004;110(5):588-636.

132. Dellinger RP, Carlet JM, Masur H, Gerlach H, Calandra T, Cohen J, et al.
Surviving Sepsis Campaign guidelines for management of severe sepsis and
septic shock. Crit Care Med. 2004;32(3):858-73.

133. Garber AJ, Moghissi ES, Bransome ED, Jr., Clark NG, Clement S, Cobin
RH, et al. American College of Endocrinology position statement on inpatient
diabetes and metabolic control. Endocr Pract. 2004;10(1):77-82.

134. Arabi YM, Dabbagh OC, Tamim HM, Al-Shimemeri AA, Memish ZA,
Haddad SH, et al. Intensive versus conventional insulin therapy: a randomized
controlled trial in medical and surgical critically ill patients. Critical Care Medicine.
2008;36(12):3190-7.

135. De La Rosa Gdel C, Donado JH, Restrepo AH, Quintero AM, Gonzalez LG,
Saldarriaga NE, et al. Strict glycaemic control in patients hospitalised in a mixed
medical and surgical intensive care unit: a randomised clinical trial. Critical Care.
2008;12(5):R120.

136. Griesdale DE, de Souza RJ, Van Dam RM, Heyland DK, Cook DJ, Malhotra
A, et al. Intensive insulin therapy and mortality among critically ill patients: a meta-

analysis including NICE-SUGAR study data. CMAJ. 2009;180(8):821-7.

137. Wiener RS, Wiener DC, Larson RJ. Benefits and risks of tight glucose
control in critically ill adults: a meta-analysis. JAMA. 2008;300(8):933-44.

92



138. Moghissi ES, Korytkowski MT, DiNardo M, Einhorn D, Hellman R, Hirsch
IB, et al. American Association of Clinical Endocrinologists and American Diabetes
Association consensus statement on inpatient glycemic control. Endocr Pract.
2009;15(4):353-69.

139. Duska F, Andel M. Intensive blood glucose control in acute and prolonged
critical iliness: endogenous secretion contributes more to plasma insulin than

exogenous insulin infusion. Metabolism. 2008;57(5):669-71.

140. Flores EA, Istfan N, Pomposelli JJ, Blackburn GL, Bistrian BR. Effect of
interleukin-1 and tumor necrosis factor/cachectin on glucose turnover in the rat.
Metabolism. 1990;39(7):738-43.

141. Khani S, Tayek JA. Cortisol increases gluconeogenesis in humans: its role
in the metabolic syndrome. Clin Sci (Lond). 2001;101(6):739-47.

142. Lang CH, Dobrescu C, Bagby GJ. Tumor necrosis factor impairs insulin
action on peripheral glucose disposal and hepatic glucose output. Endocrinology.
1992;130(1):43-52.

143. Rodnick KJ, Piper RC, Slot JW, James DE. Interaction of insulin and
exercise on glucose transport in muscle. Diabetes care. 1992;15(11):1679-89.

144. Virkamaki A, Yki-Jarvinen H. Mechanisms of insulin resistance during acute
endotoxemia. Endocrinology. 1994;134(5):2072-8.

145. Wolfe RR, Herndon DN, Jahoor F, Miyoshi H, Wolfe M. Effect of severe
burn injury on substrate cycling by glucose and fatty acids. NEJM.

1987;317(7):403-8.

146. Vanhorebeek |, De Vos R, Mesotten D, Wouters PJ, De Wolf-Peeters C,
Van den Berghe G. Protection of hepatocyte mitochondrial ultrastructure and

93



function by strict blood glucose control with insulin in critically ill patients. Lancet.
2005;365(9453):53-9.

147. Nielson CP, Hindson DA. Inhibition of polymorphonuclear leukocyte
respiratory burst by elevated glucose concentrations in vitro. Diabetes.
1989;38(8):1031-5.

148. Perner A, Nielsen SE, Rask-Madsen J. High glucose impairs superoxide
production from isolated blood neutrophils. Intensive Care Med. 2003;29(4):642-5.

149. Rassias AJ, Marrin CA, Arruda J, Whalen PK, Beach M, Yeager MP. Insulin
infusion improves neutrophil function in diabetic cardiac surgery patients. Anesth
Analg. 1999;88(5):1011-6.

150. Ling PR, Smith RJ, Bistrian BR. Hyperglycemia enhances the cytokine
production and oxidative responses to a low but not high dose of endotoxin in rats.
Crit Care Med. 2005;33(5):1084-9.

151. Iwasaki Y, Kambayashi M, Asai M, Yoshida M, Nigawara T, Hashimoto K.
High glucose alone, as well as in combination with proinflammatory cytokines,
stimulates nuclear factor kappa-B-mediated transcription in hepatocytes in vitro. J
Diabetes Complications. 2007;21(1):56-62.

152. Choi SW, Benzie IF, Ma SW, Strain JJ, Hannigan BM. Acute hyperglycemia
and oxidative stress: direct cause and effect? Free Radic Biol Med.
2008;44(7):1217-31.

153. Weidig P, McMaster D, Bayraktutan U. High glucose mediates pro-oxidant
and antioxidant enzyme activities in coronary endothelial cells. Diabetes Obes
Metab. 2004;6(6):432-41.

154. West IC. Radicals and oxidative stress in diabetes. Diabetes Med.
2000;17(3):171-80.

94



155. Hagiwara S, lwasaka H, Hasegawa A, Koga H, Noguchi T. Effects of
hyperglycemia and insulin therapy on high mobility group box 1 in endotoxin-
induced acute lung injury in a rat model. Crit Care Medicine. 2008;36(8):2407-13.

156. Ramasamy R, Yan SF, Herold K, Clynes R, Schmidt AM. Receptor for
advanced glycation end products: fundamental roles in the inflammatory response:
winding the way to the pathogenesis of endothelial dysfunction and
atherosclerosis. Ann N'Y Acad Sci. 2008;1126:7-13.

157. Zhang H, Tasaka S, Shiraishi Y, Fukunaga K, Yamada W, Seki H, et al.
Role of soluble receptor for advanced glycation end products on endotoxin-
induced lung injury. American Journal of Respiratory Critical Care Medicine.
2008;178(4):356-62.

158. Liliensiek B, Weigand MA, Bierhaus A, Nicklas W, Kasper M, Hofer S, et al.
Receptor for advanced glycation end products (RAGE) regulates sepsis but not
the adaptive immune response. J Clin Invest. 2004;113(11):1641-50.

159. Uchida T, Shirasawa M, Ware LB, Kojima K, Hata Y, Makita K, et al.
Receptor for advanced glycation end-products is a marker of type | cell injury in
acute lung injury. American Journal Respiratory Critical Care Medicine.
2006;173(9):1008-15.

160. Calfee CS, Ware LB, Eisner MD, Parsons PE, Thompson BT, Wickersham
N, et al. Plasma receptor for advanced glycation end products and clinical
outcomes in acute lung injury. Thorax. 2008;63(12):1083-9.

161. Ben Salem Hachmi L, Bouguerra R, Maatki O, Smadhi H, Turki Z, Hraoui S,

et al. Hypertension and insulin treatment in type 2 diabetes. Arch Mal Coeur Vaiss.
2007;100(8):664-7.

95



162. Dandona P, Aljada A, Mohanty P, Ghanim H, Hamouda W, Assian E, et al.
Insulin inhibits intranuclear nuclear factor kappaB and stimulates lkappaB in
mononuclear cells in obese subjects: evidence for an anti-inflammatory effect? J
Clin Endocrinol Metab. 2001;86(7):3257-65.

163. Jeschke MG, Klein D, Herndon DN. Insulin treatment improves the systemic
inflammatory reaction to severe trauma. Ann Surg. 2004;239(4):553-60.

164. Krogh-Madsen R, Moller K, Dela F, Kronborg G, Jauffred S, Pedersen BK.

Effect of hyperglycemia and hyperinsulinemia on the response of IL-6, TNF-alpha,
and FFAs to low-dose endotoxemia in humans. American Journal Physiology and
Endocrinol Metab. 2004;286(5):E766-72.

165. Landin K, Tengborn L, Chmielewska J, Von Schenck H, Smith U. The acute
effect of insulin on tissue plasminogen activator and plasminogen activator
inhibitor in man. Thromb Haemost. 1991;65(2):130-3.

166. Langouche L, Vanhorebeek |, Vlasselaers D, Vander Perre S, Wouters PJ,
Skogstrand K, et al. Intensive insulin therapy protects the endothelium of critically
ill patients. J Clin Invest. 2005;115(8):2277-86.

167. Nielsen JS, Larsson A, Brix-Christensen V, Nyengaard JR, Ledet T,
Tonnesen E. Endotoxemia-induced lymphocyte apoptosis is augmented by a
hyperinsulinemic-euglycemic clamp. Anesthesiology. 2005;102(4):768-73.

168. Weekers F, Giulietti AP, Michalaki M, Coopmans W, Van Herck E, Mathieu
C, et al. Metabolic, endocrine and immune effects of stress hyperglycemia in a
rabbit model of prolonged critical illness. Endocrinology. 2003;144(12):5329-38.

169. Kanji S, Buffie J, Hutton B, Bunting PS, Singh A, McDonald K, et al.

Reliability of point-of-care testing for glucose measurement in critically ill adults.
Critical Care Medicine. 2005;33(12):2778-85.

96



170. Critchell CD, Savarese V, Callahan A, Aboud C, Jabbour S, Marik P.
Accuracy of bedside capillary blood glucose measurements in critically ill patients.
Intensive Care Medicine. 2007;33(12):2079-84.

171. Finkielman JD, Oyen LJ, Afessa B. Agreement between bedside blood and
plasma glucose measurement in the ICU setting. Chest. 2005;127(5):1749-51.

172. Kulkarni A, Saxena M, Price G, O'Leary MJ, Jacques T, Myburgh JA.
Analysis of blood glucose measurements using capillary and arterial blood
samples in intensive care patients. Intensive Care Med. 2005;31(1):142-5.

173. Fahy BG, Coursin DB. Critical glucose control: the devil is in the detalils.
Mayo Clin Proc. 2008;83(4):394-7.

174. Surviving Sepsis Campaign. Surviving Sepsis Campaign (SSC) Guidelines.
[online]. Available from

http://www.survivingsepsis.org/About the Campaign/Documents/SSC%20Statem
ent%200n%20Glucose%20Control%in%20Severe%20Sepsis.pdf. [Accessed
5/11/2012].

175. Zerr KJ, Furnary AP, Grunkemeier GL, Bookin S, Kanhere V, Starr A.
Glucose control lowers the risk of wound infection in diabetics after open heart
operations. Annals Thoracic Surg. 1997;63(2):356-61.

176. Paruk F, Richards G, Mer M, Levy B. Nesibopho Best Practice Guidelines
On Glycaemic Control In ICU. Bhagwanjee S, editor. Nesibopho Healthcare (Pty)
Ltd, Critical Care society of South Africa (CSSA); 2007.

177. Loh-Trivedi M, Croley WC. Safe utilization of hyperglycemia management in
the ICU. Current Drug Safety. 2010;5(1):19-21.

178. Krinsley JS. Glycemic variability: a strong independent predictor of mortality
in critically ill patients. Critical Care Medicine. 2008;36(11):3008-13.

97



179. Van den Berghe G, Wouters PJ, Bouillon R, Weekers F, Verwaest C,
Schetz M, et al. Outcome benefit of intensive insulin therapy in the critically ill:
Insulin dose versus glycemic control. Critical Care Medicine. 2003;31(2):359-66.

180. Finney SJ, Zekveld C, Elia A, Evans TW. Glucose control and mortality in
critically ill patients. JAMA. 2003;290(15):2041-7.

181. Annane D, Melchior JC. Hormone replacement therapy for the critically ill.
Critical Care Med. 2003;31(2):634-5.

182. Finney SJ, Evans TW. Optimal control of glycemia among critically ill
patients. JAMA. 2004;291:1199.

183. Van den Berghe G, Bouillon R. Optimal control of glycemia among critically
ill patients. JAMA. 2004;291(10):1198-9.

184. Meijering S, Corstjens AM, Tulleken JE, Meertens JH, Zijlstra JG,
Ligtenberg JJ. Towards a feasible algorithm for tight glycaemic control in critically
ill patients: a systematic review of the literature. Critical Care Medicine.
2006;10(1):R19.

185. Intensive versus Conventional Glucose Control in Critically lll Patients. New
England Journal of Medicine. 2009;360(13):1283-97.

186. Krinsley JS, Preiser JC. Moving beyond tight glucose control to safe
effective glucose control. Critical Care Medicine. 2008;12(3):149.

187. Aragon D. Evaluation of nursing work effort and perceptions about blood

glucose testing in tight glycemic control. American Journal of Critical Care.
2006;15(4):370-7.

98



188. Perreaux J, Devos P, Preiser JC, Melot C. Impact of the implementation of
tight glucose control by intensive insulin therapy on the nursing: workload data
from the Glucontrol study. Intensive Care Medicine. 2007;33 (Suppl 2).

189. Bochicchio GV, Bochicchio KM, Lettich K, Lambert P, Herrera A, et al.
Cutting edge technology in tight glycemic control (TGC). Critical Care Medicine.
2007;34:A495.

190. Krinsley J, Zheng P, Hall D. ICU Validation of the Optiscanner, A
Continuous Glucose Monitoring Device. Critical Care Medicine. 2006;34(12):A67.

191. Yamashita K, Okabayashi T, Yokoyama T. Accuracy and reliability of
continuous blood glucose monitor in post-surgical patients. Acta

Anaesthesiologica Scandinavica. 2009;53(1):66-71.

192. Lavizzo-Mourey R and Berwick DM. Foreward: Nurses Transforming Care.
American Journal of Nursing. 2009;109(11):3.

193. Kumar R. Research methodology: A step-by-step guide for beginners. 2nd
edition: SAGE; 2005.

194. Hess DR. Retrospective studies and chart reviews. Respiratory Care.
2004;49(10):1171-4.

195. Jansen ACM, van Aalst-Cohen ES, Hutten BA. Guidelines were developed
for data collection from medical records for use in retrospective analyses. Journal
of Clinical Epidemiology. 2005;58(3):269-74.

196. De Vos AS. Research at grass roots. Pretoria: Van Schaik; 2001.

197. McVicar A. Workplace stress in nursing: a literature review. Journal of
Advanced Nursing. 2003;44(6):633-42.

99



198. Dorrian J, Lamond N, van den Heuvel C, Pincombe J, et al. A Pilot Study of
the Safety Implications of Australian Nurses' Sleep and Work Hours.
Chronobiology International. 2006;23(6):1149-63.

199. Gupta KJ, Cook TM. Accidental hypoglycaemia caused by an arterial flush
drug error: a case report and contributory causes analysis. Anaesthesia.
2013;68(11):1179-87.

200. Wong DA. It's more than human error: A systems approach to patient
safety. Spine Line. 2002:20-1.

201. Kohn LT, Corrigan JM, Donaldson MS. To Err Is Human: Building a Safer
Health System. The National Academies Press; 2000.

202. Cabana MD, Rand CS, Powe NR, et al. Why don't physicians follow clinical
practice guidelines? A framework for improvement. JAMA. 1999;282(15):1458-65.

203. American College of Endocrinology and American Diabetes Association

Consensus Statement on Inpatient Diabetes and Glycemic Control: A call to
action. Diabetes Care. 2006;29(8):1955-62.

100



Appendix A

Postgraduate Permission Letter

Faculty of Health Sciences

Medical School, 7 York Road, Parktown, 2193
Fax: (011) 717-2119

Tel: (011)717-2075/6

Reference: Ms Salamina Segole
E-mail: Salamina.segole@wits.ac.za
06 June 2012
Person No: 0108344E
PAG
Dr D Maharaj
Suit No 7
P/Bag X2
Pinegowrie
2123

South Africa

Dear Dr Maharaj

Master of Medicine (in the specialty Anaesthesia): Approval of Title

We have pleasure in advising that your proposal entitled “Evaluation of adherence to the
glucose control protocol in a cardiothoracic ICU” has been approved. Please note that any
amendments to this title have to be endorsed by the Faculty’s higher degrees committee
and formally approved.

Yours sincerely

——

Mrs Sandra Benn
Faculty Registrar
Faculty of Health Sciences

101



Appendix B

Permission from Ethics Committee

=
UNIVERSITY OF THE WITWATERSRAND, JOHANNESBURG
Division of the Deputy Registrar (Research)

HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)
R14/49 Dr Dyuti Maharaj

CLEARANCE CERTIFICATE M120109

PROJECT Evaluation of Adherence to the Glucose Control
Protocol in a Cardiothoracic ICU

INVESTIGATORS Dr Dyuti Maharaj.
DEPARTMENT Department of Anaesthesiology
DATE CONSIDERED 27/01/2012

DECISION OF THE COMMITTEE* Approved unconditionally

Unless otherwise specified this ethical clearance is valid for 5 years and may be renewed upon
application.

DATE 27/01/2012 CHAIRPERSON &%
(Professor PE Cleaton-Jones)

*Guidelines for written ‘informed consent’ attached where applicable
cc: Supervisor : Ms Helen Perrie

DECLARATION OF INVESTIGATOR(S)

To be completed in duplicate and ONE COPY returned to the Secretary at Room 10004, 10th Floor,
Senate House, University.

I/We fully understand the conditions under which I am/we are authorized to carry out the abovementioned
research and I/we guarantee to ensure compliance with these conditions. Should any departure to be
contemplated from the research procedure as approved I/we undertake to resubmit the protocol to the
Committee. I agree to a completion of a yearly progress report.

PLEASE QUOTE THE PROTOCOL NUMBER IN ALL ENQUIRIES...

102



Appendix C

Approval Letter from CEO at CMJAH

oD

Y GAUTENG PROVINCE

HEALTH
REPUBLIC OF SOUTH AFRICA

" ovERSITY
£

CHARLO'ITE MAXEKE JOHANNESBURG ACADEMIC HOSPITAL

Lo

Office of the CEO
Enquiries:

Ms. L. Mngomezulu
(011): 488-3793
(011) 488-3753

10" October 2012
Dr. Dyuti Maharaj
Registrar — Aneasthesiology Department
Charlotte Maxeke Johannesburg Academic Hospital
Dear Dr. Maharaj
RE: “evaluation of adherence to the glucose control protocol in a cardiothoracic ICU ”

Permission is granted for you to conduct the above research as described in your request provided:

1. Charlotte Maxeke Johannesburg Academic hospital will not in anyway incur or inherit costs as a
result of the said study.

2. Your study shall not disrupt services at the study sites.

3. Strict confidentiality shall be observed at all times.

4. Informed consent shall be solicited from patients participating in your study.

Please liaise with the Head of Department and Unit Manager or Sister in Charge to agree on the dates and
time that would suit all parties.

Kindly forward this office with the results of your study on completion of the research.

Yours sincerely

Dr. T.E. Selebano
Chief Executive Officer

103



Appendix D

Approval Letter from HOD of ICU at CMJAH

UNIVERSITY

OF THE
WITWATERSRAND,
JOHANNESBURG

/i

‘%vd%v

Johannesburg Hospital
+27832668378
+27114883654
Fax +27114884675
7/11/11

Ms Rosen Mhlongo

Post Graduate Research Office

Re : Permission to conduct research in the Cardiothoracic ICU at CMJAH

Dear Ms Mhlongo

Dr Dyuti Maharaj is granted permission to conduct her MMed research which will evaluate the
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APPENDIX E

DATA COLLECTION SHEET (A)

DayofICU__ Patient study number Date

06:00 Nurse No: 07:00 Nurse No: 08:00 Nurse No:
-BG -BG -BG

-Tx -Tx -Tx

-Violation Y/N -Violation Y/N -Violation Y/N

09:00 Nurse No: 10:00 Nurse No: 11:00 Nurse No:
-BG -BG -BG

-Tx -Tx -Tx

-Violation Y/N -Violation Y/N -Violation Y/N

12:00 Nurse No: 13:00 Nurse No: 14:00 Nurse No:
-BG -BG -BG

-Tx -Tx -Tx

-Violation Y/N -Violation Y/N -Violation Y/N

15:00 Nurse No: 16:00 Nurse No: 17:00 Nurse No:
-BG -BG -BG

-Tx -Tx -Tx

-Violation Y/N -Violation -Violation Y/N

Y/N

18:00 Nurse 19:00 Nurse No: 20:00 Nurse No:
-BG No: -BG -BG

-Tx -Tx -Tx

-Violation Y/N -Violation Y/N -Violation Y/N

21:00 Nurse 22:00 Nurse No: 23:00 Nurse No:
-BG No: -BG -BG

-Tx -Tx -Tx

-Violation Y/N -Violation Y/N -Violation Y/N

00:00 Nurse No: 01:00 Nurse No: 02:00 Nurse No:
-BG -BG -BG

-Tx -Tx -Tx

-Violation Y/N -Violation Y/N -Violation Y/N

03:00 Nurse No: 04:00 Nurse No: 05:00 Nurse No:
-BG -BG -BG

-Tx -Tx -Tx

-Violation Y/N -Violation Y/N -Violation Y/N
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APPENDIX F
DATA COLLECTION SHEET (B)

Nurses Demographic Data

1. Nurse research number

2. Nurse qualification

ICU trained
professional
nurse

Professional
nurse

Data not

available

Staff nurse

Auxiliary nurse

3. Years of ICU experience

Data not

available

4. Permanent/Agency staff

Data not
available

5. Permanent Day/Night staff
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APPENDIX G

INSULIN SLIDING SCALE PROTOCOL

BG (mmol/l) Rapid acting insulin (Subcutaneous)
NIL
Treat as hypoglycaemia
1. Call medical doctor.
2. Administer 25 ml of DW50

4

< 3. Recheck BG every 15 minutes until >5 mmol/l
4. Thereafter recheck BG hourly

4.1-6 ou

6.1-8 1U

8.1-12 2U

12.1-14 4U

14.1-16 6U

16.1-18 8uU

18.1-20 10U

> 20 12U and call medical doctor
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APPENDIX H

INSULIN INFUSION PROTOCOL

100 UNITS INSULIN (ACTRAPID) IN 100 mls NORMAL SALINE
THEREFORE: 1 ml = 1 unit of insulin

The aim is to keep the blood glucose level between 4 - 6 mmol/l

If at any time prior to starting the insulin infusion the blood glucose is
6.1 mmol/l or greater, repeat it one hour later. If the repeat blood glucose is still
greater than 6.1 mmol/l start the insulin infusion as per protocol.

Start the insulin infusion at 2 units per hour and repeat the dextrostix
one hour later:

NB

If blood glucose < 3 mmol/l — stop insulin infusion, give 50 mls of
50% dextrose water IV and repeat dextrostix after 15 min and again after 30
min.

If blood glucose = 3- 4 mmol/l — stop infusion and repeat dextrostix after
30 min. Restart insulin infusion if repeat dextrostix is > 8 mmol/L.

If blood glucose = 4-6 mmol/l — continue infusion and repeat dextrostix
after 2 hours.

If blood glucose = 6-8 mmol/l — increase insulin infusion by 1 unit per hour
and repeat dextrostix after 1 hour.

If blood glucose = > 8 mmol/l — increase insulin infusion by 2 units per
hour and repeat dextrostix after 1 hour.

If blood glucose is stable (i.e. 4-6 mmol/l) for longer than 12 hours on a
constant insulin infusion the dextrostix can be done 4 hourly.

Stop insulin infusion if feeds or TPN are stopped or if patient develops
intolerance for feeds. For patients who are discharged to the ward and in
whom the insulin infusion has been stopped, flush the line/port that the
insulin infusion was connected to with 5 ml N/Saline.
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