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Issues of daily ICU nursing care: safety, 
nutrition and sedation 

Jan Binnekade 



Stellingen 
bij het proefschrift: Issues of daily ICU nursing care: safety, nutrit ion and sedation 

1. Elke verpleegkundige fout kan vooraf worden bedacht. 

2. De meeste fouten blijven onzichtbaar. 

3. Er is een relatie tussen het aantal fouten en de mate van 
geprotocolleerde zorg. 

4. Voor optimale toedieningstechnieken van enterale voeding is 
meer bewijs dan voor het effect van de voeding zelf. 

5. De grootste bron van voedingscontaminatie is de patiënt zelf. 

6. In de zorg voor enterale voeding is routinematig handelen geen 
garantie voor succes. 

7. Een sedatiescore is vooral een hulpmiddel voor effectieve 
communicatie. 

8. Het uitdrukken van een Bispectral Index score op een schaal 
van 0 tot 100 suggereert een precisie die niet bestaat. 

9. De verpleegkundige discipline onderscheidt zich van die van de 
medische door het ontbreken van kennishiërarchie. 

10. Implementatie van verpleegkundig onderzoek in een 
organisatie vraagt om wetenschappelijke kwaliteiten van de 
manager. 

11 . Verplegingswetenschap legt veel uit, maar lost niets op. 
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Introduction 

Intensive care has been defined as a service for patients with potentially 
recoverable conditions who can benefit from more detailed observation 
and invasive treatment than can safely be provided in general wards or 
high-dependency areas.1 

The origin of intensive care goes back to developments in the treatment of 
vital organ failure, which started several decades ago. In the early 1950s, 
the poliomyelitis epidemic in Copenhagen led to the use of ventilation 
technology and resuscitation techniques in the clinic. These techniques 
were brought to the clinic from the operating theatre by 
anaesthesiologists in order to sustain polio victims who experienced 
respiratory failure due to paralytic seizures.2, 3 The development of 
intensive care was further stimulated by the awareness that caring for 
severely ill patients in a specific area of the hospital where various 
expertises are concentrated could be life saving and is more efficient 
compared to caring for these patients across different wards.4 

Although many things have changed since the first ICU's came into being, 
two practices in the care for critically ill patients have remained since 
then: triage by grouping patients together according to their physical 
stability, and intense observation by assigning one single nurse to one or 
at the most two patients.5 

Two main types of patients can be distinguished in intensive care. First, 
patients who are primarily admitted to the ICU for life-saving therapy 
following trauma or other acute life-threatening conditions. Secondly, 
patients whose admission is planned as part of a specific therapy (e.g. 
complex elective surgery). The care for both types of patients is mainly 
concerned with the preservation and/or support of vital organ functioning. 
The support and monitoring of vital organ functioning has brought about a 
range of technical developments. The result is a multiplication of 
therapeutic options that have become available to ICU patients. As a 
consequence the complexity of nursing care in the ICU increased rapidly 
and ongoing training of the nursing staff was required to maintain the 
appropriate level of knowledge and skills.6' 7 In order to keep the ICU 
manageable the nursing role had to expand, i.e. nurses had to adopt tasks 
that had previously been part of the physician's domain.8 Although this 
extension of nursing tasks refers mostly to practical skills and 
interventions, they are usually accompanied by a transition from 
dependent nursing role functions (the nurse completes orders written by 
the physician) to independent nursing role functions.9 Illustrative of these 
changes is the monitoring of the bedside patient-machine interactions, 
which nowadays is for the most part performed by ICU nurses. 
The nursing independence, however, is often wrongly interpreted as 
nursing autonomy. Autonomy refers to a self-directing attitude, especially 
with regard to clinical decision-making, and self-reflecting judgement of 
own performance. 
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Fact is that ICU nurses have mainly and uncritically relied on experiential 
knowledge gained through their interactions with nursing colleagues, 
medical staff and patients to improve their care.10 Their increased 
independence has not led to an increased autonomy regarding their 
profession. Probably the only thing that has happened is that nursing care 
has become more opaque for other disciplines. 
The emergence of the evidence-based practice (EBP) in the past ten years 
and its gradual (but very slow) adaptation into the nursing field has 
brought about some sense for the need to develop a critical attitude 
towards the results of nursing care.11 In nursing, the adaptation of EBP is 
limited to the so-called 'regulatory EBP', i.e. the use of research-based 
principles for the production of clinical guidelines that are meant to 
rationalise clinical care. A formative element of this 'regulatory' approach 
is the emphasis on (clinical) epidemiology as a prerequisite to answer 
structured questions. But epidemiology seems the absolute opposite of the 
nurses' attitude, which is imbued by concepts of individual-centred care 
rather than average study results on group level. Still, statistical data are 
an important part of the nursing legacy and, as Nightingale has 
demonstrated, provide an organised strategy for learning from 
experience.12 

The recognition of the necessity to improve ICU nursing care by reducing 
variability in nursing care performance confronted us with an abundance 
of potential research questions. One of the first things to consider is 
safety. 
The overall prerequisite of ICU nursing care is to guarantee the patient's 
safety. Blaming the fallible nurse in case of accidents, is natural, 
emotionally satisfying and legally convenient, but in most cases not 
justif ied. If we observe a nurse acting in an odd or unsatisfactory fashion, 
we are automatically inclined to view this person as careless, incompetent 
or reckless. But if we ask this nurse why she was acting in that fashion 
she would almost certainly emphasise the complex situational aspects that 
forced her to do what she did. 
The complexity of a system is known to be an important predictor of 
errors.13 Since the organisation and operational systems in the ICU are 
complex, this explains why the ICU is an error-prone environment. The 
complexity of intensive care is often used as an argument to justify and 
rationalise error.14 For the individual nurse it will mean that the more 
complex tasks she performs, the more errors she will make.15 

Although people presume that there is a strong linear association between 
the magnitude of a cause and its consequence, a detailed examination of 
serious adverse events reveals that the concatenation of often relatively 
banal factors, which are hardly significant in themselves, can be 
devastating in their combination or interaction.16 The lesson learned here 
is that accidents are the products of a number of subsequent failures until 
the last nurse at the sharp end of the system makes the final mistake or 
protocol violation that makes the consequences visible. 
A powerful way to improve patient safety is to learn from the mistakes we 
make and the adverse events that occur. 

4 



Although a variety of registration tools to capture adverse events have 
been widely implemented in health care they are known to fail in their 
results. In this thesis an alternative method to assess the safety of ICU 
nursing care is presented. The occurrence of apparent deviations from 
formal nursing care was the basis for measurement of patient safety. 
In order to reduce variability in nursing care performance, we prioritised 
other potential research questions (besides patient's safety) according to 
the following criteria. First the variability of care should be substantial, 
and, second, there are (hardly) no evidence-based interventions or 
solutions available to minimize this variation. 

When we combine both criteria (variability and evidence), a simple outline 
of prioritising research topics appear (Table 1). 

Table 1) Simple criterion to prioritise objectives for nursing research 

Variation in Evidence- What to do 
practice based 

care 

Present Present 

Present 

Absent 

Absent 

Absent 

Present 

Absent 

a) More work is needed to implement; refresher 
course 

b) First priority for research* 

c) Standard evaluation of care (quality control) 

d) Can wait, low priority (outdated protocols) 

* A further selection must be made based on the amount of risk that is involved 
in the daily nursing care in terms of patient outcomes. 

Unfortunately most ICU nursing care is subjected to large variations in 
performance and lacks a clear basis of evidence. Therefore, we added 
another criterion to prioritise nursing research topics namely: the direct 
nursing contribution to patients' health outcomes and failure of nursing 
care mostly remains unnoticed. According to this framework, two topics 
emerge: enteral nutrition and sedation. 
Before our nutrition studies started, it was already known that a poor 
nutritional status in ICU patients could compromise gut barrier function, 
prolong ventilator dependency, and increase morbidity and mortality.18 ,19 , 

20 Moreover, patients who are undernourished or at risk of malnutrition 
stay longer in the ICU and have a significantly higher incidence of 
complications.20,21 

With this knowledge in mind, we investigated the optimal and safe 
delivery of nutrition. Because we sought for ways to improve feeding 
intake in our ICU patients we found that the use of large feeding 
containers with a prolonged hang-time was associated with improved 
intake of enteral feeding. However there was no evidence that this 
practice was safe in terms of bacterial contamination of enteral nutrition. 
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The last topic of this thesis, ICU sedation practice, shares the same 
features as nutrit ion: the responsibility for the success of outcomes lies 
mainly in the hands of nurses and the failure of care mostly remains 
unnoticed. A large variation is visible in the daily practice in the manner in 
which nurses manage the sedation level, which leads to oversedation and 
a prolonged ICU stay.2 2 , 2 3 , 2 4 The lack of an effective intervention and the 
visible failure of the sedation practice therefore led to two studies 
presented in this thesis. 

Structure of the thesis 

In this thesis, patient safety, nutrition and sedation are discussed in three 
different parts. 

Part 1: Measuring the quality of intensive nursing care. 
Safety is a largely unknown factor in ICU nursing care since physicians 
and nurses do not report incidents that are a (potential) threat to patient 
safety.25, 26 In the ICU, incidents can rapidly deteriorate a patient's 
condition but are mostly difficult to distinguish from the symptoms that 
occur because of the unstable conditions of these patients. Moreover, 
besides the confusing mix of symptoms and incidents most negative 
effects will only become visible after a longer period of time, when the 
relation with any incident will already be forgotten. In this thesis we report 
the development and use of an objective method to quantify patient 
safety. 

Chapter 2 introduces a new model to measure quality of care in the ICU: 
the Critical Nursing Situation Index (CNSI). In this chapter the 
backgrounds of the CNSI are given and the instrument is explained. A 
quantitative expression of quality of care, based on elements of patient 
safety is presented. In Chapter 3 we present a study that examines the 
feasibility, reliability and validity of the CNSI instrument. In Chapter 4 the 
application of the CNSI as an outcome measure is presented. In view of 
the prospect of serious shortages of nursing staff we investigated whether 
the introduction of nurses without ICU experience would seriously cause a 
significant shift in the quality of ICU nursing care. 

Part 2: Reducing uncertainty and risk of the enteral feeding practice. 
Enteral nutrition has gained popularity in the ICU by its ease of use and 
low costs compared to total parenteral nutrition. However, there are 
serious doubts about the actual intake of enteral nutrition and, 
consequently, their benefit to patients. 
In Chapter 5 the results of a one-year registration of the ICU feeding 
practice is presented and the role of predefined risk factors for sub-
optimal feeding intake are quantified. In Chapter 6 we examined the risk 
of bacterial contamination of ready-to-use 1-L feeding bottles and 
administration sets in ICU patients. Chapter 7 In addition to chapter 6 we 
examined also the bacterial safety of another 1-L alternative feeding 
container design and compared it with the standard 0.5-L feeding bottle. 
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Part 3: Improving sedation practice 
An increasing number of patients ventilated in prone position and 
requiring deep levels of sedation confronted us with our failing sedation 
management, as demonstrated by their prolonged recovery periods. 
Chapter 8 Nurses have to manage sedation depth by using clinical 
observation scales. Oversedation in this situation is a serious problem. In 
this study we present the reliability and validity of a new and simple 
observational method to measure sedation levels in ICU patients. In 
Chapter 9 The Bispectral Index (BIS) is introduced as a promising 
measure of the effects of anaesthesia and sedation on the brain. Despite 
extensive experience in the field of anaesthesia, little is known about the 
effectiveness of the BIS in the ICU. We examined the additional value of 
the BIS in conjunction with two clinical sedation scales. 
Chapter 10 (English and Dutch) presents a summary and closing remarks. 
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Introduction 

In the Netherlands, the availability of ICU-nurses is currently seriously 
threatened by a tight job market and future perspectives look even more 
worrisome. The availability of ICU-nurses is an important factor in 
maintaining an acceptable level of quality of care.1, 2i 3' 4 Unfortunately, 
many ICU's are confronted with a rapid turnover within their nursing team 
resulting in a loss of experience. In addition, working under pressure in a 
complex environment may introduce errors.5 As a result, the quality of 
care may become compromised as nurses perform and control the 
majority of tasks in direct patient care.6, 7 Under these conditions, an 
objective indicator of nursing care quality would be very useful, especially 
when this indicator is able to detect deterioration in quality before it 
becomes apparent. The difficulty of such a tool is the fact that quality 
needs to be expressed in a quantitative manner. Therefore, a new 
instrument was developed, providing quantitative measures adjustable to 
the specific working environment. 

The measurement of quality of nursing care 

Quality of care is defined as the degree to which health services for 
individuals and populations increase the likelihood of desired health 
outcomes.8 The likelihood of desired health outcomes increases when 
nurses use protocols representing good clinical practice. The "ideal nursing 
care" can be defined simply as the formal care described in standards, 
protocols and guidelines. This "ideal nursing care" is considered to be the 
goal, deviation from this standard (i.e. error) can be considered as the 
variable characteristic quantifying the quality of care. An observable error 
related to nursing behavior can be measured if this error is unequivocally 
defined. According to this line of reasoning, error is the key concept in the 
construct to measure quality of nursing care. 

Error and nursing 

An error is defined as a planned action, which fails to achieve the desired 
goal. Basic error types are planning failures, visible execution failures, or 
invisible memory failures.9,10, u 

An error is by definition unexpected and is never planned or desired. This 
in contrast to an intentional deviation from a protocol, which is considered 
to be a violation. Errors can occur in someone's mind, these can be mere 
unobservable planning failures, or observable errors once action has been 
taken. 

Errors can take place in several forms: 
1. error of omission, an appropriate step is left out in the process. For 

instance, a blood gas sample was not taken following extubation; 
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2. error of insertion, an inappropriate step is added into the process. For 
example a wedge pressure balloon is inflated while the external 
pacemaker wire is still in place via the right ventricular lumen of the 
Swan-Ganz catheter; 

3. error of repetition, an inappropriate step is added into the process that 
is normally appropriate. For instance, a drug was administered twice 
because it was not registered appropriately the first t ime; 

4. error of substitution, the appropriate step, object or time is replaced 
by an inappropriate one. For example, an incorrect drug was 
administration due to unclear handwriting. 

It is common to discuss errors in medical settings in terms of their 
consequences, especially injury or death. However, this does not provide 
information concerning the underlying cause of the error. Fortunately, in 
our clinical experience, most errors are recognized before an adverse 
event occurs. For instance, a nurse can select a wrong ampoule but 
replace it immediately with the right one. Also, safety nets or barriers are 
created in order to reduce errors for instance by using checklists, 
registration systems or double checks of medication dosage. A high 
nursing workload, however, will reduce the aforementioned corrective 
attention and evoke the bypassing of the barriers in order to gain time. 

Objectives of the instrument 

The objective was to develop an instrument to assess error and safety 
aspects of ICU-nursing performance. This instrument had to: 
1. be based on a clear construct strongly related to the quality of nursing 

care; 
2. generate an overall figure of quality based on a valid cross-section of 

direct and indirect nursing care; 
3. be reliable and sensitive for changes in quality; 
4. be capable to measure independent of the time , nurses or patients 

involved; 
5. be applicable without the active cooperation of the nurses. 

From a practical point of view we only used visible predefined 
consequences of protocol errors due to nursing activities. A meaningful 
measure is not generated by simply counting all predefined protocol 
deviations, but by prioritizing the possible deviations (i.e. possible protocol 
violations) by the degree to which reduce a patients safety. These 
selected errors were labeled 'critical nursing situations'. 'Critical' stands for 
a condition that possibly turns into an adverse event (see figure 1). 
"Nursing" depicts the domain and 'situation' describes a set of observable 
circumstances. An error is not synonymous with an adverse event or an 
accident. Similarly, an accident may occur without a preceding error. An 
accident is an unplanned, unexpected, and undesired event, usually with 
an adverse outcome. 
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We assume that there is a limited but unknown set of potential critical 
nursing situations in ICU practice. Since many of these critical nursing 
situations will become visible at some point during nursing care, a 
systematic observational approach independent from the ongoing care 
process can be used to quantify these situations. Neither the nurse nor 
the patient is the subject of the observation, only the environment of the 
patient is. This enables the nurses to remain blinded for the observed 
items in order to avoid bias. Based on these assumptions we have 
composed a Critical Nursing Situation Index (CNSI). 

Scheme 1] Model of error occurrence 

Direction of workprocess 

Observable error, i.e. deviation from protocol 

Risk estimation 

error 

error factor 

Legends 
1. Barriers to error such as hourly monitoring of vital signs and checklists 
2. A factor can change circumstances producing the opportunity for the 

sequential errors to cause an accident 
3. Risk est imat ion is based on the known relation between a visible error and 

an accident 
4. Accident that can be related to the occurrence of error will lead to preventive 

behavior or revising protocols 

The "Critical Nursing Situation Index" 

The index consists of a list of predefined errors that stem from deviations 
of ICU-nursing protocols. All unambiguous strict orders were collected 
from those standards and protocols for which the nurse was responsible 
and translated these orders into deviations of care. Each error was 
formulated into a short observational statement, describing the 
manifestation of an error. For instance, the admission protocol contains a 
directive stating that all patients transferred from other hospitals must 
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have bacterial cultures taken in order to prevent the spread of multi-
resistant bacteria. The protocol states: take standard bacterial cultures on 
admission if the patient is transferred from another hospital. This can be 
translated into a negative statement: 'No inventory of bacterial cultures 
upon transfer from another hospital is made'. In practice, this statement 
can be; true (an error occurred); false (no error occurred) or; not 
applicable as the patient was not transferred from another hospital. 
Another example: The humidifying system of the respirator is not 
functioning (is switched off)'. This observed item can be scored as; true 
(the situation is present); false (the situation is not present) or; not 
applicable because this patient is not mechanically ventilated. The risk 
associated with this error is that a patient is being ventilated with dry air, 
which can cause serious sputum thickening and subsequent atelectases. 
The index represents a cross-section of the ICU-nursing care domain.12 

The final index contains 84 descriptions of critical nursing situations in a] 
basic ICU nursing care (14 items); b] care of mechanical ventilation (20 
items); c] care of intravenous lines (10 items); d] administration of fluids 
(5 items); e] monitoring of cardiac rhythm and circulation (8 items); f] 
administration of medication (10 items); g] the care of enteral nutrition (6 
items); h] hygienic care and control of devices (11 items) (See Appendix). 
New items can be added to the database and items that are no longer of 
interest can be removed. The intention was to collect a sufficient number 
of items in order to be able to compose new forms after a study was 
completed and the items were made public for the nursing team. Each 
new series of CNSI observations would be conducted with a different set 
of observational items. 

Use and interpretation of CNSI scores 

Each selected patient is observed for all items on a CNSI-form. 
Observation is made from a small distance of the bed. During these 
observations, the nurses are neither questioned about care nor about the 
condition of the observed patient. The nurses are informed about the 
objective of the observations, but for reasons of information-bias they 
must kept unaware of the precise content of the items until the study has 
finished. It is also advisable to observe patients in random sequences and 
time periods. Consequently, it is possible that a patient is observed more 
than once, but this is irrelevant as the focus of the index is the actual 
nursing care and not the specific condition of the individual patient. 
CNSI figures can be calculated for one patient, or/and summarized for 
groups of patients observed for a limited time period. The scores are 
summarized for true items, false items, items at risk (true and false 
items) and items not applicable. The sum of the true items reflects the 
number of critical nursing situations, whereas the pooled sum of the true 
and false items determines the number of items at risk. The quotient of 
true items and items at risk is the cumulative incidence (CI). Differences 
in NSCI quality scores, for example between two different IC-units are 
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calculated by the ratio of the CI rates and can be expressed in a Relative 
Risk estimate. Risk difference (CI of group A - CI group B) will express 
the magnitude (increase or decrease) of the change. In addition, by 
means of the CNSI association between changes in nursing workload en 
quality of nursing performance can be documented.12 

Conclusion 

The advantage of the CNSI is the composition of items forming a cross-
section of ICU-nursing care for the detection of errors. Observing nursing 
care provides an estimate of the quality of care under specific 
circumstances. Raising or lowering CNSI scores from subsets of patients 
under different circumstances can provide important feedback about the 
impact of (organizational) changes. 
The CNSI is simple to use and has encouraging metric properties in which 
the assessment is closely related to direct patient care.12 The CNSI is not 
meant to judge the individual nurse but to detect weaknesses in the 
safety and quality of care of patients in the ICU. Raising or lowering CNSI 
scores from subsets of patients under different circumstances can 
therefore provide important feedback about the impact of (organizational) 
changes. The instrument can be easily adjusted to changes in the daily 
practice of the ICU and has the ability to be a tool by which we can 
continuously investigate and improve the quality of our care. 
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Abstract 

Objective 

The assessment of critical nursing situations can be a valuable tool in the 
detection of weak elements in the safety of patients and the quality of 
care in the ICU. A critical nursing situation can be defined as any 
observable situation, which deviates from good clinical practice, and which 
may potentially lead to an adverse event. The aim of our study was to 
establish the feasibility, reliability, and validity of the Critical Nursing 
Situation Index (CNSI) as a tool for assessing the safety and the quality of 
nursing in the ICU. 

Design 

We described the deviations from standards and protocols in daily ICU 
nursing care, selected those with an implicit, clear risk for the patients and 
translated them into explicitly observable items. If an item was applicable 
during observation of the ICU practice, a critical nursing situation could 
either be recorded as true or false. The reliability of the CNSI was defined 
in terms of interobserver agreement. The validity was assessed by 
exploring the relationship between the nursing time available (more or 
less than 30 minutes per patient, per hour) and the incidence of critical 
nursing situations. 

Setting 

The study was performed in the ICU of a teaching hospital (thirty IC beds) 
in which all disciplines, including cardiothoracic surgery and neurosurgery, 
were represented. 

Patients 

The CNSI was randomly applied to 83 ICU patients over a period of three 
months (200 times). 

Measurements and results 

The reliability of the index was substantial (Kappa values in the range > 
0.70 to > 0.80). In terms of validity less nursing time resulted in more 
critical situations (pooled Relative Risk 1.36; 95% confidence limits 1.11 / 
1.67). 
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Conclusion 

The CNSI is simply to use and has encouraging metric properties, whereas 
the assessments are closely related to direct patient care. Moreover, the 
CNSI provides a tool for safety assessment by monitoring potentially 
dangerous situations that are generally regarded as needing to be 
avoided. 
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Introduction 

In Intensive Care Units (ICUs), nurses perform and control the majority of 
direct patient care tasks and as such are the dominant factor in the 
triggering of adverse events.1, 2 For example, during mechanical 
ventilation, condensation from over-humidified air can pile up close to the 
connection with the endotracheal tube. The water can easily flow into a 
patient's lungs unnoticed, following slight head movements that alter the 
position of the tubing. The nurse could have prevented this adverse event 
if he or she had corrected earlier errors, e.g. if he/she had maintained the 
tube in a sloping position and had correctly tuned the humidifying device. 
Neither of these two errors alone would have caused the aspiration 
incident, but together they are responsible for the adverse event. We call 
this type of error 'critical nursing situations', which indicates that there is 
a clear risk that may develop into an adverse event. We assume that 
there is a limited but unknown set of possible critical nursing situations in 
ICU practice. And since many of these critical nursing situations will be 
visible at some point during nursing care, a systematic observational 
approach can be used to quantify these situations. 

Routine measures, such as hourly monitoring of vital signs and 
administrative procedures, enable most critical nursing situations to be 
discovered and corrected.3 If a critical nursing situation is responsible for 
an adverse event that leads to the sudden deterioration in a patient's 
condition, it is likely that a report will explain the circumstances, cause 
and possible prevention. However, deterioration in a patient's condition 
may be identified as being illness-related, in spite of the fact that a 
sequence of previously unnoticed critical nursing situations was 
responsible for the (delayed) deterioration. 
For example, the critical nursing situations may have remained unnoticed 
due to a high nursing workload or time pressure. 
The assessment of critical nursing situations can be a valuable tool in 
detecting weak elements in the safety of patients and the quality of care. 
We have therefore developed a Critical Nursing Situation Index (CNSI), a 
list of critical nursing situations related to various ICU nursing activities 
during direct patient care. We defined a critical nursing situation as any 
observable situation, which deviates from nursing standards and protocols 
that we accept as good clinical practice as adopted by the ICU team and 
which may potentially lead to an adverse event. The aim of our study was 
to establish the feasibility, reliability, and validity of the CNSI as a tool in 
the assessment of the safety and the quality of nursing in the ICU. 
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Patients and methods 

Development of the tool 
Our first step was to make an inventory of all standards and protocols, 
which where all available in electronic form. We consider standards to be 
the knowledge shared among ICU nurses at the level that is regarded 
necessary during daily patient care, while our protocols describe the 
compulsory instructions on how to perform (nursing) interventions. 
Secondly, we collected all unambiguous strict orders from those standards 
and protocols for which the nurse was responsible and translated these 
orders into deviations of care. 
Thirdly, we selected the deviations with an implicit risk for the patient and 
translated them (if possible) into explicitly observable items. We 
formulated all situations in the shortest form possible and removed those 
items that could not unambiguously be answered with either 'true' or 
'false'. 
From these items we assembled the 'Critical Nursing Situation Index' 
(CNSI), which consists of 100 items. This concept version of the index was 
evaluated by a representative selection of nursing staff. After the 
evaluation, 16 of the original 100 items were removed because of lack of 
clarity. The final index thus contained 84 descriptions of critical nursing 
situations in: a) basic ICU nursing care (14 items); b) care of mechanical 
ventilation (20 items); c) care of intravenous lines (10 items); d) 
administration of fluids (5 items); e) monitoring of cardiac rhythm and 
circulation (8 items); f) administration of medication (10 items); g) the 
care of enteral nutrition (6 items); h) hygienic care and control of devices 
(11 items) (See Appendix). Each observed item is scored as true 
(presence of a critical situation), false (absence of a critical situation), or 
not applicable. The sum of the true items reflected the number of critical 
nursing situations, whereas the sum of the true and false items together 
determined the number of items at risk. 

Data collection 
The study was carried out in the ICU (30 beds) of the Academic Medical 
Centre in Amsterdam (tertiary care, university teaching hospital, 1000 
beds). Before the start of the study, the clinical nurses were informed 
about the objective, but not about the content of the CNSI. We randomly 
scheduled ICU beds in advance for a period of three months. Some 
patients were observed more than once, but this was not considered 
important, because the focus of the Index is the actual nursing care and 
not the specific condition of the individual patient. A research nurse 
scored the CNSI items during the day shifts, based on chart review and 
direct observation. The time of observation was chosen at random, 
between 7 a.m. and 6 p.m.. The observations were made at a small 
distance from the bed and were 
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recorded on special forms. During these observations, the nurses were 
neither questioned about care nor about the condition of the observed 
patient. For all observed patients, we collected data on gender, age, 
referral specialism, length of stay in the ICU, length of stay at the time of 
CNSI observation, and the daily therapy intensity with the Therapeutic 
Intervention Score System (TISS)4 at the time of CNSI observation. The 
severity of illness upon admission was measured using the Simplified 
Acute Physiological Score (SAPS I I ) .5 

Reliability of the CNSI 
To evaluate the interobserver reliability, a second observer simultaneously 
and independently assessed a total o f ten patients for which we compared 
80 subsets of care, containing 840 CNSI items. 

Validity of the CNSI 
For the assessment of construct validity we examined the relationship 
between the availability of nursing care and the incidence of critical 
nursing situations. This was done because various publications suggest a 
clinical significant association between nursing workload and adverse 
events.1, 6"10 We hypothesised that the CNSI would show an increase in 
critical nursing situations if the level of nursing staff was reduced. The 
hourly availability of nursing care per patient was calculated as the sum of 
available nursing minutes for direct patient care divided by the number of 
minutes spent by patients in the ICU in that hour. The amount of nursing 
time available, corrected for lunchtime, coffee breaks and other regular 
activities outside the ICU, was dichotomised into more or less than 30 
minutes. This dichotomization was predefined and based on the fact that 
less than 30 minutes of available care resulted in an unfavourable IC 
nurse patient ratio of 1:2. 

Statistical analysis 
Descriptive statistics were obtained for the patient characteristics. For 
each CNSI care category the interobserver agreement was estimated 
using the Kappa coefficient (K), which expresses the proportion of 
agreement beyond chance. n Kappa values can be arbitrarily interpreted 
as: poor (K < 0), slight (0 - 0.20), fair (0.21 - 0.40), moderate (0.41 -
0.60), substantial (0.61 - 0.80), and almost perfect (0.81 - 1.00).12 

We expressed the total number of critical nursing situations in incidence 
rates per 100 items at risk. The associations between available nursing 
care and the incidence of critical nursing situations were expressed using 
pooled Relative Risk estimates (RR), adjusting for the number of 
observations per patient. If a cell in a two by two table contained a null 
value, this resulted in an infinite Relative Risk. In such cases a value of 
0.5 was added to each cell in the table for our calculations. 
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If Chi-square analysis showed heterogeneous data (p <= 0.20), we used 
the random effects model of DerSimonian and Laird.13 If there was no 
heterogeneity, we used a fixed effects model (Mantel-Haenszel risk ratio 
method).14 Statistical uncertainty was expressed in 95% confidence limits 
(CL). 

Results 

During the 3-month study period, 200 CNSI observations were made of 83 
patients (Table 1). The relatively high SAPS I I and TISS scores reflect the 
tertiary referral function of our hospital. These characteristics are 
representative of our ICU population when compared on an annual basis. 
Completion of a CNSI score form took between 5 and 10 minutes per 
patient. In addition, a couple of minutes were required to enter the 
information into the computer. 
We observed 1,644 critical incidents on 12,281 applicable iLems. The 
overall incidence was 13 critical nursing situations per 100 items at risk, 
ranging from 5 (administration of medication) to 27 (basic care) (Table 2). 
The overall interobserver agreement was almost perfect (K= 0.83). For 
monitoring cardiac rhythm and circulation (K=0.70), administration of 
medication (/C=0.72), and care of mechanical ventilation (K=0.76) the 
agreement was substantial. Basic nursing care, care of intravenous lines, 
administration of fluids, care of enteral nutrition, hygienic care and control 
of devices had almost perfect (K >0.80) scores. 
In general, the association between less available nursing time and critical 
nursing situations was statistically significant (overall pooled RR = 1.36; 
95% CL 1.11 / 1.67 (Table 3). Significant associations could be 
demonstrated for basic nursing care and administration of medication. 
Care of enteral nutrition and hygienic care and control of devices also 
tended to be associated with less available nursing time. 
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Discussion 

The Critical Nursing Situation Index was easy to apply and completion of a 
form took 10 minutes at the most. During the assessment there were no 
negative reactions from nurses or patients. The interobserver reliability of 
the outcomes was encouraging. The substantial agreement between the 
observers may be explained by the fact that we incorporated explicitly 
formulated items and scoring categories, keeping misinterpretation to a 
minimum. The use of the index does not depend on individual motivation 
or other subjective feelings about the self-reporting of errors, which also 
enhanced the reliability of the CNSI score. 
Associations between the available nursing time and the incidence of 
critical nursing situations provided support for the construct validity. Four 
of the eight nursing care categories showed an increased incidence if the 
available nursing time had been less than 30 minutes. The association 
between nursing workload and adverse events has also been suggested by 
others, but was not quantified.1' 6"10 Post-hoc analysis showed that the 
relationship between nursing time and overall number of critical incidents 
remained statistically significant after adjusting for the patient's TISS 
scores (Mantel-Haenszel pooled RR 1.25, 95% CL: 1.14/ 1.37). 
Using simple and unambiguous rules, the CNSI items were collected from 
nursing care standards and protocols. Although this formal care, as it now 
stands, is only partly evidence-based we do not feel that this is a threat to 
the validity of the CNSI because the main purpose of the item selection 
was to identify errors and the associated risks of adverse events. 
Moreover, even if a protocol is not evidence-based it does reflect the local 
perception of ideal care and will reduce inter-nurse variation and 
consequently enables critical evaluation of care. 

It may be argued that several of the CNSI items are harmless, because 
they reflect poor charting of nursing activities only. Still, each of these 
items is related to a reasoned risk. For example, the item 'no record of 
introduction central venous line' (see Appendix, number 35), if true, 
stands for the risk of missing the proper replacement date, which in our 
thirty-bedded ICU with many different doctors and nurses is a serious 
deficit of information. Moreover, if the acceptance of small deviations in 
charting becomes the norm, deviance will normalise. This can lead to the 
acceptance of additional deviations in daily routine, which will increase the 
potential for error. 
Since the index was developed and tested in one and the same ICU, the 
external validity is not clear. Because we also have to consider the large 
variation in nursing practice among different ICU's, we intend to base the 
external validity on the process by which the CNSI items are selected, 
rather than on their copied use in other ICU's. 

29 



I t would be interesting to know whether ICU nursing staff in other 
hospitals has drawn up similar indices based on this concept. Our index 
contains items that assume a patient's stay in the ICU for more than six 
days (items 38 and 39). Although the time of observation and care errors 
observed might be fixed, the time window in which they can occur varies 
and is sometimes unclear (items 54, 55, 72). This may require revision. In 
addition, the evidence of the risk of a potential injury, the probability of an 
adverse event to actually happen, and the severity of potential injury to 
the patient were not weighted in the index. However, differential 
weighting contributes relatively little, except added complexity if there are 
more than 40 items on a scale.15 

Our definition of a critical nursing situation as 'any observable deviation 
from good clinical practice, which may potentially lead to an adverse 
event' may suggest that reducing critical nursing situations and hence 
limiting the variability in individual nursing care behaviour, would by 
definition enhance the patient's safety. However, we do not believe that 
using CNSI scores to identify lower levels of performance of individual 
nurses will improve the safety or quality of care.16 The incidence of critical 
nursing situations results far more from the quality of the ICU system as a 
whole than from the qualities of the individual nurses. In other words 
'every system is perfectly designed to achieve the results it achieves'.17 In 
this view, the outcomes of the CNSI assessment on item level can lead to 
suggestions for specific adjustments of care protocols and care systems. 
Moreover, the incidence of the CNSI is a measure of the quality of nursing 
care at the level of direct patient care. A project that focuses on quality 
improvement can use the CNSI as a pre-assessment, and after 
implementation as an assessment parameter. This is obvious since most 
improvement projects will be formalised due to the introduction or 
adjustment of protocols. 

To conclude, the CNSI is simple to use and has encouraging metric 
properties, whereas the assessments are closely related to direct patient 
care. We consider the CNSI as a valuable tool in the detection of weak 
elements in the safety of patients and the quality of care in the ICU. 
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Abstract 

Objective 

The forecasted shortage of nurses specialized in intensive care (ICU 
nurses) seriously threatens the service level in the intensive care ward. 
This problem might [partly] be solved by introducing nurses without ICU 
experience who can provide basic nursing care to relieve the workload of 
the ICU nurses. This prospective controlled study was set up to determine 
whether such an introduction causes a significant shift in the quality of 
care. 

Design 

A prospective observational study was conducted to measure possible 
changes in the quality of care by examining the number of predefined 
nursing errors per patient with an observational instrument, the 'Critical 
Nursing Situation Index' (CNSI). The CNSI was randomly applied during a 
pre-assessment period, an intervention period, and a post-assessment 
period. During the intervention period, 16 full-time equivalent (FTE) 
nurses were employed with the assignment to assist the ICU nurses with 
basic care activities for 6 months. 

Setting 

The study was conducted in a 30-bed ICU at the Academic Medical Center 
in Amsterdam. 

Analysis 

The effect of the employment of nurses was expressed as the difference in 
the incidence of CNSI scores between the pre-assessment period and the 
intervention period based on the relative risk ratios. The results of the 
comparison between the pre-assessment and the post-assessment period 
were used to express the consistency of the measure. 

Results 

The researchers completed 600 CNSI observations in 256 patients on 162 
days. Overall incidence rates during the pre-assessment (13%; 
1539/12222) and post-assessment (14%; 1554/11327) period were 
comparable, whereas the intervention period showed a diminished overall 
incidence of 9% (1019/11395). The overall relative risk (95% CL) was 
0.70 (0.56/0.86), indicating a significant risk reduction during the 
intervention period. 
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Conclusion 

The employment of nurses without ICU training improved the quality of 
care. This positive effect was primarily explained by the increase in 
available nursing time. 

35 



Introduction 

The availability of sufficient specialized nurses in the ICU to meet patients' 
needs is a major factor in ensuring patient safety and quality of care.1 ,2 '3 ' 
4 It has, however, become increasingly difficult to attract certified ICU 
nurses, as the labor market has become tight. 
In the Netherlands nurses are educated on two basic levels. The first and 
lowest level is achieved after four-years of vocational training, while the 
second and highest level is achieved after four years of college 
(comparable with a Registered Nurse). First-level nurses are mostly 
employed in nursing homes while second-level nurses generally work in 
hospitals. Employment at the ICU requires additional two-year in-service 
training for the second level nurses. In order to become ICU-certified 
these ICU-trainees need to follow a total of 55 days of theory lessons and 
guided practice. 
With the current decrease in ICU-certified nurses, the management of the 
ICU department has considered changing the nursing organization by 
employing second-level nurses (further referred to as "nurses") without 
formal ICU training along with ICU-certified nurses (further referred to as 
"ICU- nurses") and ICU-trainees to secure the continuity of patient care. 
One of the consequences of this practice, however, is an overall dilution of 
specialized care, which could threaten the safety of the care provided by 
ICU nurses. It was therefore decided to investigate the effects of the 
employment of nurses in addition to the existing number of ICU nurses in 
a prospective study. The objective of this study was to determine whether 
the employment of nurses without ICU training would cause a significant 
change in the quality of ICU nursing care. 

Methods 

Setting and sample 
The study was conducted in the thirty-bed ICU of the Academic Medical 
Center in Amsterdam, a tertiary care university teaching hospital with 
1000 beds. During the study period the ICU was staffed with 90 full-time 
equivalent (FTE) ICU nurses and 36 ICU-trainees. In addition, 16 FTE 
nurses were employed to assist the ICU nurse for a period of six months. 
Their tasks were predefined in job descriptions that focused on providing 
basic physical and nutritional care and on assisting the ICU nurses. The 
ICU nurses supervised and had direct responsibility for the "nurses" 
providing assistive care. 

Design and procedure 
A prospective observational study was designed using the Critical Nursing 
Situation Index (CNSI), which expresses the quality of intensive care 
nursing by assessing the incidence rates of predefined observable nursing 
errors.5 A critical nursing situation is defined as any observable situation 
that deviates from nursing standards and protocols, which are accepted as 
good clinical practice (partly evidence based and partly consensus by the 
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institution) and have been adopted by the ICU team, and [that] may 
potentially lead to an adverse event.5 The CNSI contains 84 observable 
situations, subdivided into eight sets of items related to: 1) basic ICU 
nursing care (14 items), 2) care of mechanical ventilation (20 items), 3) 
care of intravenous lines (10 items), 4) administration of fluids (5 items), 
5) monitoring of cardiac rhythm and circulation (8 items), 6) 
administration of medication (10 items), 7) care of enteral nutrition (6 
items) and 8) hygienic care and control of devices (11 items). 
During each observational period, the presence of any of these 84 items 
was scored. For example, if the item "sound alarm for heart rhythm is 
permanently switched off" (item 54) was [scored as] true, a critical 
nursing situation was considered to be present as a heart rhythm 
disturbance could occur without being noticed (Figure 1). 
The sum of true items reflected the number of critical nursing situations, 
whereas the combined sum of true and false items determined the 
number of items at risk. 

Figure 1 ) Example of CNSI- i tems: Cardiac rhythm and circulation 
( i tems 5 0 - 5 7 ) 

No routine ECG made on admission 

Arterial blood pressure not checked against sphygmomanometric 
pressure (past 24 hours) 

No hemodynamic profile made of patient with a Swan Ganz catheter 

Incorrect monitoring of cardiac rhythm (frequency) 

Sound alarm for heart rhythm is permanently switched off 

Sound alarm for pressure curves is permanently switched off 

Alarm margins of hearth rhythm and arterial pressure not adequately 
adjusted 

Reference point and pressure device not installed at the correct height 

In a previous study by Binnekade et al (2001) the interobserver reliability 
was assessed by comparing two independent observers who 
simultaneously observed 840 items. The overall interobserver agreement 
was high (Kappa 0.83). In that study the construct validity was derived 
from the correlation between less available nursing time and critical 
nursing situations, was statistically significant (relative risk 1.36; 95% CL 
1.11 / 1.67).5 

Application of the CNSI 
The CNSI was applied during three subsequent periods: before the nurses 
were introduced, during the employment of the nurses following a three 
month introductory period, and after their employment had ended. 
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During each period, the researchers randomly applied (i.e. from random 
tables defined in advance) the CNSI 200 times. The CNSI item content 
was blinded for all nurses during the three consecutive observation 
periods. 
All observations were made by the same research nurse at a small 
distance from the ICU bed without disrupting patient care. All 84 CNSI 
items were examined and scored as either true, false or not applicable. 

Data collection 
For all observed patients data were collected on gender, age, referral 
specialty, length of stay in the ICU, length of ICU-stay at the time of CNSI 
observation, and daily therapy intensity using the Therapeutic 
Intervention Score System (TISS)6 at the time of CNSI observation. Upon 
admission the illness severity was measured using the Acute Physiology 
and Chronic Health Evaluation score (APACHE II) .7 

For each day, the exact amount of time available for direct patient care 
per patient per hour was recorded. Less than 30 minutes of nursing time 
per patient per hour was equivalent to a patient-nurse ratio of 2 to l . 5 For 
instance, the presence of 3 ICU nurses and 2 nurses during a shift at an 
eight-bed fully occupied ICU unit having 70% of their time available for 
direct patient care amounts to 5 x 60 minutes x 0.70 divided by 8 
patients is 26.25 minutes of available nursing care per hour per patient. 

Analysis 
Descriptive statistics were used to ensure that differences in patient 
characteristics had no influence on CNSI scores between the three study 
periods. CNSI scores were clustered per study period and expressed as 
incidence rates per 100 items. 
Variation in nursing care quality was specified as the change in CNSI 
scores between the first and second study periods. The relative risk ratios 
of the predefined subsets of nursing care between the study period before 
and during the employment of nurses was calculated as the effect 
measure. Items were subdivided into 'chart review items' and 'observed 
items' and incidence rates were compared among the three study periods. 
The comparison of the incidence rates between the first and last 
"observation" period served as a control for the consistency of the 
measurements. 
Because patients could be included more than once during their stay in 
the ICU (but not more than once a day), relative risk (RR) was calculated 
based on strata of the frequencies of inclusion for each subset of care. 
Subsequently, pooled relative risks were generated from these relative 
risk figures for each subset of care. Whenever a cell in one of the 
frequency strata appeared without a CNSI score, a value of 0.5 was added 
to each cell in the two-by-two table for calculation purposes. Whenever 
Chi-square analysis showed heterogeneous data (p <= 0.20), the random 
effects model of DerSimonian and Laird as described by the research 
group of Ioannidis was used.8 If there was no heterogeneity, the fixed 
effects model (Mantel-Haenszel risk ratio method) was used.9 Statistical 
uncertainty was expressed in 95% confidence limits (Table 2). 
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Results 

During the three study periods, 600 CNSI observation lists of 256 patients 
were completed. The patient characteristics were comparable among the 
three study periods (Table 1). During the entire study period the CNSI 
was measured on 162 days. Sixty percent (155/256) of all patients was 
assessed once during their ICU stay. The overall median (IQ range) 
frequency of measurements was 1 (1/3), with a minimum of 1 and a 
maximum of 13 per patient. The ratio between the number of patients 
included per medical referral specialty and the frequency of CNSI 
applications per specialization was 1 except for general surgery (ratio 
0.85), which means that, based on the number of patients included from 
this category, these patients were assessed more frequently than one 
would expect. 

A total of 50,400 items were scored during the three periods, 34,944 
(69%) of which turned out to be at risk. From those at-risk items, 4112 
were scored as a 'critical nursing situation', resulting in an overall 
incidence of 12 critical nursing situations per 100 items at risk. The overall 
incidence rate found in the pre-assessment (13; 1539/12222) and the 
post-assessment (14; 1554/11327) period was comparable, whereas the 
overall incidence rate in the intervention period diminished to 9 
(1019/11395) (Table 2). 
The incidence of CNSI items related to chart reviews was higher than the 
incidence of observed items in the pre-assessment period: 18 
(1092/6224) versus 7 (447/5998), respectively. Similar differences were 
found in the intervention period (an incidence of 13 (748/5875) for chart 
review versus 5 (271/5520) for the observed CNSI items) and in the post-
assessment period (18 (1048/5855) versus 9 (506/5472), respectively). 
The effect of the employment of nurses on the quality of care was 
calculated for all subsets of nursing care between the pre-assessment and 
the employment period of the nurses. Pooling of the subsets resulted in an 
overall RR (95% CL) of 0.70 (0.56/0.86), indicating a significant risk 
reduction during the intervention period. From those eight subsets, 
administration of fluids (5 items), cardiac rhythm and circulation (8 
items), and administration of medication (10 items) showed a statistically 
uncertain effect (Table 2). We assume that the quality of care between 
the pre-assessment and the intervention period for these three subsets [of 
care] (which represents 27%, or 23 out of 84 CNSI items) remained 
unchanged. 

The net available nursing time for ICU nurses and ICU trainees per patient 
per hour did not differ among the three study periods. The introduction of 
nurses during the intervention period significantly improved the average 
available nursing time per patient per hour (Table 3). 
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If the available nursing time was 30 minutes or less (incidence of 13 
(1551/11859)), the effect on the incidence of CNSI scores was significant 
compared to the CNSI scores if the available nursing time was more than 
30 minutes (incidence of 11 (2561/23085)). This resulted in an RR (95% 
CL) of 1.18 (1.11/1.25). 

Table 3 ) Composition of the net available nursing time per patient per hour for 
each day the CNSI was measured3 

Pre-assessment Intervention Post-assessment pb 

ICU nurses 28.9 (14) 27.2 (7) 26.8 (7) 0.56 

ICU nurses and 3 4 ( 1 4 ) 3 5 ( 9 ) 3 5 ( 8 ) 0.27 
students 

ICU nurses, 34 (14) 41.4 (8.8) 35 (8) < 0 .001* 
ICU-trainees 
and nurses 
a Mean (standard deviation) of minutes nursing t ime; b ANOVA; * Significance level p < 
0.05 

Discussion 

In the Netherlands, it has become increasingly difficult to attract certified 
ICU nurses. Shortage of qualified ICU personnel will ultimately limit the 
ICU capacity and result in more admission refusals and elective surgical 
procedure cancellations. 
Intensive Care Unit nursing teams traditionally consist of ICU nurses and 
ICU trainees. The introduction of 'more readily available' nurses who are 
able to perform basic nursing tasks without specific ICU training seems a 
simple and easy to implement solution to alleviate the shortage of ICU 
nurses. However, the addition of these nurses could result in an overall 
reduction in the performance level. Furthermore, changes in the 
composition of the ICU team could disturb the already complex 
communication structures and interdependencies among disciplines, 
resulting in unexpected and undesirable side effects. In terms of 
complexity and associated risk factors, the ICU is inherently an error-
prone environment.10 

In this study, a statistically significant decrease in the incidence of critical 
nursing situations during the period in which the additional nurses were 
present, was found. The improvement in overall nursing quality could, 
however, not be explained by the added experience or educational level of 
the nurses but was due in part to the amount of time they added to the 
availability of nursing care by ICU-trained nurses. Their presence 
generated 6 minutes of extra nursing time per hour per patient, which is 
almost 1 extra hour of care per patient per 8.5 hour shift. Although not 
quantifiable, it could also be assumed that the increased number of 
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consultations among the ICU nurses and the nurses, resulting in a higher 
awareness towards the quality of care, may have improved (decreased) 
the incidence of critical nursing situations. 
In the post-assessment period, after the temporary appointment of nurses 
had ended, both the CNSI scores and nursing times returned to pre-
assessment levels. The fact that nursing care quality could be improved by 
adding additional nursing time indicates that nursing care before and after 
the introduction of nurses was sub-optimal. This was especially true when 
the available nursing time was less than thirty minutes per patient per 
hour, as reflected by the significant increase in the relative risk. The 
importance of the fine-tuning between available nursing capacity and 
patient needs is thus demonstrated and shows it to be a major factor in 
determining the ultimate quality of care. In a previous study a similar 
relationship between the incidence rates of the CNSI and available nursing 
time was reported.5 

This seemingly explicit relationship is also supported by a publication 
concerning the relationship between ICU workload and mortality.1 In 
addition, the correlation between the size of the nursing staff or nursing 
workload and the occurrence of incidents has been suggested by other 
researchers, although not in a quantified manner.11"13,14~16 

Traditionally errors were blamed on the individual nurses themselves [17]. 
But recently there has been a growing awareness that human errors are 
more likely to originate from environmental or systemic (management and 
organizational) factors. In this view a human error has become a 
consequence rather than a cause.17 

The importance of the system approach is widely supported 17, 18, 1 9 , 2 0 , 2 1 ' 
22, 23 and has demanded new prospective, proactive tools for measuring 
nursing care quality. The CNSI provides such a novel measurement tool. I t 
is not a 'planning - monitoring - improvement' quality model24, but it 
merely probes the state of ICU nursing care quality as it is performed in 
daily practice. This probe contains a cross-section of nursing activities 
translated into criteria that are selected according to their implicit 
relationship with an increase in patients' risks. The principle of the CNSI is 
based on the measurement of observable and avoidable deviations or 
errors in nursing care, which are clearly related to an increased risk.5 I t is 
not the detailed list of CNSI items that should be copied and used by 
others, but the principle. 

In addition, critical nursing situations can be observed without having to 
interfere in the nursing process, which, because the nurses are blinded, 
does not provoke unnatural reactions that could bias the measure. Finally, 
the CNSI is applicable in a prospective study design. 
Although the nurses had been informed about the study objective, the 
random application of the CNSI in a large ICU department combined with 
the consistent blinding of the CNSI items for all bedside nurses can be 
expected to have precluded most observational biases. The consistently 
higher incidence of critical nursing situations among chart review items in 
our study suggests that nurses give priority to the actual bedside care 
rather than to charting activities. Actual bedside care as measured by the 
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observed CNSI items scored better in all three time periods except for 
three of the subsets (administration of fluids, cardiac rhythm and 
circulation, and administration of medication). 
The objective of this study was to detect relevant changes in the quality of 
ICU nursing care caused by the addition of nurses. To answer this 
question an attempt was made to measure the extent to which the quality 
of care resembled the actual bedside care [as closely as possible]. I t can 
be concluded that the employment of nurses resulted in an improvement 
of certain aspects of the quality of care and that this effect was primarily 
due to the increased availability of ICU specialty nursing time. However, 
important questions including the cost effectiveness and the optimal ratio 
between ICU nurses, ICU-trainees and nurses remain which will be the 
subject of our future research. 
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Abstract 

Background 

The purpose of this study was to evaluate the daily feeding practice of 
enterally fed ICU-patients and to study the impact of preset factors in 
reaching predefined optimal nutritional goals. 

Methods 

Feeding practice of all ICU-patients receiving enteral nutrition for at least 
48 hours were recorded during a one year-period. Actual intake is 
expressed as the percentage of the prescribed volume of formula ( a 
success is defined as > 90%). Prescribed volume (optimal intake) was 
guided by protocol but adjusted to individual patient conditions by the 
intensivist. 
The potential barriers to the success of feeding were assessed by 
multivariate analysis. 

Results 

Four-hundred-and-three eligible patients had a total of 3526 records of 
feeding days. The desired intake was successful in 52% (1842/3526) of 
feeding days. The percentage of successful feeding days increased from 
39% (124/316) on day 1 to 5 1 % (112/218) on day 5. Average ideal 
protein intake was 54% (95% CL 52/55), energy intake was 66% (95% 
CL 65/68) and volume 75% (95% CL 74/76). 
Factors impeding successful nutrition were the use of the feeding tube to 
deliver contrast, the need of prokinetic drugs, a high TISS category and 
elective admissions. 

Conclusions 

The registration revealed an unsatisfactory feeding process. Better use of 
relative successful volume intake, i.e. increasing the energy and protein 
density could enhance the nutritional yield. Factors such as an improper 
use of tubes and feeding intolerance related to failure. A meticulous 
registration of intake and interfering factors helps to uncover inadequacies 
of the ICU feeding practice. 
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Introduction 

Protein energy malnutrition is a major problem in severely ill 
hypercatabolic intensive care unit (ICU) patients. 1 Early initiation of 
enteral nutrition has proven to be beneficial, with significant positive 
effects on septic complications, and has been shown to improve the 
outcome when compared with parenteral nutrition. Enteral nutrition 
guarantees the preservation of gut mass and prevents increased gut 
permeability to bacteria and toxins. 2' 3' 4' 5 Also, the gut-associated 
lymphoid tissue is better maintained. 4 

Over the years, enteral nutrition has improved with regard to techniques, 
materials and composition, and has gained popularity because of its lower 
cost and lower rate of complications compared with parenteral nutrition. 
This is also reflected in our intensive care by an increased use of enteral 
nutrition from 16.7% of total patient days in 1992 to 53.8% in 2001, and 
a slightly decreased use of parenteral nutrition, from 19% of total patient 
days in 1992 to 14% in 2001. 
Although this large increase in enteral feeding days has to be considered 
as a step forward, these figures do not show the actual intake of energy 
and nutrients per patient, i.e. the adequacy of feeding. Despite the 
attention given to the practice of enteral nutrition by daily rounds by 
intensivists and ICU nurses, we were not adequately and accurately 
informed as to the adequacy of our feeding practice. 6 Confronted with a 
growing number of enterally fed patients we decided to develop an every
day registration, aimed at obtaining a daily and long-term overall insight 
in the volume, energy content and amount of proteins administered to 
and actually received by the patient. The objective of this study was to 
evaluate the success of enteral nutrition in our ICU and to report the 
influence of factors presumed to interfere and being part of the 
registration, to achieve an optimal nutritional intake. 

Patients and methods 

Setting 
The study was conducted in a thirty-bed ICU with access to patients of all 
specialties at the Academic Medical Center in Amsterdam, a tertiary care 
university teaching hospital with 1000 beds. 

Feeding process 
Standard feeding practice involved the continuous administration of 
enteral feeding solutions over 24 hours. Although a standard feeding 
protocol was in use (Appendix) the flow rate was often adjusted as to the 
understanding of the intensivist. 
Patients started feeding at 500 ml per day with a build-up of 500 ml per 
24 hours until the individually determined intake in terms of volume, 
proteins and calories was reached. In case of an uneventful course a 
patient would achieve an intake of 2000 ml within 5 days. However, in 
order to compensate for interruptions of feeding, the intake was targeted 
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at a 20% higher volume. Therefore, the optimal feeding target of 2000 
kcal/24 hours became 2400 kcal/24 hours after adjustment. 

Data collection 
Patients admitted to the ICU and receiving enteral nutrition for at least 48 
hours were eligible. The study duration per patient was limited to 30 days. 
In this retrospective database study we extracted the daily records of 
enterally fed patients over a period of one year. Records containing a 
single oral- or total parenteral-nutrition day or records that lacked a 
prescription of desired intake were excluded from the analysis. 
Feeding factors assumed to interfere with enteral nutrition and recorded in 
the registration were: a) type of feeding tube (gastric tube, duodenal 
tube, Percutane Endoscopic Gastrostomy [PEG], or Needle Catheter 
Jejunostomy [ N O ] ) ; b) type of formula with different energy content (100 
- 204 Kcal / 100 ml) and protein content ( 4 - 7 g/100 ml) and normal or 
predigested semi-elemental form; c) gastric retention; d) therapeutic 
interventions (mechanical ventilation, endotracheal tube in situ, 
extubation/intubation, spontaneous respiration, tracheostomy, Continuous 
Veno-Veneus Haemofiltration [CVVH], prone position, and preparation for 
CT scan) and; e) medication (lactulose, cisapride, midazolam-morphine, 
morphine, propofol, vasopressors, inotropics, and pantoprazol). 
The feeding registration was coupled to other databases to extract data on 
gender, age, length of stay and referral specialty in the ICU, the Acute 
Physiology And Chronic Health Evaluation score (APACHE II) and the 
therapy intensity using the Therapeutic Intervention Score System (TISS). 
The TISS scores were calculated per patient and subdivided into four 
categories, classifying the patients' need for ICU care: 1) < 10 points: no 
need for ICU care; 2) > 10 to < 20 points: physiologically stable condition 
with prophylactic overnight observation; 3) > 20 to < 40 points: 
physiologically stable but requiring intensive nursing and monitoring; 4) > 
40 points: unstable condition requiring intensive physician and nursing 
care n while the APACHE I I 12 was scored upon admission (within 24 
hours). APACHE I I scores could range from 0 to 71 , with higher scores 
indicating a more severe illness. 

Reliability of the registration 
As the registration had to be filled on by several staff members, its 
reliability had to be tested. An interobserver study was performed 
between two regular keepers of the registration (a dietician and an 
intensivist). Nursing charts of 42 feeding days of 14 patients (3 days per 
patient) were evaluated by three different observers and the data entered 
into the registration forms. 

Analyses 
Descriptive statistics were used to characterize patients. Successful intake 
was defined as patients receiving 90% or more of the prescribed amount 
of feeding. Differences between the prescribed amount and actually 
administered tube feeding were expressed in percentages and their 
surrounding 95 % confidence limits (95% CL). Percentage (95% CL) of 
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realized energy and protein needs was respectively based on a ideal 30 
Kcal/kg weight per patient 9 and 1.5 g protein/kg weight per patient. 10' n 

The volume, energy and protein intake were stratified by type of formula 
and arranged by type of enteral route (total of 28 strata). Patients with 
zero intake but having a feeding prescription remained in the analysis. 
Univariate analysis was performed to assess determinants of successful 
intake with regard to patient's and feeding factors. Before inclusion into 
the model the independence of these explanatory variables had to be 
determined. The most common value of the categories (referral specialty, 
type of feeding tube and type of formula) were used as reference category 
(odds ratio of 1). Each category of the predictor variable was then 
compared to the reference category for categorical variables. 
Significant variables in the univariate analysis (p < 0.10) from patient's 
and feeding factors were forced into the multivariate logistic regression 
model (enter method). 

The results of the univariate analysis were also compared for the dataset 
of the complete feeding period and a dataset of the first three feeding 
days. Important differences might show influences of a skewed duration of 
feeding. 
Statistical uncertainty was expressed in 95% confidence limits (95% CL). 
Data was analyzed in SPSS version 11.5. 

Results 

In 2001, 1479 patients were admitted to the ICU. After removing elective 
admissions with a limited stay of less than 48 hours, the crude dataset 
contained 5859 feeding days. Because the analysis was limited to 30 days 
of ICU stay, 5017 days remained. Removal of feeding days with one single 
day of oral or total parenteral nutrition and removal of patients who did 
not receive a prescription for enteral feeding resulted in 3526 days to be 
analyzed in 403 patients. 
There was a significant difference between neurosurgery and the other 
specialties for length of ICU stay. APACHE I I scores did not differ between 
medical and neurosurgery patients. Medical patients had the highest 
APACHE I I score and significantly higher than those of surgical and cardiac 
surgical patients (Table 1). 

Reliability of this registration showed an Intra Class Correlation (ICC) 
(two-way random model) of 0.98 (95% CL 0.96/0.99). 

Succes of enteral nutrition 
During the build-up phase of feeding, the number of successful feeding 
days increased from 39% (124/316) on day 1 to 5 1 % (112/218) on day 
5. At discharge from the ICU only 4% (14/371) of patients received 100 
ml/hour or more enteral nutrition (EN). Twenty-five percent (93/371) of 
patients left the ICU with an intake of 80 ml/hour while 7 1 % (264/371) of 
patients received 60 ml/hour or less. 
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Table 2) Percentage of actually delivered volume of formula (intake/prescribed). 
Percentage of realized " ideal" energy intake (30 Kcal/kg weight) and percentage 
of realized " ideal" protein intake (1.5g/kg) stratified by tube and by type of 

f o r m u l a . 

Type of formula 
(Kcal/protein) 

Standard (100/4) 

N = 1760 

Energy ' (150/6) 

N = 359 

Energy ' /Pro te i r r 

(204/7) 

N = 80 

Fiber4 (106/4 .1) 

N = 69 

Immunological 

active (100/5 .6) 

N = 441 

Semi-elemental 

(100/4) 

N = 90 

Standard/Energy + 

(125/5) 

N = 539 

Enteral route 

Gastric tube 

PEG* 

Duodenal tube 

NCJ' 

Gastric tube 

PEG* 

Duodenal tube 

NCJ' 

Gastric tube 

PEG* 

Duodenal tube 

NCJ' 

Gastric tube 

PEG* 

Duodenal tube 

NCJ' 

Gastric tube 

PEG* 

Duodenal tube 

NCJ' 

Gastric tube 

PEG* 

Duodenal tube 

NCJ : 

Gastric tube 

PEG* 

Duodenal tube 

NCJ' 

N 

1309 

11 

392 

48 

216 

-
143 

-
155 

-
99 

14 

47 

-
22 

-
333 

1 

95 

12 

14 

-
60 

16 

350 

9 

168 

12 

% successful feedingdays 

Volume3 

66 (64/68) 

87 (67/107) 

81 (79/84) 

85 (76/93) 

79 (75 /83) 

-
81 (77/86) 

-
79 (74/83) 

-
81 (76/87) 

90 (82/99) 

71 (61 /81) 

-
71 (56/86) 

-
72 (69/76) 

-
80 (74/86) 

78 (59/97) 

89 (73/105) 

-
91 (86/96) 

88 (69/106) 

82 (79/85) 

75 (50/101) 

85 (81/89) 

89 (71/107) 

Energy0 

4 7 ( 4 5 / 5 0 ) 

86 (44/128) 

7 1 ( 6 6 / 7 5 ) 

74 (64/84) 

9 5 ( 8 9 / 1 0 1 ) 

-
1 0 2 ( 9 6 / 1 0 9 ) 

-
82 (74/90) 

-
85 (76/93) 

7 0 ( 5 2 / 8 4 ) 

6 7 ( 5 6 / 7 8 ) 

-
47 (35/58) 

-
5 1 ( 4 6 / 5 5 ) 

-
73 (63/83) 

66 (48/83) 

97 (68/126) 

-
63 (54/171) 

90 (65/116) 

8 5 ( 8 1 / 8 9 ) 

7 7 ( 5 2 / 1 0 2 ) 

90 (85 /95) 

138 (110 /166 ) 

( 9 5 % CL) 

Proteinc 

3 7 ( 3 5 / 3 8 ) 

51 (33/70) 

52 (50/55) 

58 (50/66) 

78 (73/83) 

-
82 (77/86) 

-
59 (53/65) 

-
60 (54/66) 

91 (68/114) 

52 (43 /61) 

-
37 (29/45) 

-
54 (50/58) 

-
79 (70/89) 

73 (54/92) 

58 (42/74) 

-
52 (46/57) 

71 (51/90) 

68 (65/72) 

62 (42/81) 

74 (70/79) 

110 (88/133) 

* Percutanuos Endoscopic gastrostomies; ' Needle catheter jejunostomy; 
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Thirty-three patients stayed longer than 30 days in the ICU; food intake 
on discharge was therefore not analyzed. Percentage of successful intake 
and ideal energy and ideal protein calculated per type of formula and per 
type of enteral route showed an overall picture of deficiency. 

Table 1) Characteristics of ICU patients registered in 
the one-year enteral feeding practice (n = 404) 

Male patients* 

Age yearsT 

Length of stay : 

- Medical (n = 112) 

- Surgical (n = 117) 

- Cardiac surgery 
(n=122) 

- Neurosurgery (n = 53) 

APACHE I I score' 

- Medical 

- Surgical 

- Cardiac surgery 

- Neuro(surgery) 

* percentage male patients; 
:median( IQ) 

63% (256/404) 

60 (17) 

8 (5/16) 

9 (6/18) 

8 ( 5 / 1 6 ) 

7 (5/14) 

10 (6/16) 

1 8 ( 7 ) 

2 3 ( 7 ) 

17 (6 ) 

16 (5 ) 

2 0 ( 6 ) 

1 Mean(sd); 

Among the 28 strata 21 were analyzable. Ten strata showed the highest 
percentage for volume, another 10 for energy and only one for protein. In 
8 strata protein turned out to be significant less then volume while in 7 
strata protein was significant less then the percentage of energy (Table 
2). 

Factors interfering with successful administration of enteral feed 
Tube location 
The percentage of days with successful feeding was the smallest for 
gastric tubes and largest for duodenal / jejunal tubes (Table 3). The NCJ 
had significant more successful feeding days then the duodenal tube, 
difference 19% (95% CL 27/10) (Table 3). 

Gastric retention 
Patients fed by duodenal tube had the highest gastric retention, mean 
(95% CL) 558 (523/593) ml/24 hours. The mean (95% CL) gastric 
retention among patients with a gastric tube was 159 (148/170) ml/24 
hours. Thereof, a mean amount of 121 (110/132) ml gastric retention 
over a 24-hour period was discarded by the nurse instead of giving it back 
to the patient. 
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Assuming that the gastric retention among patients with a gastric tube 
contained mainly tube feeding, the delivered amount of nutrition would 
decline to a mean of 1066 (1034/1097) ml/24 hours. 
In this scenario, the removal of gastric retention fluids caused a decline in 
the percentage of successful feeding of 6% (4/10) to a 42% (1024/2455) 
success rate. Although the protocol dictated that gastric retention volumes 
of less than 200 ml/6 hours had to be given back, 34% (266/791) of 
gastric retention volumes of less than 200 ml/hour were discarded. 

Table 3 ) Days of successful intake divided by feeding route 

Enteral route Patients Days successful intake 

Gastric tube 383 49% (1188/2424) 

Duodenal tube [previous gastric t u b e ] * [116] 58% (564/979) 

Needle Catheter Jejunostomy 17 76% (78/102) 

Percutanuous Endocopic Gastrostomies 3 57% (12/21) 

Overall success of feeding intake 403 5 2 % (1842/3526) 

* All duodenal feeding tube were previously fed by gastric tube 

TISS scores 
Category 3 TISS scores were present on 66% (2349/3577) and category 4 
TISS scores on 3 1 % (1106/3577) of patient days. Among category 3 TISS 
patients the success rate of feeding (> 90% intake) was 55% 
(1285/2349) compared to a 45% (498/1106) success rate of feeding 
among category 4 patient days - a difference of 10% (95% CL 6/13). 

Multivariate analysis 
Because of significant co-linearity between mechanical ventilation and 
other variables, such as endotracheal tube, extubation, intubation, 
spontaneous respiration and tracheostomy, only mechanical ventilation 
was included in the analysis. 
A comparison of the results of the univariate analysis between the 
complete dataset and a subset of the first three feeding days did not 
reveal any important differences. 
Univariate analysis of 32 potential determinants of successful intake 
revealed 12 significant variables (p < 0.10; not presented). The 
subsequent multivariate logistics regression analysis resulted in 11 
significant variables (p < 0.05) (Table 4). 
Both the NCJ and semi-elemental formula showed the highest odds ratios 
(OR) as to successful feeding 3.32 and 3.02, respectively, both to be 
interpreted against the reference, i.e. the gastric tube and standard 
feeding formula (Table 4). 
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In addition, a gastric retention of less than 200 ml and a length of stay 
above the median was related to improved success of feeding. Of the 
remaining interventions, the administration of contrast via the tube, the 
need of prokinetic drugs, TISS and elective admission demonstrated an 
adverse effect on the success of feeding (Table 4). 

Table 4 ) Multivariate analysis of patient and feeding factors for the 
success of feeding intake (> 90% of prescribed formula), p < 0.05 

Feeding and patient factors OR* 95% C f 

Duodenal tubeT 

Needle Catheter Jejunostomy* 

Semi-elemental formula (100/4)§ 

Standard/Energy+ formula (125/5)§ 

Mechanical ventilation 

Contrast via tube to prepare for CT scan 

Gastric retention (< 200 ml / > 200 ml) 

Cisapride 

TISS category per patient day 

Elective admission 

Length of ICU stay 

* Odds ratio > 1 improved success of feeding; ' 95% Confidence 
limits; * Compared to reference gastric tube (OR of 1); § Compared to 
the reference standard feeding (OR of 1). 

Discussion 

Based on a meticulous, every-day registration of the ICU feeding practice 
we evaluated the feasibility of prescribed enteral feeding for a one-year 
period in terms. 
The prescribed nutritional volume turns out to be hardly feasible in the 
patients involved in our study. When actual intake is compared to ideal 
energy and protein needs, protein demonstrates the largest overall deficit. 
Current feeding practice (including the five day build up schedule for 
enteral nutrition) fails to provide ICU-patients with adequate nutrition. 
Other studies found comparable bad results. A prospective cohort study 
among 99 ICU-patients found that only the half of patients achieved 
tolerance of the feeding regime (90% of estimated energy for > 48 
hours). 12 

1.44 

3.32 

3.02 

1.62 

1.63 

0.34 

1.51 

0.83 

0.84 

0.81 

1.53 

1.21 

2.05 

1.75 

1.31 

1.27 

0.22 

1.29 

0.71 

0.74 

0.69 

1.28 

1.73 

5.38 

5.21 

1.99 

2.09 

0.55 

1.78 

0.96 

0.96 

0.94 

1.82 
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Better results were found in a multicenter prospective study that followed 
193 patients during 1929 patient days. An average of 76% of the 
prescribed feed was delivered to the patient. They also concluded that 
using well defined protocols significantly improved the intake. 13 

A prospective study in ICU/CCU's revealed that barely one half of the 44 
studied patients met their caloric requirements because of underordening 
by physicians and reduced delivery through frequent and inappropriate 
cessation of feeding. 14 

Another prospective study found also a low caloric intake among 51 
enterally fed ICU-patients for which 78% of the mean caloric amount 
required was prescribed and 7 1 % was actually delivered. 15 

An audit among 40 ICU-patients for which the ideal feeding target was 
calculated by the Harris Benedict equation. Patients received only 5 1 % of 
these energy requirements during the 7 day study period. 16 

A cross sectional survey among 66 responding dieticians of ICU's revealed 
that among patients receiving enteral nutrition only 58% meet their 
prescribed energy and protein needs. 17 

Although we were aware of these studies, we did not expect this until we 
performed this registration. Despite having, the disposal of an enteral 
feeding protocol and despite daily bedside consultations of the intensivist, 
nurse and dietician, only 50% of the enterally fed patients achieved a 
successful intake at the end of a five-day feeding build-up scheme. 
Although a further improvement of intake occurred as the ICU stay was 
prolonged the overall success per feeding day remained low during the 
ICU stay. Apparently, implementation of a protocol, once it has been 
disposed and accepted is difficult and needs more attention. 1 3 , 1 8 , 1 9 

The feeding with a NO resulted in odds ratios that favors this enteral 
route compared to the gastric tube. Also semi-elemental formula appeared 
to be three times better than standard formula (Table 4). Partly, this may 
have been confounded by the use of either duodenal tubes or NCJ, as the 
NCJ showed the least problems in use. Because of this and because it 
concerned a small group of patients we cannot unambiguous recommend 
semi-elemental formula although others have done so. 2 0 , 2 1 

Disordered upper gastrointestinal tract motility frequently occurs in ICU 
patients 22, yet the gastric tube remains the first and simplest choice and 
easiest way to start enteral nutrition. This does not detract from the 
significant number of patients that has to be switched to a duodenal tube 
because of persisting gastric retention. We also found that nurses tended 
to overestimate gastric retention as a risk factor and more importantly, 
violated the protocol by discarding gastric retention volume of less than 
200 mL over 6 hours. This behavior might be the result of a misplaced 
ambition to achieve safer care. Although the measurement of gastric 
retention is an important tool to guarantee safe enteral feeding, no 
difference is reported between gastric tube and duodenal tube use among 
ICU patients in terms of aspiration and nosocomial pneumonia. Moreover, 
the insignificant role of gastric retention levels of up to 250 ml has been 
repor ted . 2 3 ' 2 4 ' 2 5 ' 2 6 
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Using the feeding tube to administer contrast for a CT scan precludes the 
use of the tube for administering nutrition. In general, a high therapy 
intensity reflected by a high TISS score showed a more difficult feeding 
practice because of a more critically ill subject. This may also reflect the 
lesser priority given to the care for an optimal continuation of the feeding 
process compared to the efforts taken to support patients in need of 
ventilation and assisted circulation. 
Possibilities for improvement of nutritional intake can be achieved by 
implementing simple rules, such as limiting the interruption of enteral 
nutrition because of diagnostic or therapeutic interventions, a quick 
replacement of accidentally removed tubes, and giving back gastric 
retention of less than 250 ml. 1 4 '2 7 '2 8 

Whereas the TISS score did seem to interfere with the administration of 
enteral nutrition, the severity of illness did not. I t took a number of days 
for 50% of the patients to achieve an optimal intake, which to some 
extent may reflect the unstable physical condition of the ICU patient. This 
is also shown by the relationship between success of feeding and 
prolonged ICU stay. 
A limitation of this study is that we didn't collect or analyze a nutritional 
anamnesis or patient outcome data. We have focused on measurable 
aspects of feeding practice. It will be worthwhile to expand the continuous 
registration with the (nutritional) anamnesis of the patient. Improving the 
information load of this registration tool would also require more 
information about outcome. 
In conclusion, evaluation of feeding practice have revealed otherwise 
unnoticed, yet disappointing results. Although the registration in itself 
does not improve the feeding practice it may open the eyes to recognize 
that the patient is underfeed while being fed and that ways have to be 
found to improve feeding practice, i.e. by implementing feeding and 
gastric retention measurements protocols. 
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Abstract 

Objective 

In intensive care patients, enteral feeding requires sterile feedings 
because of infectious complications and adequate supplements to meet 
nutritional needs. Heretofore, prepacked, large-volume formula containers 
were developed, but bacterial contamination occurred in 4 % to 15%. Our 
objective was to investigate the microbial contamination rate of 1-L 
feeding bottles and newly designed administration sets over hanging times 
of 24 hrs in the intensive care unit (ICU). 

Design and Setting 

A prospective observational cohort study of patients admitted to the ICU 
of a university hospital. 

Patients 

All consecutive patients fed via a nasojejunal tube for at least 4 days. 

Measurements 

Cultures of feeding bottles, administration sets, and gastric and 
tracheobronchial aspirates at day 0, 1, 2, 4, and 7. 

Results 

A total of 4 % of feeding bottles and 74% of infusion sets contained >102 

colony forming units (CFU)/ml_. Gastric and bronchial aspirates were 
positive in 90% and 92%, respectively. Bacterial counts of feeding bottles 
were 102-105 CFU/mL, and the main bacteria isolated included 
Enterobacter cloacae, Klebsiella oxytoca, and enterococci. One third of all 
cultured bacteria in feeding bottles, administration sets, stomach, and 
lungs belonged to the Enterobacteriaceae family, which was held 
responsible for the nosocomial infections in the ICU. None of the 1-L 
feeding bottles with a hanging time of 19-24 hrs was contaminated. Only 
bottles that had to be exchanged because of need for a faster rate of 
infusion proved to be contaminated, apparently without clinical 
consequences. With time and the increasing severity of disease, the 
administration sets became contaminated at an increasingly faster rate 
and with higher bacterial counts mainly through retrograde growth of 
endogenous bacteria. The final step of bottle contamination might have 
been the bacterial transfer by nurses' hands. 
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Conclusion 

Despite an almost ideal design of the enteral nutrition delivery system, a 
4 % contamination rate of initially sterile feedings with clinically relevant 
bacteria and the fact that only manipulated systems showed bacterial 
growth are of concern. 
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Introduction 

In the intensive care unit (ICU), much attention is paid to the support of 
vital functions and to the intravascular access catheters to monitor the 
progress of patients. The use of total parenteral nutrition followed 
naturally from this approach. Now, enteral nutrition is the preferred route 
of feeding for intensive care patients, either by a nasogastric tube, 
gastrostomy, or a nasojejunal tube. 
In compromised ICU patients, a sterile microbial quality of tube feeding as 
well as the supply of nutritional requirements have to be guaranteed. 
Prepared diets, homemade or sterile, prepacked by the manufacturer are 
usually delivered in quantities of 500 ml_ and are infused within 8 hrs to 
reduce the possibility of contamination. 1 There are, however, few 
recommendations regarding the frequency of replacement of feeding 
tubes, delivery sets, and food containers. The numerous reports on 
bacterial contamination of enteral feedings 2 finally resulted in a detailed 
set of guidelines endorsed by the British Dietetic Association. 
Recommendations of microbiological limits and hanging times of nonsterile 
(4 hrs) and sterile feedings (24 hrs) were given. Sterile feedings should be 
used for patients considered to be at special risk, such as ICU patients. 3 

However, the short hanging time, the associated frequent bottle 
exchanges, and the nursing workload conflicted with the requirement to 
meet the nutritional needs of patients. 4 ' 5 

Therefore, large-volume feeding bottles were introduced, initially for use 
in general wards only. In 4 % to 15% of general ward patients, bacterial 
contamination was observed and ascribed to the design of the delivery 
system. 4"6 This observation stimulated further research, which resulted in 
an almost ideal enteral nutrition delivery system: a 1-L ready-to-use 
polypropylene feeding bottle and an administration set supplied with spike 
and screw cap, an air inlet flutter valve with a bacterial filter, a drip 
chamber, and a distal Y-port for flushing and medication. 3 '7"11 

The larger feeding volumes of 1 L conflicted with the operative policy at 
our ICU to limit the hanging time of (500 ml_) feeding bottles to a 
maximum of 8 hrs. Because we had the opportunity to obtain these newly 
developed delivery systems, we planned to perform a study in the 
exacting ICU setting. Here, severely ill patients carry a high risk of 
contamination, colonization, and infection by the disease itself and by the 
liberal use of antibiotics, gastric acid inhibitors, and immunosuppressants. 
The frequent contact with nursing and other staff member's hands (also, 
the technical support equipment and the humid and warm atmosphere) 
contributes to this risk. 2 '3 ' 12~15 Moreover, they are usually fed by a route, 
which bypasses the stomach and the antimicrobial protection of gastric 
acidity. 3 ' 1 6 ' 1 7 

The objectives of our study were as follows: a) to investigate the 
bacteriologie contamination of 1-L enteral nutrition bottles and specially 
designed delivery sets over a maximum administration time of 24 hrs in 
enterally fed ICU patients; and b) in the event of positive cultures, to 
study the route of contamination by comparing the cultures from the 
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bottles and administration sets with simultaneously obtained gastric and 
bronchial cultures. 

Patients and methods 

The study design and study setting consisted of a prospective 
observational cohort study of patients admitted to the medicosurgical ICU 
of our university hospital. All consecutive patients, aged 18 yrs and older, 
who needed intrajejunal feeding and gastric drainage because of gastric 
atony and gastric paresis and who were not in protective isolation were 
eligible for the study. A minimum of 4 days and by preference 7 days of 
enteral feeding via the originally placed feeding tube in a total number of 
50 patients was required. The study was approved by the Institutional 
Research Board and the Medical Ethical Committee. They did not consent 
to an unfed control group or to a 24-hr use instead of the operational 8-hr 
use of bottles connected to currently existing old administration sets. 
Age, gender, body weight and height, previous medical history, and the 
reason for admission were recorded. At entrance to the ICU, the severity 
of the disease was assessed by the Acute Physiology and Chronic Health 
Evaluation (APACHE) I I score. 18 The daily nursing load was estimated by 
the Therapeutic Intervention Scoring System (TISS). 19 The use of 
antibiotics and acid-reducing drugs were recorded for the study period. 

Nutrition 
Within 3-4 hrs of request, a polyurethane feeding tube (Ch 10; 1.25 m; 
outer diameter, 3.30 mm; inner diameter, 2.05 mm; Flocare, 
Nutricia/Cow and Gate, Trowbridge, UK) was placed by the same 
endoscopist (EMH M-V) at the bedside far into the jejunum, followed by a 
nasogastric sump tube in patients with large amounts of gastric retention 
fluids. A plain abdominal x-ray confirmed the correct positioning of both 
tubes, and enteral feeding (Nutrison Standard, Nutricia/Cow and Gate) 
was started immediately at a rate of 20 mL/hr for the remainder of the 
24-hr period, until the next day at 12:00 pm. At noon, the endotracheal 
tube was repositioned, and routinely, all access catheters and 
administration sets were replaced by new systems. Prefilled, ready-to-use 
1-L feeding bottles were used to administer the feeding at a rate of 40, 
60, or 85 mL/hr over 24 hr, each next step being taken at 24-hr intervals 
after the assessment of good tolerance. One administration set was used 
over 24 hr for each patient (from 12:00 pm to 12:00 pm the next day). 
When more than one bottle of 1000 ml_ was needed over 24 hr (i.e., at an 
infusion rate of >= 60 mL/hr), bottles were changed at 12:00 am and 
12:00 pm, even when not yet empty. 

The ready-to-use 1-L polypropylene feeding bottle filled with ultrahigh 
temperature sterilized nutrient feeding solution had to be decapped, and 
then a metal seal had to be pierced by the spike of the administration 
system. This system was provided with a screw cap, which when screwed 
onto the bottle, protected the connection between feeding bottle and 
infusion system from environmental pollution. The screw cap also 
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contained an air inlet flutter valve with a micropore (<0.1 u) antibacterial 
filter. Underneath the drip chamber, a flexible pump insert was present, 
which was to be mounted over an enteral feeding pump system (Flocare 
800, Nutricia/Cow and Gate). A distal Y-port at 3 cm distance of the 
connection with the feeding tube was foreseen for flushing and 
medication. 

Cultures 
In the first 25 patients, samples for baseline cultures and cultures at days 
1, 4, and 7 were taken from the bottle, the administration set, the 
stomach, and the bronchial tree. Because all baseline cultures were sterile 
in the first 25 patients and more cultures of bottles with a 24-hr hanging 
time (infusion rate <=40 mL/hr) were assumed to be necessary to assess 
the contamination risk of 24 hr hanging times, the following 25 patients 
had cultures at four sites at day 2 instead of day 0. 
Samples from the feed in the bottle were aseptically taken by puncturing 
the seal at 12:00 pm. This bottle had a maximum hanging time of 12 hrs 
in case of an infusion rate of >60 mL/hr and a more prolonged hanging 
t ime (12-24 hrs) at lower infusion rates. The single administration set 
used during the 24-hr period was replaced by a new system at 12:00 pm 
and cultured after swabbing the distal end. The enteral formula was 
allowed to pour out, and a midstream sample was taken for culture. When 
available, feeding tube tips were cultured as well. Samples of gastric fluid 
were obtained via a sterile syringe mounted on the gastric tube after 
swabbing the port. Bronchial secretions were aspirated via a no-touch 
method into a self-filling trap mounted halfway onto the suction catheter. 
All samples were immediately transported to the laboratory; after 
adequate preparation, these samples were cultured aerobically at 37°C 
(98.6°F) using blood agar, cysteine-lactose-electrolyte-deficient agar, and 
trypticase soy broth plates. These plates provided qualitative data; after 
dilution, two further cysteine-lactose-electrolyte-deficient agar plates gave 
quantitative estimates. A minimum of three most outgrowing species were 
followed quantitatively. Samples were defined as microbiologically 
contaminated in the presence of at least 102 colony forming units 
(CFU)/ml_. 3"5, 20' 21 Because the results of positive cultures were late, 
patients were not withdrawn from the study for positive cultures of the 
feeding bottle and administration set, unless there was clinical suspicion of 
tube feeding-related bacteremia or septicemia. Furthermore, based on the 
intrinsic pathogenicity index, microorganisms were classified into those 
with low pathogenicity, those with potential pathogenicity for the normal 
population and for the hospital population, and those with high 
pathogenicity. 12, 22, 23 Normal oropharyngeal flora was considered to 
include the Neisseria species (except Neisseria meningitidis), 
Streptococcus species (except Streptococcus pyogenes), lactobacilli, 
diphtheroids, and micrococci. pH values of the gastric fluid (pH-strip, 
Boehringer Mannheim, Mannheim, Germany) were recorded. 20 ,21 
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Statistical analysis 

Interim Analysis 
As soon as 25 of the planned 50 patients completed the study, an interim 
analysis was scheduled for ethical reasons. This precautionary measure 
was taken in view of the operative policy to limit the hanging time of 0.5-L 
feeding bottles to a maximum of 8 hrs. Acceptable levels of contamination 
were based on contamination rates for patients in a general ward (4% to 
15%). In the presence of 10% positive 1-L feeding bottles and if there 
was a presence of clinically significant bacteria, continuation of the study 
was considered to be unethical. 

Final Analysis 
Descriptive statistics were used to characterize patients and data in terms 
of the frequency of positive cultures. A separate analysis was performed 
to discover the route of contamination of feeding bottles and the 
administration sets. This analysis focused on concordance, the frequency 
at which a feeding bottle or administration set shared similar 
microorganisms with lungs or stomach (all >102 CFU/mL). 24 A high 
degree of concordance with stomach or lungs would suggest retrograde 
growth, i.e., endogenously, rather than contact contamination, i.e., 
exogenously. Also, the level of pathogenicity was taken into account. 
Finally, we identified the association between positive bottles and 
administration sets on the one side and the use of antibiotics or acid-
suppressing drugs, the presence of a gastric pH >4, the hanging time, and 
nursing workload (TISS) on the other. Also, factors related to feeding 
bottle cultures, study duration, and mortality were investigated. The 
associations were analyzed with the Yates'-corrected chi2 test (Fisher's 
exact test, where appropriate) and the Student's t-test in case of 
continuous data and expressed in terms of relative risks with 95% 
confidence intervals. A two-sided p of <0.05 was considered significant. In 
view of the small sample size, multivariate analysis could not be 
performed. 

Results 

Interim Analysis 
The interim analysis yielded a positive contamination rate of the feeding 
bottles of 5.4% (5/91 bottles), which is below the ethically acceptable rate 
of 10%. The cultured bacteria belonged to Klebsiella species 2, the 
Enterobacter species l, and oropharyngeal flora. 2 

Final Analysis 
Sixty-five patients (median age, 66 yrs [range, 22-83 yrs] ; 37 males and 
28 females) had to be included to obtain the required 50 patients fed 
enterally at the ICU for >4 days. Fifteen patients were excluded because 
of early arrest of feeding. 
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Of the 50 study patients (median age, 68.5 [range, 22-82 yrs] ; 28 males 
and 22 females), 38 were referred to the ICU as emergency cases; the 
remaining 12 patients were admitted after major (mainly cardiovascular) 
surgery. All but one patient received artificial ventilation, and in all but 
one patient, a gastric sump tube was present. In the short ICU stay before 
the start of the study, total parenteral nutrition was administered to 23 
patients (46%) for a median of 4 days (range, 1-15 days). Thirty-one 
patients were fed enterally for at least 7 days. Nineteen patients were 
studied for 4 days; they did not complete the 7-day period because of 
removal of the feeding tube (1 patient), death (1 patient), terminal 
condition (3 patients), transfer to the general ward (5 patients), or 
resumed oral feeding (9 patients). These 19 patients differed significantly 
from the patients studied for 7 days with respect to feeding bottle 
cultures. None of the 57 feeding bottle samples appeared contaminated in 
the group studied for 4 days, whereas 6% (7/117) of the feeding bottle 
samples were contaminated in the group studied for 7 days (Table 1). 

Table 1) Characteristics of the 50 patients entering the study 

All ICU study Patients studied Patients studied 
patients for 4 days for 7 days 

Days (N = 50) (N = 19) (N = 31) 

Positive feeding bott les% 4 (7/14) 0 (0/57) 6 (7/117) 
(n/N cultured bottles) 

APACHE II score 18 (5-41) 16 (8-34) 19 (5-41) 

TISS score 40(13-61) 42(13-56) 39(17-61) 

Mortality rate % (n/N) 30(15/50) 21(4 /19) 35(11/31) 

ICU stay before start of 3 (0-30) 3 (0-22) 4 (0-30) 
study* 

ICU stay after completion 4.5 (0-47) 2 (0-36) 5 (0-47) 

Total ICU stay 19 (5-60) 13 (5-50) 19 (8-60) 

ICU, intensive care unit; APACHE, Acute Physiology and Chronic Health 
Evaluation; TISS, Therapeutic Intervention Scoring System; * days; 
Values are given as median and ranges (in parenthesis) 

Patients studied for 4 days did not differ from those studied for 7 days in 
mortality, severity of disease (APACHE I I score) or in nursing load (TISS 
score), or in total ICU stay or in ICU stay before the start and after the 
completion of the study. 
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Cultures 
Although 784 cultures (183 from feeding bottles, 183 from administration 
sets, 209 from gastric fluids, and 209 from bronchial aspirates) were 
planned, a total of 680 cultures (87%) were actually performed. The 
difference was attributable to missing samples because of interrupted 
feeding and the administration of contrast via the feeding tube, 
prematurely emptied bottles and administration sets, failure to aspirate 
gastric contents, and cardiopulmonary instability prohibiting bronchial 
suctioning. 

io°- M?S.UL wilulJL MJLiIJL ^AÏiL 1£1Ü£A 
GC BA AS f 6 GC BA AS FB GC BA AS FB GC BA AS FS OC BA AS FB 

DayO Day1 Day2 Day 4 Day 7 

Figure 1. Top, bacterial counts, colony forming units 
(CFU)/ml_ (mean + SEM), present in positively cultured 
( > 1 0 2 CFU/mL) gastric contents (GC), bronchial aspirate 
(BA), administration sets (AS), and feeding bottles (FB) 
for the 5 sampling days of the study. Bot tom, bacterial 
counts after exclusion of oropharyngeal f lora. Numbers 
given in the x-axis indicate the number of positive 
cultures. The asterisks indicate the bacterial count of the 
one and only positive culture. 

Of the 680 cultures, 437 (64%) contained > 102 CFU/mL, and when 
cultures with >102 CFU/mL of oropharyngeal flora were excluded, 60% 
(339/567) were positive (Table 2). Feeding bottles and administration sets 
were sterile immediately after positioning. 
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Seven of the 174 (4%) feeding bottles were mainly found to be 
bacteriologically positive in six patients on the fourth day of the study 
period and all after a 12-hr hanging time. 
These six patients belonged to the 31 patients studied over 7 days. The 
enteral feed in the administration sets was sterile immediately after the 
connection to the feeding bottle (day 0) but became significantly 
contaminated by bacteria after a 24-hr hanging time. 

Table 3 ) Genus and pathogenicity of microorganisms found in 
positive cultures (>10 2 CFU/mL) of feeding bottle (FB), 
administration set (AS), gastric contents (GC), and bronchial 
aspirate (BA) 

Low pathogenicity 

Enterococci species 

Oropharyngeal flora 

Staphylococci species 

Potential pathogenicity for the normal 

Escherichia coli 

Haemophilus influenza 

Staphylococcus aureus 

Streptococcus pneumoniae 

Yeasts 

Potential pathogenic hospital acquired 

Acinobacter species 

Citrobacter species 

Eneterobacter species (mainly 
E.cloacae) 

Klebsiella species (mainly K.oxyfoca) 

Proteus species (mainly P.mirabilis) 

Pseudomonas species (mainly 
P.aerugmosa) 

Overall no. of microorganisms 

FB 

1 

3 

AS 

7 

68 

3 

population 

-

-

27 

6 

-

16 

microorganisms 

-

1 

2 

7 

-

4 

14 

30 

7 

25 

207 

GC 

5 

92 

-

24 

4 

90 

1 

3 

19 

32 

15 

28 

313 

BA 

-

96 

2 

15 

6 

9 

1 

25 

-

1 

4 

12 

4 

35 

210 

CFU, colony forming units. 

Despite daily renewal of the system, the number of contaminated 
administration sets and the bacterial counts increased over time (Table 2; 
Fig. 1). 
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Table 4 ) Microorganisms cultured from feeding bottles (CFU/mL) with the documented 
presence of a similar microorganism at other sites of sampling; also, data on body 
temperature, defecation,a and TISS scores are given. 

Patient 1 Enterobacter 
cloacae0 

Feeding bottle 
- Administration set 

Gastric contents 
Bronchial aspirate 
Body temperature (C) 
Defecation 
TISS score 

Patient 2 Klebsiella oxytoca 
Feeding bottle 
Administration set 
Gastric contents 
Bronchial aspirate 
Body temperature (C) 
Defecation 
TISS score 

Patient 3, Enterococci 
Feeding bottle 

- Administration set 
Gastric contents 
Bronchial aspirate 
Body temperature (C) 
Defecation 
TISS score 

Patient 4 , Oropharyngeal flora 
Feeding bottle 
Administrat ion set 
Gastric contents 
Bronchial aspirate 
Body temperature (C) 
Defecation 
TISS score 

Patient 5, Oropharyngeal flora 
Feeding bottle 
Administration set 
Gastric contents 
Bronchial aspirate 
Body temperature (C) 
Defecation 
TISS score 

Patient 6, Oropharyngeal flora 
Feeding bottle 
Administration set 
Gastric contents 
Bronchial aspirate 
Body temperature (C) 
Defecation 
TISS score 

0 

0 
0 
105 

104 

37.8 
0 
46 

0 
0 

-
37.8 
0 
39 

0 
0 
0 
0 
36.5 
0 
39 

0 
103 

105 

103 

37.5 
0 
33 

0 
0 
10 
103 

36.7 
0 
24 

0 
103 

103 

0 
35.6 
0 
34 

1 

0 
105 

104 

0 
38.1 
0 
46 

0 
105 

-
103 

38.5 
0 
34 

0 
10 
0 
0 
36 
0 
36 

0 
0 
106 

104 

37.5 
D 
33 

0 
103 

0 
-
36.7 
0 
31 

0 
103 

103 

103 

36.5 
0 
54 

Day of study 

4 

102 

102 

105 

0 
36.9 
N 
50 

103 

106 

106 

105 

38.6 
0 
46 

2.5*102 

105 

105 

0 
36 
0 
36 

105 

107 

103 

38.0 
0 
39 

105 

103 

104 

103 

38.9 
D 
31 

0 
105 

105 

103 

37.2 
0 
37 

7 

0 
105 

105 

103 

36.4 
D 
42 

105 

108 

39.1 
D 
35 

0 
106 

0 
37.1 
0 
33 

0 
106 

107 

103 

36.7 
0 

0 
0 
104 

0 
38.5 
D 
29 

104 

105 

104 

103 

36.0 
0 
49 

CFU, colony forming units; TISS, Therapeutic Intervention Scoring System. 
Defeacation: 0=absent; N = normal; D=diarrhea; "At day 7, Enterobacter cloacae was 
also cultured from the top of the feeding hose (103 CFU/mL). 



Samples of gastric contents and bronchial aspirates showed bacterial 
growth before the start of enteral feeding (day 0), without major changes 
throughout the study. In three patients, the tip of the feeding tube could 
be cultured. 
One sample each showed 103 CFU/mL of enterococci, Enterobacter 
cloacae, and Pseudomonas species, one showed 106 CFU/mL of Klebsiella 
oxytoca, and one showed 106 CFU/mL of commensal flora. 
In 437 positive cultures, 737 microorganisms were found belonging to 30 
different species, 82% were of bacterial and 18% of fungal origin. 
Classification of these microorganisms according to the degree of 
pathogenicity revealed the absence of highly pathogenic microorganisms 
(Table 3). 
More than 36% (188/527) of all microorganisms in the feeding bottle, 
administration set, and stomach and 17% (36/210) of bacteria present in 
the lungs belonged to the Enterobacteriaceae family, as a group 
responsible for opportunistic and nosocomial infections in the ICU. 
Data of the six patients with a contaminated feeding bottle are given in 
table 4. In three patients, potentially pathogenic microorganisms were 
present. All the contaminated bottles appeared to have been exchanged at 
midnight without replacement of the administration set and showed 
bacterial growth 12 hrs later at 12:00 pm. In every patient, a positive 
bottle culture was accompanied by a previous and/or simultaneous culture 
with the same microorganism at different places. Four patients had fever, 
one before and three simultaneously with a positive feeding bottle culture. 
Symptoms of bacteremia or septicemia were not present, and all blood 
cultures were negative. Three patients had diarrhea the same day or in 
the following days. One patient (patient 5 with oropharyngeal flora in the 
feeding solution) died from unrelated disease after the 7-day study period. 
Patients with contaminated bottles did not differ from those without 
contaminated feedings in mortality, in total ICU stay, or ICU days before, 
during, and after the study period. Also, the incidence of diarrhea in the 
study (3/6 vs. 20/39) was not different, and in the median 6-day (range, 
1-47 days) post-study period, the trend of a higher occurrence of diarrhea 
in those with contaminated feed (4/5 vs. 15/34) was not statistically 
significant. In both periods, the severity of diarrhea as reflected by the 
number of stools per day and the percentage of days with diarrhea was 
similar in the contaminated and noncontaminated groups. 

Origin of Contamination of the Tube Feeding in the Bottle and 
Administration Set. 
Concordance, defined as the frequency with which the feeding bottle or 
administration set shared similar microorganisms with bronchial aspirate 
or gastric contents, was investigated. A high degree of concordance 
suggests retrograde growth rather than contact contamination. 
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Microorganisms in stomach and feeding bottle were significantly more 
concordant (36/142; 25.4%) than bacteria in lungs and feeding bottle 
(8 /95; 8.4%; difference 16.9%; 95% confidence interval of the difference, 
7.9% to 26%). Higher, but statistically not different levels of concordance 
were noticed between administration sets and bronchial (52/95; 54.7%) 
and gastric fluids (74/142; 52.1%). 

Risks of Exposure 
Baseline data (23 bottles, 24 sets) were left out, because these served 
only to rule out the introduction of bacteria by endoscopic feeding tube 
insertion. At the time of culturing, 93 of the 151 feeding bottles had a 
hanging time of 13-24 hrs and 58 had a hanging time of 0-12 hrs. The 
majority (103/156) of the administration sets were used for a 24-hr 
period, the remainder for less extended periods. 
Increasing hanging times of feeding bottles were inversely associated with 
bottle contamination, both when considering hanging times of 0-6, 7-12, 
13-18, and 19-24 hrs and hanging times of 0-12 vs. 13-24 hrs. The mean 
hanging time of contaminated bottles (12 hrs) significantly differed from 
noncontaminated ones (18.2 hrs; p = .005). 
A gastric pH >4 at the moment of culturing was present in 64% (94/147) 
of gastric samples. Acid-suppressing drugs (H2 blocking agents, proton 
pump inhibitors) were taken during 85% (133/156) of samples. Two to 
four different antibiotics were taken at the time of culturing in 78% 
(121/156) of samples. However, the use of acid-suppressing medication 
or antibiotics was not associated with an increased number of positive 
cultures of feeding bottles and administration sets. A gastric pH of >4 
predicted a significantly higher risk of positive gastric cultures compared 
with a pH of <4 (relative risk, 1.94; 95% confidence interval, 1.51/2.50; p 
< .0001). 

The 19 patients remaining in the study for 4 days, who never had positive 
feeding bottle cultures, were compared with the 31 patients who were 
studied for 7 days and of whom six patients had contaminated bottles. 
The bacterial counts at days 0, 1, 2, and 4 in gastric juice and 
administration sets were similar, but the mean bacterial count in bronchial 
aspirates was higher in the 7-day study patients (exponential number, 3.4 
vs. 2.9; p < .05). 
Also, the 15 patients who died in the ICU did not differ from the 35 
remaining patients in regard to total enteral caloric intake, in total ICU 
stay, in ICU stay before the start of the study, and in total study duration. 
The stay at the ICU after completion of the study was shorter in dying 
patients (3.80 vs. 9.66 days; p < .03). Overall bacterial counts at days 0-
7 were not different. Site-specific cultures (i.e., bottle, set, stomach, 
lungs) only showed a significantly higher number of bacteria in the 
bronchial aspirate in ultimately dying patients (exponential number, 3.5 
vs. 3 .1 ; p < .01). The mean nursing workload assessed via the TISS 
scoring classification tended to be higher (41.0 ± 0.93) when feeding 
bottles became contaminated compared with the workload with sterile 
feeding bottles (35.8 ± 9 . 1 ; not significant). 
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Discussion 

Only a few studies have addressed the issue of bacteriologically safe 
enteral feedings in critically ill patients. 12~15 These studies were hampered 
by the absence of well-defined microbial limits for ready-to-use, 
commercially available solutions. These limits have been issued, but 
recommendations^ as to acceptable levels of contamination while feeding 
are still lacking. 3 Definitions of contamination, therefore, vary from any 
bacteria present 24 to > 102 CFU/mL 4' 5 or even up to 104 CFU/mL 8 

Some investigators used French and American standards applicable to 
grade A pasteurized milk and milk products (3 x 104 CFU/mL and 2 x 104 

microorganisms/mL, respectively). 2 5 , 2 6 We adopted the criterion of > 102 

CFU/mL according to studies that looked into colonization and infection in 
compromised patients. 27~29 Our contamination rate of 4% is comparable 
with one of 3% 4 and 8% 5 in 2-L ultrahigh temperature sterilized, 
prepacked polyvinyl chloride bags after a 12-hr hanging time. In contrast 
to a reported 15% bottle feeding contamination after a 24-hr hanging 
time n, we did not discover any positive culture when the administration 
system was not manipulated or the feeding process interrupted by the 
exchange of feeding bottles. In the above-mentioned studies, severely ill 
patients were excluded and the observation time was limited to 5 days. In 
our study, patients were very ill and the relevance of a more prolonged 
observation period was clearly demonstrated by our finding that a positive 
feeding bottle culture was established only in those patients who remained 
in the study for the complete 7 days. Therefore, probably, previously 
reported figures are an underestimation. One can speculate on the 
significance of the finding of positive cultures solely in patients with a 
completed 7-day study period. 

Patient-Related Factors 
A longer ICU stay is associated with more medications and more 
therapeutic technical equipment, a higher probability of bacterial 
colonization, and probably, a more dismal prognosis. We found a higher 
mean bacterial count in bronchial aspirates of 7-day study patients 
compared with 4-day study patients. Moreover, as time passed by, the 
bacterial spread into the administration set, which was renewed every 24 
hrs, occurred at an increasingly faster rate and a higher bacterial level. 
The introduction into the feeding bottle was late but then accompanied by 
relatively high bacterial counts. Because the administration set and 
feeding bottle are both a continuation of the nasoenteral feeding tube, 
retrograde growth of endogenously present bacteria is highly suggestive. 
This is strengthened by the findings of positive feeding bottle cultures 
harvested only from more heavily colonized patients with a 7-day ICU 
stay, a significantly higher risk of positive gastric cultures at alkaline 
gastric pH and the associated increased risk of bacteriologically 
contaminated administration sets, and finally, a significant concordance of 
microorganisms in the stomach and feeding bottles. 
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Also, the fact that all feeding bottle cultures had a preceding or a 
simultaneously positive administration set with the same bacteria is in 
support of mobile endogenously present bacteria. 5"10-30 

Nursing-Related Factors 
Less attention to sterility because of an increased workload for staff in 
more diseased patients and the almost inevitable risk of bacterial transfer 
by nurses' hands in more severely ill, extensively colonized patients 24 ,31 ' 
32 are well-known nursing-related factors, which in our study appeared to 
be weak. The mean workload was not significantly related to positive 
feeding solution cultures. However, only manipulated administration sets 
resulted in contaminated feeding bottles. Because administration sets 
became increasingly more positive with prolonged hanging times and 
faster and more heavily colonized as the number of feeding days 
progressed, this might signify that contamination was introduced at the 
exchange of feeding bottles. At that time, an already contaminated 
administration set was connected to a new 1-L bottle, and bacterial 
contamination was established 12 hrs later. Whether this was the result of 
a contaminated infusion spike or of inadequate handling at the time of the 
exchange of the bottles, enabling contaminated drip chamber contents to 
flow back into the exchanged bottle, will be the subject of another study. 
As yet, we cannot conclude from our study to what extent bacteria finally 
arrived in the feeding solution via nursing hands, via bed linen soiling, 
vomiting and coughing, or via their own mobility and, if so, whether they 
traveled from the jejunum along the inside of the feeding tube 33 or just 
along the side of the feeding tube or gastric sump tube . 8 ' 2 4 , 3 0 , 3 2 , 3 4 

The administration of contaminated feedings to patients may result in 
colonization and infection by opportunistic pathogens or in food poisoning 
because of bacterial endotoxins. In this respect, the presence of 
Enterobacteriaceae in one third of positive cultures in our study may be 
clinically relevant. Septicemia n ' 35' 36, enteral sepsis 17, diarrhea 37, and 
abdominal distention u have been ascribed to manipulation of 
commercially available liquid or powdered foods. In our study, clinical 
relevant effects caused by bacterial contamination of the formula were not 
observed. 

Although the outcome was not different in patients with contaminated 
feedings and with a prolonged stay in the ICU, from a clinician's and 
microbiologist's standpoint, a 3% to 4% contamination rate of initially 
sterile feedings is of concern. Also, the acquisition of certain bacteria 
(Gram-negative bacteria, vancomycin-resistant enterococci) that is related 
to the length of stay in the ICU, the use of enteral feedings, and the 
manipulation of nasogastric tubes gives cause for concern 38 ,39. 
How and to what extent handling contributes to contamination of feeding 
bottles and administration sets and whether at the time of exchange of 
the large-volume formula containers the infusion system should be 
renewed as well should be the subject of future research. 

78 



References 

1 Tredger J, Bazin C, Dickerson J: Nasogastric tube feeding: A survey to investigate 
current practices and attitudes of dietitians. J Hum Nutr 1981; 35:118-122. 

2 Anderton A: Bacterial contamination of enteral feeds and feeding systems. Clin Nutr 
1993; 12(Suppl 1):S16-S32 

3 Anderton A, Howard JP, Scott DW: Microbiological control in enteral feeding: A 
guidance document. Hum Nutr Appl Nutr 1986; 40A: 163-167. 

4 Keohane P, Attril l H, Love M, et al: A controlled trial of aseptic enteral diet 
preparation: Significant effects on bacterial contamination and nitrogen balance. 
Clin Nutr 1983; 2:119-122 

5 Rees RGP, Ryan J, Attri l l HA, et al: Clinical evaluation of two-l i ter prepacked enteral 
delivery system: A controlled tr ial. JPEN J Parenter Enteral Nutr 1988; 12:274-277 

6 Freedland CP, Roller RD, Wolfe BM, et al: Microbial contamination of continuous drip 
feedings. JPEN J Parenter Enteral Nutr 1989; 13:18-22 

7 Anderton A, Aidoo KE: The effect of handling procedures on microbial 
contamination of enteral feeds. J Hosp Infect 1988; 1 1 : 364-372 

8 Aidoo KE, Anderton A: The effect of handling procedures on bacterial contamination 
of enteral feeds: Importance of design of enteral feeding sets. J Hum Nutr Diet 
1988; 1:197-203 

9 Payne-James JJ, Rana SK, Bray MJ, et al: Retrograde (ascending) bacterial 
contamination of enteral diet administration systems. JPEN J Parenter Enteral Nutr 
1992; 16: 369-373 

10 Crocker KS, Krey SH, Markovic M, et al: Microbial growth in clinically used enteral 
delivery systems. Am J Infect Control 1986; 14:250-256 

11 Donius MA: Contamination of a prefilled ready-to-use enteral feeding system 
compared with a refillable bag. JPEN J Parenter Enteral Nutr 1993; 17:461-464 

12 van Saene HKF, Stoutenbeek CP, Zandstra DF, et al: Nosocomial infections in 
severely traumatized patients: Magnitude of the problem, pathogenesis, prevention 
and therapy. Acta Anaesthesiol Belg 1987; 38:347-356 

13 Levy J, van Laethem J, Verhaegen G, et al: Contaminated enteral nutrition solution 
as a cause of nosocomial bloodstream infection: A study using plasmid 
f ingerprinting. JPEN J Parenter Enteral Nutr 1989; 13:228-234 

14 Thurn J, Crossley K, Gerdts A, et al: Enteral hyperalimentation as a route of 
nosocomial infections. J Hosp Infect 1990; 15:203-217 

15 Belknap Mickschl D, Davidson U , Flournoy DJ, et al: Contamination of enteral 
feedings and diarrhea in patients in intensive care units. Heart Lung 1990; 19:362-
370 

16 Challacombe D: Bacterial microflora in infants receiving asojejunal tube feeding. J 
Pediatr 1974; 85:113 

17 Baldwin BA, Zagoren AJ, Rose N: Bacterial contamination of continuously infused 
enteral alimentation with needle catheter je junostomy: Clinical implications. JPEN J 
Parenter Enteral Nutr 1983; 8:30-33 

18 Knaus WA, Draper EA, Wagner DP, et al: APACHE I I : A severity of disease 
classification system. Crit Care Med 1985; 13: 818-829 

19 Keene A, Cullen DJ: Therapeutic Intervention Scoring System: Update 1983. Crit 
Care Med 1983; 11:1-3 

79 



20 Hill M: Normal and pathological microbial flora of the upper gastrointestinal tract. 
ScandJ Gastroenteral 1985; l l l ( S u p p l ) : l - 6 

21 Wilder-Smith CH, Spirig C, Krech T, et al: Bacteriological factors in gastric juice. Eur 
J Gastroenterol Hepatol 1992; 4:885-891 

22 Leonard EM, van Saene HKF, Stoutenbeek CP, et al: An intrinsic pathogenicity index 
for microorganisms causing infection in a neonatal surgical unit. Microb Ecol Health 
Dis 1990; 3:151-157 

23 Murray AE, Mostafa SM, van Saene HKF: Essentials in clinical microbiology. In : 
Bailliere's Clinical Anaesthesiology: Infection and the Anaesthesist. Van Saene HKF, 
Stoutenbeek CP (Eds). London, Bailliere Tindall, 1991, pp 1-26 

24 Schreiner RL, Eitzen H, Gfell MA, et a l : Environmental contamination of continuous 
drip feedings. Pediatrics 1979; 63:232-237 

25 Anonymous: Regulations Governing the Production, Processing, Handling of 
Distribution of Milk and Certain Milk Products. Birmingham, AL, Jeffersy County 
Department of Health, Bureau of Environmental Health: Milk and Certain Milk 
Products Control Program, 1972, p 18 

26 Anonymous: Laits Pasteurises Conditionnes Destines a la Consommation Humaine. 
Decret No.74-21, 4 Janvier 1974. Journal Officiel de la Republique Francaise, Lois et 
Decrets, 13 Janvier 1974, p 526 

27 van der Waay D, Berghuis JM, Lekkerkerk JEC: Colonization resistance of the 
digestive tract of mice during systemic antibiotic treatment. J Hyg (Camb) 1972; 
70:605-610 

28 Remington JS, Schimpff SC: Please don't eat the salads. N Engl J Med 1981; 
304:433-435 

29 Pottecher B, Goetz ML, Jacquemaire MA, et al: Enterocolites infectieuses chez les 
malades de reanimation alimentes par sonde nasogastrique. Ann Anesthiol Fr 1979; 
6/7: 595-602 

30 van Alsenoy L, de Leeuw I, Delvigne C, et a l : Ascending contamination of a 
jejunostomy feeding reservoir. Clin Nutr 1985; 4:95-98 

31 Casewell MW, Phillips I : Hands as a route of transmission for Klebsiella species. BMJ 
1977; 4:1315-1317 

32 Schroeder P, Fisher D, Volz M, et a l : J Microbial contamination of enteral feeding 
solution in a communi ty hospital. JPEN J Parenter Enteral Nutr 1983; 7:364-368 

33 Kohn CL: Relationship between enteral formula contamination and length of enteral 
delivery set usage. JPEN J Parenter Enteral Nutr 1991; 15:567-571 

34 McKinlay J, Anderton A, Wood W, et a l : Endogenous bacterial contamination of 
enteral tube feeding systems during administration of feeds to hospital patients. J 
Hum Nutr Diet 1995; 8:3-8 

35 Casewell MW, Cooper JE, Webster M: Enteral feeds contaminated with Enterobacter 
cloacae as a cause of septicaemia. BMJ 1981 ; 282:973 

36 de Vries EGE, Mulder NH, Houwen B, et al: Enteral nutrit ion by nasogastric tube in 
adult patients treated with intensive chemotherapy for acute leukemia. Am J Clin 
Nutr 1982; 35:1490-1496 

37 Anderson KR, Norris DJ, Godfrey LB, et al: Bacterial contamination of tube feeding 
formulas. JPEN J Parenter Enteral Nutr 1984; 8:673-678 

38 Botsford KB, Weinstein RA, Boyer KM, et al: Clinical and laboratory observations: 
Gram-negative bacilli in human milk feedings: Quantitation and clinical 
consequences for premature infants. J Pediatr 1986; 109:707-710 

80 



39 Slaughter S, Hayden MK, Nathan C, et al: A comparison of the effect of universal 
use of gloves and gowns with that of gloves used alone on acquisition of 
vancomycin-resistant enterococci in a medical intensive care unit. Ann Intern Med 
1996; 125:448-456. 

81 



82 



Chapter 7 

Bacterial safety of enteral feeding on the intensive care 

E.M.H. Mathus-Vliegen 
M.W. Bredius 
J.M. Binnekade 

Nutrition (accepted for publication 2005) 

83 



Abstract 

Objective 

Contamination of enteral feeding might endanger Intensive Care patients. 
A new 1-L enteral feeding system with minimal chances of touching critical 
areas (Nutrison® Pack) was compared with routinely used 0.5-L glass 
bottle systems. 

Setting 

28-bed Intensive Care Unit (ICU), Academic Hospital. 

Patients and measurements 

Patients admitted to the IC, expected to receive enteral feeding for 4 
days, were randomized to Pack or to routinely used bottle systems. 
Cultures were taken from the giving sets 5 times during the day and from 
feed containers and from different sites of the complete system after 24 
hours. 

Main results 

Bacteria were present in 3 of 112 glass bottles and in 2 of 95 Pack 
systems but true bacterial contamination (defined as >102 CFU/mL with 
same bacteria also present in the giving set) was found in none of the 
Packs with 12-h and 24-h hang-times and in only one of the glass bottles, 
that with a hang-time of 24 hours exceeded the advised hang-time of 8 
hours. After use, 94.6% of bottles and 95.8% of Packs contained <1 
CFU/mL; 74.4% and 90.5%, respectively, remained sterile. Giving sets of 
Pack and bottle systems were contaminated in 4 8 . 1 % , with increasing 
bacterial counts over the day and over 4 subsequent days. Bacteria mainly 
belonged to the Enterobacteriaceae and Pseudomonaceae, followed by 
Enterococci. They resided in throat, lungs and stomach, grew into and 
along feeding tubes upwards until they reached the giving set. Here, they 
multiplied to high numbers, which was aggravated by a temporary 
standstill of the flow. 

Conclusions 

Prolonged 24-h hang-times with the Pack system are safe. However, the 
safety of enteral feeding in compromised patients was much more 
endangered by high bacterial counts in the giving set and feeding tube as 
a result of retrograde growth. 
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Introduction 

The microbiological safety of enteral feeds is a responsibility shared by 
manufacturer and user. Over the last two decades, many improvements 
have been made. 1 4 The reconstitution, mixing and dilution of powdered 
feeds have been replaced by ready-to-use feeds. Vented feed containers 
such as bottles require an air-inlet with filter, which is not needed with 
non-vented feed containers such as collapsible bags. Drip chambers in the 
giving sets and the use of pumps constitute a physical barrier against 
ascending bacteria. 5,e Over time, feeding tubes also have improved both 
in design and in materials. 7 

Enteral feeding is not regarded as a main source of infection in the highly 
technological and specialized care of the Intensive Care patient. Spoilage 
of feed will only become apparent at contamination levels of about 108 

cfu/ml. Despite continuously improving feeding systems, many cases have 
been reported that feeds became contaminated with micro-organisms, 
very likely during handling. 2"4' 8"12 Especially in the compromised 
Intensive Care patient this might be catastrophic. In addition to diarrhea, 
vomiting, fever and feeding intolerance, colonization and septicemia have 
been described with Enterobacter cloacae, Klebsiella pneumonia, 
Pseudomonas aeruginosa, Serratia marcescens and Escherichia coli, 
proven by phage typing and plasmid finger printing. 13~18 Moreover, 
phenotypic changes in bacterial lipopolysacharides may induce changes in 
virulence and pathogenicity, whereas plasmids of bacteria may confer 
multiple antibiotic resistance. 19, 20 Also, changes in nutritional value and 
physical characteristics of the feed may occur. 21,22 

Therefore, the chance of touching critical areas during opening of the 
packaging and connection to the feeding system should be reduced to a 
minimum. Moreover, prolonged hang-times for feed containers should 
facilitate the administration of the required amounts of nutrients without 
the need for additional handling. An enteral feeding concept was 
developed that facilitates the hygienic use of the system (Nutrison® Pack, 
Nutricia, Zoetermeer, the Netherlands). In a laboratory setting, the safety 
of the system applying the worst possible scenario was established 
(unpublished data). Nurses voluntarily contaminated their hands with 
Serratia marcescens and subsequently connected a 500 ml glass bottle, a 
1-L polypropylene feeding bottle (Steriflo®, Nutricia, the Netherlands) and 
a 1-L Pack to the belonging giving sets. Glass bottle and Steriflo bottle 
were contaminated in 13.3% and 15.0%, respectively, in contrast to a 
1.7% contamination rate of the Pack. 

The next step was to assess the performance of the Pack system in an 
exigent clinical Intensive Care Unit (ICU) setting and to compare it with 
routinely used systems. We decided to investigate: 
1. the chance, degree and etiological agent of contamination of Packs 

compared with glass bottles; 
2. the chance, degree and course of contamination, during the day and 

over a 4-day time period, of giving sets; 
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3. the extent to which contamination is determined by hang-times, 
location of feeding tube, presence of micro-organisms in throat, 
stomach or lungs, manipulation of the feeding system or patient 
characteristics. 

Materials and methods 

Patients 
Patients admitted to the ICU who were expected to receive enteral feeding 
for more than one day via a PVC nasogastric tube (Argyle'IM Salem Sump 
Tube, Sherwood Medical, Tullamore, Ireland; Ch 14, 108 cm) or an 
endoscopically placed polyurethane jejunal tube (Flocare™, Nutricia 
Healthcare, Chatel-St.Denis, Switzerland; Ch 10, 125 cm) were included. 
From this group, patients were chosen at random and included during the 
first 4 feeding days. Patients were excluded if they had tubes placed 
outside the ICU, were fed more than 24 hours prior to the present study 
or had their tubes replaced or interrupted their feeding program during 
these 4 days. Also, patients who left the ICU prematurely were excluded 
as were patients who had to be fed by special feeds, which were not 
available in ready-to-use containers. Patients were randomized to a 
system routinely used or to a Pack system. The routinely used system 
consisted of a 0.5 L glass bottle, closed with a crown cork (Nutricia, the 
Netherlands). To connect the giving set (Kangaroo™, Sherwood Services, 
Mansfield, USA) to the bottle, the crown cork had to be removed with a 
bottle opener and to be replaced by a sterile elastomer cap (Flocare™, 
Nutricia Healthcare, Switzerland), through which the spike of the giving 
set had to be pushed. A Y-port, a port for medication and flushing of the 
tube, was present 20 cm from its distal end. According to the ICU 
protocol, the maximal hang-time of the bottle was 8 hours. The Pack 
system (Nutrison® Pack, Nutricia, the Netherlands) consisted of a 1-L 
triple foil laminated collapsible bag without the need of an air-inlet, closed 
with a sterile seal covered with a cap. After removal of the cap, the giving 
set (Flocare 800™, Nutricia, the Netherlands) was connected to the Pack 
by screwing. By this the sterile seal was spiked. The Y-port was at 8 cm 
from the distal end. The maximally recommended hang-time of the Pack 
was 24 hours. Patients were divided into those who needed 1 or 2 Packs 
per 24 hours. The flow rate of the feeding was regulated by a Kendall 
Kangaroo Control 324 Sherwood pump for the glass bottle and a Flocare 
800 Nutricia pump for the Pack system. Patients were started on a flow 
rate of 20 ml/hr at day 0 and feeding was increased by steps of 20 ml/hr 
according to tolerance on the following days. The study was approved by 
the Medical Ethical Committee, who waived the need for informed 
consent. 
Patient characteristics such as age, gender, ICU referral diagnosis, 
APACHE score, daily TISS score, medication and posture in bed were 
recorded. 
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Also, manipulations such as measurement of gastric retention, 
administration of medications were noted. Medications were divided into 
groups of antibiotics, prokinetic and acid suppressing drugs. 

Methods 
Feeding could be started at any hour of the day (day 0). At this time, 
samples were taken from the throat, stomach and bronchial aspirate and 
repeated on each day of the study. At midnight, patients were randomized 
and the feeding system was replaced by the appropriate feeding system 
( d a y l ) . 

Figure 1 
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The feeding system with the sites of sampling: the Pack or glass 
bottle, the drip chamber, the Y-port located at 8 cm(glass bottle 
system) or 20 cm(Pack system) from the distal end, and the distal 
end were the giving set is connected to the feeding tube 

According to the randomization, Packs were replaced after 12 hours, no 
matter the remaining content of the Pack (2 Packs/24 hours), or hung a 
complete 24-h period. Bottles were replaced every 8 hours. Samples of 
feed were taken aseptically via the Y-port after clamping the part giving 
access to the distal tube in order to obtain feed from the proximal part of 
the system and to prevent mixing with feed from the distal part that gave 
access to the feeding tube (Figure 1). 
In a previous study, contamination appeared to be higher after a 12-h 
hang-time when giving sets remained and feed containers had to be 
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exchanged.23 Therefore, we decided to sample feed from the new giving 
set at the start and then 9.5, 12, 16 and 20 hours later. These samples 
were processed for bacterial culture within 1 hour. When this was not 
possible they were stored in a refrigerator and analyzed the next day. 
Packs that were exchanged at noon (after 12 hours) were closed with a 
fitt ing sterile screw cap. Disconnected bottles were also capped and both 
were stored in a refrigerator until subsequent bacterial analysis. 
At the end of a 24-h feeding period, the complete giving set including 
bottle or Pack were harvested for culture and were replaced by new ones. 
The used set was stored in the refrigerator with clamps on both sides of 
the drip chamber, a clamp below the Y-port and a sterile stopper on the 
distal end. The next day, samples were taken from the bottle or Pack, 
from the drip chamber, from the giving set via the Y-port, and from the 
distal end where it was connected to the feeding tube. 
For bacterial analysis of feed and gastric contents, decimal dilutions were 
made in physiological saline. By means of the poor plate method, colony 
forming units per ml (CFU/mL) were counted on trypton soy agar after 2 
days of aerobic incubation at 37°C. The detection limit for micro
organisms was 1 CFU/mL. Feed was regarded as contaminated when 
>100 CFU/mL were present. All samples containing 3*105 CFU/mL or 
more were recorded as 3*105 CFU/mL. To confirm that feed in the feed 
container was contaminated during use, the same micro-organism had to 
be present in the giving set. Additionally, 0.1 ml of feed was spread on a 
blood agar plate for bacterial identification if the colony count of the feed 
exceeded 100 CFU/mL. 
For throat and bronchial aspirates, a semi-quantitative method for swabs 
was applied, using blood agar plates. A swab was streaked onto the plate 
followed by 3 streaks made with a loop. To observe growth at the first 
streak at least 103 CFU/mL was needed. Every following streak resembled 
a decimal dilution. Growth at the fourth streak was recorded as >105 

CFU/mL. Positive cultures of throat, stomach and bronchial aspirate were 
defined as harboring >103 CFU/mL. Samples were aerobically incubated 
for 2 days at 37°C. 

Sterility test 
After sampling, the remaining feed from finished Packs or bottles was 
incubated for 2 days at 37°C to check for sterility after use. After 2 days 
feed was streaked onto a blood agar plate using a lOul loop. The plates 
were incubated aerobically at 37°C. When no growth was observed, the 
feed was regarded as sterile. 

Identification 
Colonies on the blood agar plates were analyzed for their gross 
appearance, Gram-negative staining, oxidase, catalase and direct 
coagulase reactivity and motility. Standard biochemical methods were 
used for identification, together with cell and colony morphology. For 
identification of Enterobacteriaceae a combination of biochemical tests 
was used. The identified micro-organisms were categorized into 5 groups 
based on pathogenicity24"26: 1) Normal throat flora; 2) Low pathogenic 
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bacteria; 3) Potentially pathogenic for a normal population; 4) Potentially 
pathogenic for a hospital population; 5) Highly pathogenic bacteria. 
E.coli bacteria belong to group 3 according to their pathogenic capacity. 
Taking into consideration their microbiological and biochemical 
determination they can also be placed in group 4 bacteria (26). Therefore, 
a separate analysis with E.coli belonging to group 4 was performed. Yeast 
were a separate group.24,27 

Statistical analysis 
For ethical reasons, an interim analysis was scheduled after 10 Pack giving 
sets. Based on our previous finding on the ICU of 4% contaminated 
Steriflo bottles (defined as >102 CFU/mL), designed for a 24-h hang-time, 
continuation of the study was considered unacceptable when > 4 % of 
Packs were contaminated. 23 Ten sampling days (6 with one and 4 with 
two Packs/24 hour, connected to a gastric tube in 6 and to a jejunal tube 
in 4) did not show any contaminated Pack. 
All colony counts were log transformed. A value of 0.9 CFU/mL was used 
when <1 CFU/mL was found in order to enable log transformation for the 
trend analysis and the calculation of median values. Descriptive statistics 
were used to describe group characteristics. T-test and the non-
parametric Wilcoxon test were used to compare groups. Associations were 
analyzed with Yates'corrected x2 test (Fisher's exact test, where 
appropriate) and correlation statistics (Pearson's r or Spearman's p) . To 
compare the course of the contamination over the different times of the 
day and over the four different days, regression lines per patient were 
drawn and regression coefficients were used for trend analysis. A 2-sided 
p value of <0.05 was used. A 1-sided p value of <0.05 was chosen when 
only an expected stabilizing or worsening was investigated. 

Results 
Thirty-seven patients (19 males, 18 females, mean (SD) age 57(16) 
years) were randomized to Packs 21 or glass bottles 16 systems. Twenty-
seven received feeding via a nasogastric tube and 10 via a nasojejunal 
tube. Patients characteristics were compared according to their groups of 
randomization, gender and tube location (Table 1). 
There were only a few differences: a more frequent use of prokinetic 
drugs, related to a more frequent gastric stasis in more severely ill 
patients as reflected by a higher APACHE score at admission in the glass 
bottle group, and a higher use of acid suppressing drugs in the Pack group 
with more jejunal tubes compared with the glass bottle group. Patients 
with jejunal tubes started almost immediately with feeding with a shorter 
time lapse compared with patients with gastric tubes. They also received 
acid suppressing drugs more frequently. 

89 



O) 

n 
3 *-> 
c 

TD 
CJ 

O) 
TJ 
C 
OJ 

cn 
c" 
o 

3 

O l 

c 
TD tO 

O <L> 
U - * 
u u 
ro ro 

> - -Q 

3 . E 

tn c 
a> 0 

j-> ro 
O ! > 
C OJ 

• c "O 

E -0 

fe-s 
i/i c 

ro c 

<-»- ro 

'S w 

w ro U o, 

t n fc 

S ro 
y c ro o j 
ro > 

- c a i 
<-> 0 . 

rH ro 

Ai w 

<U QJ 
. f l =5 

r - > 

(U 

h <l> 
Ll-

CU 

±j 
CU 

n. 

•=-

LO 

ro 

Ln 
Ol 

0 
v-— 
0 

ro 
O 

Ln 

T—1 

' « - ' 
X 

VD 
LT! 

Ln 

LD 

rn 
TH 

-̂̂  
0 0 

*— 
CT> 

m 
rO 

-̂, 
t 

O 

-̂' CO 

t 

^̂  T-t 

TH 

' 
u 
t 

,0-m^ 

CO 

T- l 

^̂  i-H 

' t 

cri 
r>. 
co 

=t* 
LD 
rs 
LT) 

0 

0 
' t 

LO 

ro 
C\ 
LO 

ro 

O 

*—1 

-— 
LO 
LO 

C l 
r v 

r̂ -

•—' n 
0 
(N 

^̂  CT> 

C^ 

•—' f N 

CD 

ro 

^-^ LD 
' t 

C J 
•—' 

CO 

^ f 

^̂  i -H 

i -H 

—' i n 

ro 

-̂̂  • * 

T - l 

' ' t 

' t 

m 
r̂ 

Cü 

y j 

<J0 

>̂, 0 

O Ï 
co 

i-H 

' t 
CO 

vD 

^D 
LO 

rv 

ID 

f\| 

cn 
i-H 

ro 
0 

ro 
0 
' t 

^-^ U> 

ó 
"—' r̂  
-̂

i-H 
s—" 
r-» 
ro 

T H 

' ( N 

' t 

rv 
GO 
UJ 

LO 

' t 
(N 

O 

r\J 
i n 

tf> 
tn 
co 
•—-m 
0 
(N 

-̂> vO 

co 

"w' m 
co 
ro 

(N 
' t 

u 

co 
' t 

vO 
' t 

,_«, 
ro 

*—' 
l D 
i n 

r \ i 

, , 
OJ 

i n 

*— 
i -H 

O 
lO 

<n 
<N 

K 

oi 
»-i 

ro 
IN 

r \ j 

r-> 
co 
ro 

s~^ 

0 

0 

OU 

' t 

' t 

0 
r^ 
>H 

0 
ró 
cc 

oS 
co 

0 

' t 

# r \ 

LÖ 

q 
d 
i n 

% IS. 

K 

1-1 

q 
0 ' 

V 

Q . 

i n " 
0 

V 

o. 

0 
^ i -

K 

LO 
'M 

N 
»-H 

-̂̂  rH 

có 
1—' 
OI 

a> 
rn 

^-~, 1 ^ 
' t 

(_) 
~̂̂  UU 

t 

ro 

ai 

0) 

O 

JD D l 
l/l ~ > ^ 
ro Si 

a; 
l !) 

< 

QJ 

c^ 
u 

u 
Q-

< 

0 
u 
v> 
m 
LO 

h-

ro 

<-J 

I 
• ^ ^ 

a 

—i 

(/) 
c 

E 
" - • • ^ 

u 

_ i 

ra 

F 
ü 

E 
" • - • ^ 

u 

_ J 

LO 

u 
0 

JQ 

C 

ro 
0 

in 
_ } 

cn 

T3 

u 'Lö 

0 h 
<V CL IA z> 
3 LÖ 

y 
a> 
c* 
0 

0 

in 

_) 

a i 
i/i 

« 
-̂  
5 
c 

« 

c 
CD 

> 
'cn 
<ü 



Packs and glass bottle contamination 
Ninety-five Packs (69 with a hang-time of 12 hours and 26 with a hang-
time of 24 hours) and 112 glass bottles were harvested for culture. Two 
out of the 95 Packs had > 100 CFU/mL (240 and 264 CFU/mL). Both 
Packs had hung for 12 hours. After an average hanging time of 8.7 hours, 
3 glass bottles contained > 100 CFU/mL (173, 470 and 600 CFU/mL). In 
only 1 bottle, the same micro-organism was found throughout the entire 
system (bottle, drip chamber, and giving set). However, this bottle had 
hung for 24 hours. 

Figure 2 
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c£ ± 

D D a v 1 

• Day 2 

D D a v 3 

D D a v 4 

9.5 12 16 20 24 hours 

Percentages of samples containing more than 102 c fu /ml , collected from the Y-
port 9.5, 12, 16, and 20 hours after connection of the giving set over 4 
subsequent days. Samples after 24 hours were harvested at midnight and 
cultured the next day after an overnight storage in the refrigerator. 
* significant difference when compared to day 1 at the same day(p < 0.05) 
# significant difference when compared to the sample after 9.5 hours on the 
same day (p < 0.05, 1-sided) 

In the other 2 contaminated bottles and 2 Packs the same micro-organism 
was actually not found in the drip chamber and giving set. Furthermore, of 
all 112 bottles and 95 packs, respectively 106 (94.6%) and 91 (95.8%) 
had <1 CFU/mL after use as detected by the poor plate method. In 22 
glass bottles not enough feed remained for the sterility test. 
After use, 67 of 90 bottles (74.4%) and 86 of 95 Packs (90.5%) were 
completely sterile, defined as no detectable growth in the feed after 2 
days of incubation. 
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When the bottles were divided into those used according to the protocol, 
for > 8 hours, 34 out of 46(73.9%) remained sterile. 

Figure 3 

% samples >100 cfu/ml after 24 h 

• Day 1 

E3 Day 2 

• Day 3 

• Day 4 

end y-port drip bottle +Pack 

Percentages of samples containing more than 102 c fu/ml, collected from different 
sites along the enteral delivery system(distal end connected to feeding tube, Y-
port located 8-20 cm higher, drip chamber, glass bottle or Pack) on 4 subsequent 
days 
* significant difference compared to the Y-port sample of the same day(p < 0.05, 
1-sided) 

Contamination of Pack and bottle giving sets 
A significantly higher contamination frequency was found when cultures 
were taken from the Y-port of the giving set. Whereas only 2.4% of the 
feed containers (5 of 207 Packs and bottles) were contaminated, this was 
the case in 4 8 . 1 % (52 of 108) of the giving sets (p=0.001, 2-sided). 
As shown in Figure 2 combined for Packs and bottles, Y-ports of giving 
sets became increasingly contaminated during the day and also over the 
days when the 4 days were compared. 
On each day, a strong increase in the contamination frequency was 
observed between a 20-h and 24-h hang-time. Furthermore, after a 24-h 
use, on each of the four days the contamination frequency was 
significantly higher than after 9.5 hours (p 0.026-0.001, 1-sided). 
Pooling of the data of 4 days showed that the contamination frequency 
after hang- times of 16 hours and longer was significantly higher than 
after a hang-time of 9.5 hours (p<0.05-p< 0.001). 
When the 4 days were compared, the contamination frequency after a 
hang-time of 12 hours and longer on day 4 was significantly higher than 
after similar hang-times on day 1 (p 0.019-0.026, 1-sided). 
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Contamination frequency after 24 hours on day 1 was significantly lower 
than on the other days (p<0.05). There was also a correlation between 
contamination of the giving set after 20 and 24 hours and the succeeding 
set (p<0.05 and <0 .01 , respectively, 2-sided). The relative risk of a 
subsequently infected giving set after a previously contaminated set was 
4.1 (95% Confidence Interval 2.26/7.36). 
The possibility of retrograde growth via the giving set was examined after 
a 24-h feeding period (Figure 3). 
On all 4 days, the contamination frequency in the drip chamber was 
significantly lower than at the distal end and the Y-port (p<0.001, 1-
sided). Only at day 1 was the contamination frequency significantly higher 
at the distal end than at the higher located Y-port (p=0.04, 1-sided). 
The contamination frequency at the Y-port (p=0.032, 1-sided), but not for 
the already highly frequently contaminated distal end (p=0.631, 1-sided), 
increased significantly over the days. 

Quantitative data 
Quantitative contamination data are shown in Table 2. The contamination 
on each separate day was independent of the location of the tube 
(stomach or jejunum) and the design of the giving set (Pack or bottle 
type). When looking over the 4 days, the slope of the regression lines was 
different for Pack giving sets when comparing day 1 and day 2 with day 4 
(p=0.006 and p=0.035, respectively) with a progressively steeper course 
over the days. 
Similarly, giving sets connected to jejunal tubes showed a difference 
between day 1 and 3 (p=0.008) and day 1 and 4 (p=0.014). No 
differences were found when the slopes of glass bottle giving sets or 
giving sets connected to gastric tubes were studied. 

Relationship between species of micro-organisms at different places 
In contaminated samples, with > 102 CFU/mL in giving sets and with > 
103 CFU/mL in throat, stomach and lungs, micro-organisms were 
identified. No bacterial growth was observed in 6% of bronchial (3/52) 
and 6% of gastric (6/95) samples. All 99 throat samples showed bacterial 
growth. Y-ports of giving sets revealed no growth in 52% (56/108). 
Gastric cultures mainly showed yeast(group 6, 52%), followed by 
potentially pathogenic bacteria for hospital patients (group 4, 49%). In 
throat and lung cultures, mainly normal throat flora (in 40 and 79%, 
respectively) was found, followed by low pathogenic bacteria in the throat 
(group 2, 51%) and by potentially pathogens for the hospital population 
(group 4, 39%) in the lungs. The contaminated Y-port samples showed 
mainly group 4 bacteria (33%), followed by low pathogenic (18%) and 
normal throat flora (15%). 
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Highly pathogenic bacteria were not discovered. To investigate whether 
micro-organisms in the giving set were originating from the patient side, 
positive cultures had to be preceded by positive cultures at the previous 
day or same day. The concordance of bacteria is presented in Table 3. 
It then appeared that micro-organisms present at the Y-port were already 
present in the previous set. Bacteria that were found in the contaminated 
giving set were also dominating in cultures of throat, lungs and stomach 
and mainly concerned group 4 bacteria, with or without the addition of 
E.coli bacteria from group 3, followed by group 2 bacteria, Enterococci, 
also present in the lungs. 

Table 3 ) Percentage of Y port samples harboring the same 
micro-organism as present in throat, bronchial aspirate 
and stomach and previous set 

Group 
bacteria* 

1 

2 

3 

4 

5 

Yeast 

Throat 

8 

22 

15 

55 

0 

16 

Lung 

0 

33 

8 

4 1 

0 

8 

Stomach 

20 

37 

21 

57 

0 

14 

Previous 
set 

73 

85 

88 

91 

0 

57 

* 1 = Normal throat flora (Staphylococcus sp., 
streptococcus sp., Micrococcus sp., Neisseria sp., 
Lactobacillus sp., Corynebacteria); 
2 = Low pathogenic bacteria (Enterococcus sp., 
a-hemolytic Streptococcus); 
3 = Potentially pathogenic for a normal population 
{Staphylococcus aureus, E. coli); 
4 = Potentially pathogenic for a hospital population 
{Enterobacteriaceae excluding E.coli, Pseudomonas sp., 
Acinetobacter sp) 
5 = Highly pathogenic bacteria (Salmonella sp., Neisseria 
meningitidis, Corynebacterium diphteria). 

Discussion 
The safety of the Pack enteral feeding system with regard to microbial 
contamination was evaluated in daily practice on the ICU and compared 
with the routine practice of glass bottles. Both Pack and bottle systems 
performed well and no visible spoilage was observed. In only 1 of 112 
bottle-fed cases, >100 CFU/mL were found throughout the whole feeding 
system at the end of 24 hours, which was far above the advised hang-
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t ime of 8 hours. This bottle was the only feed container that became 
contaminated during use. 
For 2 other bottles and Packs, >100 CFU/mL were found at the end of the 
using t ime, but <1 CFU/mL was found in the drip chamber of the 
connected giving set. International recommendations as to acceptable 
levels of contamination while feeding and at the end of the feeding 
process are lacking. Definitions of contamination, therefore, vary from any 
bacteria present to >102 CFU/mL. 8 '12 '28"30 We adopted the criterion of 102 

CFU/mL, according to studies that looked into colonization and infection in 
immune-compromised patients. 31 In other studies, feed is regarded as 
contaminated when >103 CFU/mL 32, >104 CFU/mL or 2-3*104 CFU/mL 
(grade A pasteurized milk in France and the USA)33"35 or even when >105 

CFU/mL 36 are present. Using these limits, no Packs or glass bottles were 
contaminated in our study. In Wagner's study, 2% of ICU patients showed 
significant contamination, defined as >104 CFU/mL, after 24 hours.37 We 
previously reported a 4 % contamination rate when using a limit of 102 

CFU/mL.23 

I t is unclear what has caused the contamination in the 2 Packs and 2 glass 
bottles. Presumably they became contaminated after use. Outgrowth of 
bacteria might have occurred at the rim between cap and bottle, which 
contaminated the feed upon disconnection of the feeding container. This 
might also explain the other Packs and bottles that were found to contain 
bacteria upon sterility testing. 
Although the average hang-time for the Pack (15.1 hours) in this study 
was almost twice as long as for the bottles (8.7 hours), no difference was 
found in contamination rates. Even Packs that hung for 24 hours did not 
show an increased contamination risk, thus showing the safety of the 
Pack. The low contamination rate for both Pack and bottle might also be 
related to the higher level of nursing care on the ICU. The absent 
contamination of Packs in our study is notably better from the 12% 
contamination rate found on surgical and medical wards.38 The low level of 
contamination of glass bottles was an unexpected finding and far below a 
59-68% contamination in simulated conditions 3 and 4-15% in clinical 
u s e 10,12,16, 28, 29 

Enumeration of the micro-organisms which can enter the feed during use 
showed that the absent to low numbers of bacteria present in the Pack 
and bottle were largely outnumbered by those present at the end of the 
giving set. Apparently, the safety of the whole system is limited not so 
much by the feed container as is always stressed in the literature, but 
mainly by the contamination risk of the giving set. Some indication thereof 
was already present in our previous study and in some other studies as 
well. 9'10'23'38"41 During the day and over successive feeding days, the 
percentage of contaminated giving sets at the Y-port increased. An 
important source of contamination turned out to be the feeding tube of 
the patient which remains in the patient for a prolonged period. During 
this period, micro-organisms can enter the feeding tube and multiply 
there. 
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The tube acts as a reservoir and via the feeding tube the giving set can 
become contaminated. Proof of this was the fact that the distal end of the 
giving set that is connected to the feeding tube was more heavily 
contaminated than the Y-port situated 8-20 cm above and that, except for 
1 bottle, no contamination was present in the drip chamber which is 
nearest to the Pack bag and the glass bottle. This also explains why a 
subsequent giving set had a very high risk of becoming contaminated 
when a previous one was infected. 
Handling of the system and subsequent risk of contamination 5"12 has 
received much more attention than the possibility of retrograde growth or 
the introduction of bacteria into the feeding tube by positioning of the 
tube, measurement of gastric retention or pH as a check of tube 
positioning. h 3' 10' 21' 38' 39' 42' 43 The feeding tube can become 
contaminated by micro-organisms present in the patient, in gastric 
contents or in the throat. However, the micro-organisms found in the feed 
at the Y-port did not reflect the normal microbiological flora of throat and 
stomach: pathogenic species were relatively more frequently found. 
Obviously, a selection takes place which probably depends on 
microbiological characteristics such as motility and adherence capacity to 
the wall of the feeding tube and giving set.1, 4' 21, 24~26, 43 The most 
pathogenic species found in this study, i.e. bacteria of group 4, are motile 
and can therefore more easily grow upstream via the tube towards its 
ending and its connection to the giving set. Due to this supposed selective 
retrograde growth the highest correlation between Y-port and patient 
sides was found for Enterobacteriaceae and Pseudomonas species. 
The steep increase in contamination after hang-times of 24 hours might 
be partly a result of stasis of the feed in the pump set, as the giving set 
was disconnected and clamped at several levels. As the flow was stopped 
no micro-organisms were removed anymore. They then showed the 
capacity to multiply to high numbers.44 This might be relevant to clinical 
situations of temporary interruption of feed delivery. 

Conclusion 

Prolonged hang-times of up to 24 hours are safe with the Pack, a system 
that reduces the chance of touching critical areas to a minimum upon 
connecting the giving set to the feed container. Hitherto, the prolonged 
use of enteral feed was based on a risk analysis of the contamination of 
the container, which underestimates the risk for the patient as shown by 
our study. It is alarming that Enterobacteriaceae and Pseudomonaceae, 
which were found to contaminate the giving set most frequently, are in 
the most pathogenic group of micro-organisms isolated in this study. They 
apparently resided in the patient and grew upwards until they reached the 
giving set. Here, in the presence of a nutritious environment, they 
multiplied to high numbers which might be aggravated by a temporary 
interruption of the flow. Therefore, much more attention should be given 
to giving sets and feeding tubes. Cost containment is a major issue in 
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health care and giving sets are expensive.46 In this context, the use of 
giving sets for 48 hours in the UK 2 and the recent advice 47 to extend the 
use of giving sets to 72-96 hours should be reconsidered. 
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Abstract 

Background 

Since more sophisticated ventilation techniques have enabled patients to 
comply with the ventilator with little or no sedation, deep sedation levels 
can easily be avoided. However, successful ventilation techniques 
expanded also the treatment possibilities for the more severely ill patients 
who still need deeper sedation levels. We developed a new sedation score 
to improve the prevention of oversedation and to simplify scoring practice 
in the ICU. 

Objective 

To establish the validity and reliability of a new sedation score (Sedic 
score) for critically ill sedated adult patients. 

Design 

The prospective evaluation of reliability and validity of the Sedic score. 

Setting 

Thirty-bed Intensive Care Unit in a university teaching hospital. 

Patients 

Forty-six consecutive mechanically ventilated and sedated ICU-patients. 

Measurements 

The constructed scale consists of 5 levels of stimuli and 5 levels of 
responses. Sedation levels are defined by the sum of stimulus and 
response. Reliability of the Sedic score was assessed by simultaneous 
measurement by the research nurse and the attending nurse (n = 70). 
Validity was expressed as: a) the hierarchical relation between stimulus 
and response (n=443); b) the prediction of wake up time by the Sedic 
score (n=46), and; c) the association between the Sedic score and the 
Ramsay scale (n= 88). 

Main results 

Excellent reliability. Validity: a) weighted kappa between stimulus and 
response was 0.82; b) multivariate analysis: (recover time as independent 
variable) regression line (Y= -2.53 + 2.16 * G; p <0.001) (variance 
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explained = 42%); c) correlation between the Sedic scores and the 
Ramsay scores was rs 0.74 (p = 0.01). Sixty-seven percent of the patients 
with a maximum Ramsay score of 6 ranged between 6 and 10 on the 
Sedic scale, indicating that the Ramsay scale suffers from a serious ceiling 
effect 

Conclusions 

The Sedic score demonstrated sufficient reliability and validity and 
correlates well with wake-up time. The Sedic score allows for frequent use 
by nurses in order to avoid oversedation. 
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Introduction 

The principal aim of sedation in the critically ill is to relieve anxiety and 
agitation, to facilitate tolerance to procedures and to reduce awareness. l' 
2' 3 Over the past decade, the sedation policy in the intensive care unit 
(ICU) has changed. Formerly, sedation aimed to completely detach the 
patient from the stressful ICU environment. 4 Consequently, deep sedation 
levels were standard policy but this often led to prolonged mechanical 
ventilation and prolonged wake up time and ICU stay. 5 

Nowadays, deep sedation levels are avoided and sedation aims to achieve 
a sleepy but arousable patient. This approach has become feasible since 
more sophisticated ventilation techniques have enabled patients to comply 
with the ventilator with little or no sedation. 3 On the other hand, more 
aggressive respiratory techniques are sometimes required. For instance in 
patients with an Acute Respiratory Distress Syndrome (ARDS) who are 
nursed in prone position with inversed ratio ventilation and/or permissive 
hypercapnia. These patients experience substantial distress necessitating 
deep levels of sedation. 

If deep sedation is required, the prevention of overdosing becomes a 
major challenge especially in patients with altered pharmacodynamics and 
pharmacokinetics as a result of renal insufficiency or other organ 
dysfunction. 6 ' 7 

Symptoms of oversedation may co-exist with underlying disease 
(hypotension, bradycardia, ileus, venous stasis and immuno
suppression).3,8 Hence, over-sedation is often only noticed when a patient 
requires a prolonged recovery period. 5 ' 9 ' 1 0 

The Society of Critical Care Medicine (SCCM) have recommended the use 
of the Sedation Agitiation Scale (SAS), the Motor Activity Assessment 
Scale (MAAS) and the Vancouver Interaction and Calmness Scale (VICS) 
for sedation assessment (a grade B level recommendation). n The SAS 
scores a patient's level of consciousness and agitation from a seven-item 
list describing patient behaviour.12 The MAAS, adapted from the SAS, has 
seven categories to describe patient behaviours in response to 
stimulation. 13 The VICS assesses patients for their capability to interact 
and communicate and for their level of restlessness. 14 Although not 
recommended by the SCCM, the Ramsay scale is the oldest scale and has 
been used in many comparative sedation trials and is widely used 
clinically. n I t measures three levels of awake state and three levels of a 
sleep state. 15 

The similarity in the methods used between these scales is the 
assessment of sedation depth by ordinally arranged statements that 
encompass mostly some stimuli and a variation of response characteristics 
defined in a narrative definition of sedation depth. 12, 14 " 23 The use of 
these sedation scores implies the availability of the description of the 
sedation levels at hand because they are difficult to memorize. 
Over the last years, our department has been confronted with an 
increasing number of patients ventilated in prone position requiring deep 
levels of sedation, often resulting in a prolonged recovery period. As a 
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result, we felt the need to develop an accurate method to detect 
oversedation that is simple to use, does not require too much effort and 
can be memorized easily. 
This article presents a novel and simple scale to detect sedation depth of 
ICU patients and in particular to detect and prevent oversedation (the 
Sedation Intensive Care score or Sedic score). The objective of this study 
was to depict the validity of the Sedic score by an external objective 
criterion and to evaluate its reliability. 

Materials and Methods 

Setting 
The study was conducted in the thirty-bed Intensive Care Unit of the 
Academic Medical Center in Amsterdam, a tertiary care university teaching 
hospital with 1000 beds serving all specialties. 

Sample 
A consecutive sample of 46 mechanically ventilated and sedated ICU-
patients was collected to investigate validity. Also bedside observations 
were made (without collecting patient data) to depict interobserver 
variability of the Sedic (n=70) and to investigate the association between 
Ramsay and Sedic scores (n=88). Measurement properties of the Sedic 
were retrospectively evaluated by collecting registration forms (n=443). 

Scale construction 
In general, "sedation depth" is expressed by the level of arousal 
(response) triggered by an applied stimulus (verbal or physical), which 
can vary in intensity. Although stimulus and response are separate 
qualities, both are required to describe the clinical condition of sedation 
depth. 
Items for our new scale (in terms of both stimulus and response) were 
taken from other published sedation scales if reported valid and reliable. 
12, i4, 16-23 j^e j t e m s wjt(-, ^e highest concordance between scales were 
selected. The stimuli were then arranged from the weakest to the 
strongest while redundant and overlapping stimuli were removed. 
Responses were related to the stimuli levels and arranged according to the 
level of consciousness they describe. Five levels of stimuli and five levels 
of responses were identified; items in both categories were valued from 1 
to 5 points (see appendix 1). To measure sedation depth the stimuli were 
applied in a denoted order (starting with the weakest) until the patient 
showed a reaction, i.e. a minimal but defined response. The sum of the 
stimulus used and the response that was noted expressed the level of 
sedation (the total summated scale score ranges from 2-10). 

Reliability and validity 
The clinimetric properties of the Sedic scale were evaluated in terms of 
reliability and validity. Interobserver reliability refers to the score 
agreement between different observers measuring a clinical phenomenon 
using an identical instrument at the same time. 
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The reliability of the Sedic was assessed after a training period among 
nurses of three months. A research nurse (JMB) scored patients 
simultaneously (time difference less then 5 minutes) but independent 
from the nurse who was attending the patient and who performed the 
Sedic score [data set 1], 
The validity reflects the degree to which a scale measures what it is 
intended to measure. In this study validity was based on three 
hypotheses: a) there is a hierarchical structure in the relation between 
stimulus and response. For example, an overall absence of response 
(response level 5) can only be concluded if the patient has not responded 
on the stimuli that are weaker than "pressure on the nail bed", a level 5 
stimulus [data set 2] , In other words, we assumed a high concordance 
between a stimulus score and its response score; b) the Sedic score 
predicts the time needed to wake up after terminating the sedative [data 
set 3] , and; c) there is a significant association between the Sedic score 
and the Ramsay scale (see appendix 2) [data set 4 ] . 

Data collection 
We used four data sets: 1) The Sedic scale scored by the nurses attending 
the patient and a simultaneously but independently scored Sedic scale by 
the research nurse (n = 70); 2) randomly collected Sedic scores measured 
by the attending nurses to evaluate the hierarchical relation between 
stimulus and response (n=443); 3) Sedic scores and the Ramsay scale of 
patients taken just before terminating the administration of sedative drugs 
and the subsequent wake-up period as recorded by the research nurse 
(n=46) , and; 4) the Sedic scale scored by the nurses attending the 
patient and a simultaneously scored Ramsay score by the research nurse 
(n = 88). 

Sedation policy 
Patients were sedated by a continuous infusion of a combination of 
midazolam and morphine in a one-mg-to-one-mg relation. Sedation was 
titrated to achieve the desired level of sedation as assessed by the Sedic 
score. The sedation policy did not include the use of a neuromuscular 
blocking agent. 

Inclusion of patients 
Patients with diminished consciousness due to reasons other than the 
administration of sedative medication and patients who need a form of 
renal replacement therapy (dialysis or hemofiltration) were not included in 
this study. 

Statistics 
Descriptive statistics were used to describe patient sex, age, SAPS II and 
sedation (dose, duration) characteristics from data set 1. All patient and 
sedation characteristics that were univariate associated with wake-up time 
(p<.0.20) were entered into a multiple linear regression model (with a 
forward selection strategy, using the F statistic with p<0.05 on the 
criterion level of inclusion) to identify those variables that were 
independently associated with the dependent variable. 
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The association between the Ramsay scale and the Sedic score was 
summarized using a Spearman's rank-order correlation coefficient (rs). 

Table 1 Patient characteristics (data set 3) 

Patients 

Patients % (n/N) male 

AGE, mean (sd) 

SAPS I I score, mean (sd) 

Referral specialty 

- Medical 

- Surgical 

- Cardio-surgery 

Sedatives 

- Dose/hour, median (q25/q75)* 

- Dose before termination, median (q25/q75) 

- Total administered, median (q25/q75) 

- Total hours sedated, median (q25/q75) 

Periods in hours 

- Length of ICU stay, median (q25/q75) 

- Sedation stop to extubation, median (q25/q75) 

- Wake-up t ime, mean (sd) [min imum-maximum] 

Sedic score at terminating sedation, mean (sd) 

* median and interquartile range 

46 

76% (35/46) 

58 (20) 

39(13) 

37% (17/46) 

4 3 % (20/46) 

20% (9/46) 

5 (4/6) 

3 (2/5) 

167 (93/393) 

35 (22/84) 

236 (139/471) 

100 (42/262) 

12(8) [ 0 - 3 2 ] 

7 ( 3 ) 

The interobserver reliability of the Sedic total scale score was analysed 
using the Intra Class Correlation Coefficient (ICC, two-way random 
model). Statistical uncertainty was expressed in 95% confidence limits 
(CL). The assumed hierarchical relation between stimulus and response, 
hence the concordance between stimulus and response scores, was 
expressed in percentage observed agreement and the weighted Kappa 
(Kw) statistics. 

Results 

We predicted the wake-up time from the Sedic score taken just before 
terminating the administration of the sedative. Patient and sedation 
characteristics are described in Table 1. 
Variables included into the multivariate regression analysis that were 

109 



significant at p^0.20 included: total number of hours sedated, total 
number of sedatives administered, SAPS I I score and the Sedic score at 
termination of the sedation. 
After the stepwise forward selection only the Sedic score remained in the 
model (variance explained 42%). The slope of the regression line (Y=-
2.53 + 2.16 * 13) was significantly (p<0.001) greater than zero, indicating 
that the wake-up time prolongs as the Sedic score increases. For example, 
if the patient's Sedic score turns out to be 10, the expected wake-up time 
is (-2.53 + 21.6) 19 hours, whereas in case of a Sedic score of 4 the 
expected wake-up time is 6 hours. 
Reliability as shown by the ICC was 0.88 (95% CL 0.81/0.92). Table 2 
presents the hierarchical relation between stimulus and response scores. 

Table 2 Percentage of responses in relation to the stimulus levels, i.e. the 
response level is similar to the stimulus. 

Stimulus 

Response 

1 

80 
(74 /92)* 

10 (13/131) 

20 (18/92) 

74 
(97/131) 16 (21/131; 

13(9/72) ( 5 4 / 7 2 ) 

6(6/96) 12(11/96) 48(46/96) 

10 (5/52) 29 (15/52) 

30 
(29/96) 4 (4/96) 

61 
(32/52) 

Percentage *(response/total stimuli per level). Stimuli: 1) spoken request; 
2) loud call; 3) tap on the forehead; 4) shake shoulder; 5) pain stimulus. 
Response: 1) eyes open, squeeze hand on request; 2) rousable; 3) difficult 
to arouse; 4) only facial or motor expression; 5) no response. 

The observed agreement between the score categories was 65%, Kw = 
0.82. The least concordance was found between stimulus category 4 
(shake shoulder) versus response categories 3 (difficult to arouse) and 4 
(only facial and motor expression). If stimulus scores were related to 
response scores plus/minus one point, the observed agreement was 92%. 
Spearman's rank-order correlation between the Sedic scores and the 
Ramsay scores was rs 0.74 (p=0.01). 
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Sixty-seven percent of the patients with a maximum Ramsay score of 6 
ranged between 6 and 10 on the Sedic scale, indicating that the Ramsay 
scale suffers from a serious ceiling effect (Figure 1). 

Figure 1 

6* 

5 

4 

3 

2 

1 

• • • • • • • • • • • • • i + 
t • • • • 

• • t • • 

• • • • 

2 t 3 10 

Figure 2 *Ramsay score (Y axis): [awake] 1) anxious and/or 
agi tated; 2) cooperative, orientated and t ranqui l ; 3) response 
to commands; [Asleep] 4) quiescent with brisk response to 
l ight glabellar tap or loud auditory st imulus; 5) sluggish 
response to l ight glabellar tap or loud auditory st imulus; 6) no 
response to light glabellar tap or loud sound. 
'Sedic score (X axis): [ interpretat ion of sum score] : 2) not 

sedated; 3-4) l ightly sedated; 5-7) moderately sedated; 8-9) 
deeply sedated; 10) anaesthetised. 
* Variation of Sedic scores within a Ramsay score of 6. 

Discussion 

The 5 level stimulus response grading is the result of a systematic 
arrangement of items from a large number of existing sedation scales. 12' 
i4, 16-23 0 n | y j t e m s w j t n a h j g h concordance between the sedation scales 
were selected. During the subsequent simplification of the set by deleting 
redundant items and separating stimulus and response items the Sedic 
was created. 
Compared to the sedation scales used as a source to create the Sedic 
score, the Sedic score stands out for its simplicity. Moreover, it appears to 
be a reliable and valid instrument. 
Validity is shown by the predictability of the wake-up time, as 
demonstrated by the significant positive linear regression coefficient 
between Sedic score and wake-up time. The validity is also supported by 
the predictability of the response once a specific stimulus is applied 
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according to the required sequence. And finally validity is shown by the 
significant correlation between the Ramsay scale and the Sedic scores. 
One of the interesting features of the Sedic score is its complete 
separation of stimulus and response. If patients are lightly sedated the 
stimulus required will remain little. If patients require more profound 
sedation, the strength of the stimulus will increase, but stops at the first 
minimal defined response. Moreover, if the patient is oversedated the 
patient will fail to show any response. 
This sedation score has not yet been validated in other hospitals, and 
hence only applies for the locally used sedation regime. 
The Ramsay scale has been used for decades in both clinical practice 
and research. 24. The Sedic scores varied consistently above the highest 
Ramsay score, i.e. broke through the ceiling effect of the Ramsay score, 
showing more nuances in the higher levels of sedation. Moreover, in daily 
practice the upper limit of the Sedic score, i.e. 10 points, is without 
exception a signal for the nurse to lower the sedative dosage. 
Numerous sedation scales have been developed over the years. Most of 
the reported scales combined stimulus and response in one expression 
that was organized in rank-ordered narrative statements along sedation 
depth. 12, 14, 15, 20 " 23 Stimuli in these scales are unclearly defined as 
'tactile,' 'noxious,' 'pain, ' 'physical' and 'auditory,' or as commands, giving 
little instruction on what to do. 1 2 '1 4 '1 6 '2 0 '2 3 

Most sedation scales report a good reliability. Validity was based on: 
auditory evoked potentials; related variation in blood pressure; heart 
frequency; bispectral index; visual analog scales; and other sedation 
scales such as Ramsay and the Sedation Agitation Scale. 12 _14' 16, 17, 19~23 

All scales demonstrated at least fair to good validity properties. However, 
none of the scales was related to an endpoint indicating the predictive 
value of the score for the time needed to wake up. 
An alternative approach, the daily interruption of sedative infusions, is 
reported to lower the risk of oversedation. 10 As this procedure reduced 
the median duration of mechanical ventilation by 33%, the median length 
of ICU stay with 35% and the median length of hospital stay by 2 1 % , 
seriousness of the problem of oversedation was confirmed. However, it is 
yet unclear how labour intensive and hazardous this procedure is as 
periodic awakings may lead to accidental removal of catheters or other 
adverse events. 25 During this trial an investigator remained with the 
patient to prevent accidental removal of catheters during a possibly 
agitated awaking. This is not feasible in routine daily care. 
Because of its simplicity, the Sedic score can be used frequently and 
provides a good measure to monitor sedation depth. 
Although we have demonstrated a relation between the Sedic scale and 
the time to awaken in a selected group of patients, more work must be 
performed in order to determine the power to control sedation depth with 
the Sedic scale. This pilot study needs replication in other ICU's and 
sedation regimens. We believe that our results are promising enough to 
justify the effort of further study. 
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Abstract 

Objective 
To examine the added value of the Bispectral index (BIS) in predicting the wake-
up time after sedation of intensive care patients used in conjunction with the 
Ramsay scale or an alternative new simple clinical sedation scale, the Sedic 
scale. 

Design 

A prospective cohort study. 

Setting 
A thirty-bed intensive care unit in a university hospital. 
Patients: Forty-six consecutive adult patients requiring continuous intravenous 
sedation for at least 12 hours. 

Measurements and results 

Before cessation of sedatives (morphine and midazolam) a 15-minute sample of 
(blinded) BIS and the two clinical sedation scores were obtained. Subsequently, 
the time required to recover to full consciousness was assessed. Mean (Sd) BIS 
at TO was 56 (16), median (IQ range) Sedic score was 7 (4/9) and median (IQ 
range) Ramsay score was 6 (4/6). Mean (Sd) wake-up time was 11 (5/19) 
hours. Multiple regression analysis revealed that wake-up time was predicted 
the best by the combined BIS and Sedic scores (R2 0.66). The predictive value of 
the Ramsay or Sedic score alone revealed an R2 of 0.26 and 0.40 explained 
variance, respectively. 

Conclusions 
The combination of the BIS and Sedic score yields the highest explained variance 
of the wake-up t ime. The use of wake-up time as a dependent variable provides 
an objective external criterion, which may prove to be a valuable asset in clinical 
practice. 
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Introduction 

Sedation is one of the cornerstones in the management of critically ill patients in 
the intensive care unit (ICU). Sedation is ideally targeted at sleepy, yet 
arousable patients.1, 2 However, certain ventilation strategies used in the 
management of patients with severe pneumonia or acute respiratory distress 
syndrome often require deep levels of sedation, including inversed ratio 
ventilation or pressure controlled ventilation in prone position.3 

The administration of sedative agents is usually titrated and guided by the 
clinical assessment of a patient's level of sedation. However, it becomes difficult 
to differentiate between deep levels of sedation and oversedation by the mere 
use of clinical assessment. In addition, ICU patients may have an impaired 
hepatic and/or renal function altering the metabolism and excretion of sedative 
agents and resulting in unpredictable drug response.4 Furthermore, oversedation 
mostly goes unnoticed until a markedly prolonged recovery time (roughly more 
than one day) delays weaning from the ventilator and hence prolongs the ICU 
stay. 

A case in point about the occurrence of oversedation was made by the study of 
Kress et al. who demonstrated that a daily interruption of continuous infusions of 
sedatives decreased the duration of mechanical ventilation by 33% and the 
length of stay in the ICU by 35% among medical ICU patients.5 However, despite 
the effectiveness of this daily wake-up call concerns have been raised with 
respect to the incidence of adverse events. For instance the incidence of 
undesirable cardiovascular effects in patients with an impaired myocardial 
oxygen balance.6 The study of Kress was not powered to reveal the incidence of 
these adverse events. In addition, during the aforementioned study one of the 
researchers remained in the vicinity of the patient during the wake up period. As 
such, the study cannot be implemented into daily clinical practice easily. 
Therefore, other objective methods to manage sedation still need to be explored. 
Attempts have been made to assess the level of sedation with an EEG. I t has 
been known for decades that the EEG changes in response to the effects of 
anesthetics and sedative/hypnotic drugs. However, clinical use for the monitoring 
of the depth of sedation is difficult, as the EEG changes cannot be calibrated to 
behavioral endpoints easily. In addition, different drugs demonstrate a different 
sensitivity towards EEG patterns.7,8 

Still, one of the EEG derivates, the Bispectral index (BIS), appears to be a 
promising measure of the effects of anesthesia and sedation on the brain. The 
BIS score is the weighted sum of different EEG parameters.7 I t is obtained by 
multivariate analysis of a two-channel EEG (a sensor is placed on the patient's 
forehead) and ranges from 100 (awake) to 0 (complete electrical silence) - for 
example, 85 represents light sedation, 60 represents heavier sedation.7 The BIS 
provides a direct measure of the level of consciousness, not of the concentration 
of a particular drug.9 The primary indication for its use during anesthesia is to 
avoid awareness during the (surgical) procedure. However, questions have been 
raised concerning the reliability and validity of the BIS when used in the ICU. For 
example it is not clear, although suggested, whether a specific BIS value predicts 
an acceptable wake-up time, or whether the avoidance of low BIS values will 
help to prevent prolonged wake-up times. 
The objective of this study is to determine the ability of the BIS to predict wake-
up time when used in conjunction with clinical sedation scores following cessation 
of sedative drugs. 
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Patients and methods 

Setting 
The study was conducted in a thirty-bed intensive care unit admitting adult 
patients of all surgical and medical specialties of the Academic Medical Center in 
Amsterdam, a tertiary care university teaching hospital with 1000 beds. 

Study design 
A prospective cohort study of mechanically ventilated and sedated ICU patients 
to determine the predictive value of the BIS in conjunction with two clinical 
sedation scores, the Sedic and the Ramsay, with respect to wake-up time 
following cessation of sedative agents (Appendix). 
The BIS and the clinical sedation scores were measured just before the 
continuous infusion of sedatives was terminated. Subsequently, the time 
required to recover to full consciousness was assessed. 

Inclusion 
Forty-six consecutive mechanically ventilated ICU patients who had been sedated 
for at least 12 hours were included into the study. 
Exclusion criteria were: patients younger than eighteen years of age; patients in 
a terminal phase of their illness; patients with diminished consciousness due to 
reasons other than the administration of sedative medication, i.e. reasons of 
neurological origin; patients receiving additional sedative agents (other than 
described in the protocol), and patients receiving renal replacement therapy or 
patients with severe liver failure. 

Sedation policy 
Patients were sedated by a continuous infusion of a combination of midazolam 
and morphine in a one-mg-to-one-mg relation. Sedation was titrated in order to 
obtain the desired level of sedation as assessed by a clinical sedation score, the 
Sedic score. The sedation policy did not include the use of a neuromuscular 
blocking agent. 

BIS measurement 
The BIS signal was recorded using a frontotemporal montage with disposable 
sensors that were connected to the stand-alone BIS monitor (XP model, Aspect 
medical systems, Newton, MA; software version 3.2). Before recording was 
started, the BIS monitor automatically checked electrode impedance. In order to 
obtain a reliable BIS value, two related parameters, meeting the following 
criteria, were checked: 1) an electromyogram (EMG) of less than 50%, and 2) a 
Signal Quality Index (SQI) of more than 80%. BIS data exceeding the quality 
signal index or EMG threshold were excluded from the analysis. 
A 15-minute sample of BIS values was obtained with a sample rate of five 
seconds prior to the termination of the continuous infusion of sedatives. The 15-
minute BIS recording (180 samples) had to contain at least 75% valid values, 
otherwise the sample time was extended until the desired objective was 
obtained. BIS values were recorded directly via a computer interface and stored 
for off-line analysis. The BIS display was blinded for all involved in patient care. 

Clinical sedation scores 
The Sedic score is a very simple sedation score, used and developed locally. 
Sedation depth is assessed by applying a stimulus and rating the response 
separately (appendix). The stimuli are applied in a denoted order, starting with 
the weakest stimulus and followed by firmer stimuli until the patient shows a 
reaction, i.e. a defined minimal response. The sum of stimulus rating and 
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response at that point expresses the sedation level. These sum scores are 
interpreted as follows: 2, not sedated; 3-4, lightly sedated; 5-7, moderately 
sedated; 8-9, deeply sedated and 10, anesthetized. A patient is considered 
awake if he or she is responding adequately towards a normally spoken call, i.e. 
positive response to the lowest stimulus (score 2). The main purpose of this 
score is to prevent oversedation. The Sedic is the standard sedation score in our 
ICU and was assessed by the attending nurse before the BIS values were 
measured. 

The Ramsay scale 
The Ramsay scale is a well-known and commonly used sedation scale in the ICU 
and measures sedation on a scale from 1 to 6. The score involves one level for 
agitation (level 1), one level for calm and awake (level 2) and four levels for 
increasing sedation (levels 3 to 6) (appendix). 10, " One of the authors (JMB) 
assessed the Ramsay shortly after the BIS was measured. 

Patient and sedation characteristics 
Data were collected on gender, age, and length of stay in the ICU and referral 
specialty. Upon admission (within 24 hours), the severity of illness was obtained 
using the Acute Physiology And Chronic Health Evaluation score (APACHE II) .1 2 

The duration of mechanical ventilation, duration of sedative drug administration, 
and the cumulative dose of sedatives administered were recorded. Before 
termination of the sedatives, infusion rate, BIS values and, clinical sedation 
scores were recorded. After termination of sedatives the wake-up time was 
recorded. 

Analysis 
Patient and clinical sedation characteristics were summarized using descriptive 
statistics. If suitable statistical uncertainties are expressed by 95% confidence 
limits (95% CL). 
Univariate correlations between BIS and sedation scores were analyzed with 
Spearman's rank-order correlation. With regard to patient and sedation 
characteristics, potential explanatory factors for wake-up time were identified at 
a univariate level with the Spearman's rank-order correlation coefficient 
(p<.0.20). Significant patient and sedation characteristics, the clinical sedation 
scores, and the BIS were consecutively added as four separate blocks into the 
multiple regression model using the enter method. The predictive ability of the 
variables concerned was expressed as variances explained (R2). 

Results 

Forty-six patients were included into the study (Table 1). The indication for 
sedation in all patients was the need to maintain or improve ventilator synchrony 
during the initial phase of their ICU treatment. 
On average, patients received mechanical ventilation during 87% (95% CL 
83/91) of their total length of ICU stay. Patients were awake during the majority 
of t ime on the ventilator. 
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The med ian ( IQ range) du ra t i on of sedat ive d rug admin is t ra t ion was 35 (22 / 84) 
hou rs . Fol lowing cessat ion of sedat ives the pat ients needed 3 6 % ( 9 5 % CL 26 / 
4 7 ) o f t he preced ing sedat ion period (hours) to wake up. 
The cor re la t ion be tween BIS values and Sedic scores was r - 0 . 6 2 , p < 0 . 0 0 1 , 
be tween BIS and the Ramsay scores r - 0 . 6 0 , p < 0 . 0 0 1 , and be tween Sedic and 
Ramsay scores r 0 .78 , p < 0 . 0 0 1 . 

Table 1) Patient characteristics (n = 46) 

Male * 

Age f 

Length of stay ICU (days) ' 

Referral specialty: medical * 

Referral specialty: surgery * 

Referral specialty: cardiosurgery * 

Apache I I score ; 

Duration of mechanical ventilation (hours) ' 

Duration of sedative drug administration (hours) * 

Total number of dose sedatives administered 

Infusion of sedatives per hour (ml) * 

Infusion rate of sedatives before termination ( 

BIS values before termination of sedatives ' 

Sedic score before termination of sedatives : 

Ramsay score before termination of sedatives 

Wake-up t ime following cessation of sedatives 

!; 

ml)! 

* 

(hours) * 

76% (35/46) 

58.3 (20.3) 

11 (7/20.5) 

37% (17/46) 

4 3 % (20/46) 

20% (9/46) 

1 8 ( 6 ) 

212 (112/431) 

35 (22/84) 

167 (93/393) 

5 .3(2 .6) 

3 .5 (2 ) 

5 6 ( 1 6 ) 

7 (4/9) 

6 (4/6) 

U (5/19) 

* %(n /N ) ; 'mean (standard deviation); ' median (IQ range); § sedatives 
continuous infusion of 1 ml = 1 mg midazolam and 1 mg morphine 

Based on the un iva r ia te analys is the fo l lowing six var iab les (s igni f icance at p <. 
0 .20 ) were en te red in to the model : male , age, Apache I I score, hours of being 
s e d a t e d , per iod of sedat ion as propor t ion of ven t i l a t i on , and mean a m o u n t of 
sedat ives admin i s te red (in ml_). 
Resul ts of t he mu l t i p le l inear regression analysis are shown in table 2. The 
pa t i en t and sedat ion character is t ics alone exp la ined 4 1 % of the var iance in 
w a k e - u p t i m e . Add ing the Sedic score improved the pred ic t ive abi l i ty of t he 
mode l w i th 1 1 % , th is in cont ras t to the Ramsay scale, wh ich added 1 % to t h e 
va r iance exp la ined in w a k e - u p t ime. 
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Finally, after entering the BIS in both models 14% (Sedic score) and 20% 
(Ramsay scale) of the variance explained improved. 

Table 2) Predictive ability of patients, clinical sedation scales and BIS. Model 1 
adds the BIS to the use of the Sedic score, model 2 adds the BIS to the Ramsay 
scale. 

Model 1 

Patient and sedation characteristics + 

Sedic score added 

Sedic score and BIS added 

R2* 

4 1 % 

5 2 % 

66% 

R2Change 

4 1 % 

1 1 % 

14% 

P (F change) 

< 0.001 

0.003 

<0.001 

Model 2 

Patient and sedation characteristics " 

Ramsay score added 

Ramsay score and BIS added 

4 1 % 

4 2 % 

6 2 % 

4 1 % 

1 % 

20% 

<0.001 

0.164§ 

<0.001 

* Adjusted R2. § Non-significant. r (3 factors of basic clinical characteristics: 1) sex 
p - 0 . 2 1 § ; 2) age p 0.42; 3) Apache I I score p 0.29; 4) hours being sedated p -
0.34; 5) hours being sedated as the proportion of hours ventilated p -0 .38 ; 6) 
mean ml sedatives administered p - 0 . 1 1 § 

Assumptions in terms of linearity, equality of variance and normality were met. 

Discussion 

The a im of th is s tudy was to invest igate t he add i t iona l va lue of the Bispectral 
index to predict the wake-up time of mechanically ventilated intensive care 
patients in conjunction with two clinical sedation scales (the Sedic scale and the 
Ramsay scale). 
The BIS in conjunction with the Sedic scale were found to be the best predictor 
of the time needed to wake up after sedative drug administration with a variance 
explained of 66%. Interestingly, the Ramsay score had no predictive ability, only 
after the BIS was added the predictive ability proved to be significant. 
In our attempt to avoid confounding, we excluded patients likely to have an 
impaired clearance of sedatives. Patients with altered renal function may have 
influenced pharmacokinetics in our study.13, 14 Unfortunately, no gold standard 
exists to quantify altered renal function in critical care patients.15 As a result, we 
excluded patients on renal replacement therapy. 
Demonstrating the validity of the BIS as a diagnostic tool is complicated by the 
absence of a gold standard for sedation depth. The use of wake-up t ime as an 
external predictive criterion is an improvement compared to the data obtained 
from correlation studies between BIS level and simultaneously measured levels 
of clinical sedation scores that were used until now.8 , 1 6"2 1 

Correlations reported between the BIS and the Sedation Assessment Scale (SAS) 
vary from a very low r 0.21 to an r 0,69.16 ,21 Literature regarding the use of BIS 
in the ICU is limited and includes both sedated and unsedated patients - for 
instance, to predict outcome from neurological conditions22,23, or to discriminate 
between qualities in the assessment of a delirium.24 
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The biological plausibility of the BIS was demonstrated in healthy volunteers by 
its correlation with the cerebral metabolic rate (imaged by positron emission 
tomography) and sedation.25 In that study changes in BIS during different 
levels of sedation and light anesthesia paralleled the reduction in global cerebral 
metabolism. Reduction of whole-brain metabolic activity was dose-dependent 
and decreased in a linear fashion. 
The main purpose of the use of the BIS in the ICU is to prevent oversedation 
especially in patients receiving prolonged sedation and/or in patients with 
multiple organ failure resulting in unpredictable pharmacokinetic or 
pharmacodynamic response. This in contrast to its use on the operating theatre 
where the primary indication is to detect underdosage resulting in awareness. 
The fear for awareness in situations when sedation depth is not monitored may 
on the other hand also result in relative overdosage of agents. 
For instance in a randomized-controlled, blinded multicenter trial it was 
demonstrated that BIS guided titration of hypnotic agents during anesthetic 
maintenance speeded the emergence and recovery from anesthesia while the 
use of hypnotics was reduced.26 

A possible drawback of the BIS technique in the ICU was revealed by Vivien and 
coworkers. They demonstrated a possible inaccuracy of BIS measures by 
showing that BIS values lowered after the use of a neuromuscular blocking agent 
in mechanically ventilated ICU patients.27 The extent of overestimation by the 
BIS was correlated with both BIS and EMG activity prior to the administration of 
the neuromuscular blocking agent. The largest decrease in BIS values occurred 
in the higher BIS regions, meaning when patients were relatively awake. In our 
study, the patients were more deeply sedated when the BIS value was obtained, 
with less interference of spontaneous muscle activity. In addition, BIS values 
were only recorded when EMG activity was below the threshold of 50%. 
In this study we demonstrated the added value of using the BIS as an indicator 
of sedation depth in combination with clinical sedation scores. Subsequent 
studies will have to reveal whether BIS monitoring combined with the use of a 
clinical scale will be able to reduce the incidence of oversedation and their clinical 
implications. 
Future research may indicate monitoring techniques tailored towards selected 
groups of patients. For instance, the use of sedation scales in patients requiring 
light levels of sedation. The use of daily wake up calls in patients able to cope 
with the challenge of being on mechanical ventilation without sedation. And 
finally the use of both clinical sedation scales and the BIS in those patients in 
which a wake-up test may be accompanied by an unacceptable risk of an 
adverse event. 
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Chapter 10 

Summary and closing remarks 



Summary 

In this thesis we studied three issues in ICU nursing care: patient safety, 
and nutrition and sedation proceedings. The first issue concerns the 
translation of nursing care variation into an instrument that measures 
patient safety. The essence of this instrument - the "Critical Nursing 
Situation Index" (CNSI) - is its capability to focus on deviations from good 
clinical practice (protocols) that may potentially lead to an adverse event 
(Chapter 2). The interobserver reliability and construct validity when using 
the CNSI proved to be substantial (Chapter 3). In Chapter 4 we used the 
CNSI as outcome measure to study changes in patient safety due to the 
introduction of a second nursing level in the ICU to relieve the workload of 
ICU nurses. We concluded that this introduction resulted in a significant 
risk reduction and thus in an increase in patient safety. This positive effect 
can primarily be explained by the increase in available nursing time. 

The constant monitoring of vital functions provides direct feedback on 
important parameters (such as blood pressure, respiratory parameters), 
but distracts nursing attention from other less impressive yet equally 
important aspects of care (such as optimal feeding procedures). Due to a 
major shift from parenteral to enteral nutrition in our ICU over the past 
ten years, we investigated the success of enteral nutrition in terms of 
feeding intake, which revealed an unsatisfactory feeding process (Chapter 
5). 
As the one-liter feeding container has been reported as an important 
device for improving the feeding intake, we prospectively studied the 
bacterial safety of this container in the intensive care environment. 
The results indicated that administration sets become contaminated 
trough retrospective growth of endogenous bacteria. The rate of 
contamination increased in time and severity of illness. Since only 
frequently manipulated containers showed bacterial growth, we assumed 
that bacterial transfer from nurse's hands is an important factor (Chapter 
6). 
Therefore, we compared the bacterial safety of the current standard 0.5-
liter feeding bottles with another one-liter feeding delivery system and 
container specially designed to reduce the chance of touching 
(contaminating) critical areas. 
In contrast to the previous results the second alternative new one-liter 
feeding container showed a minimal chance of contamination by the 
touching of critical areas and therefore seems suitable for a longer hang-
t ime of 24 hours (Chapter 7). 
Based on these studies we conclude that suboptimal quality of nursing 
care is related to bacterial contamination of feeding devices, which is a 
major factor in a failing feeding process. 

The repeated incidence of over-sedated patients indicates that the nursing 
part of the sedation protocol in the AMC (Amsterdam, The Netherlands) is 
not effective. We therefore investigated both a clinical assessment scale 
and a continuous monitoring device to assess the patient's sedation level 
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in two different studies. These two studies were the first in which 't ime-to-
wake-up' was used as the dependent variable for detecting factors of 
optimal sedation policy. The clinical scale that was constructed- the 
Sedation intensive care (Sedic) score - consisted of five levels of stimuli 
and five levels of responses. Besides an excellent reliability, we were 
largely able to predict the wake-up time with the use of the Sedic. 
Comparisons between the Sedic score and the frequently used Ramsay 
score showed a ceiling effect for the latter (Chapter 8). In a prospective 
cohort study, we examined the additional value of the Bispectral (BIS) 
index - an EEG-derived technique - for predicting wake-up time after 
sedation. The results revealed that wake-up time was best predicted by a 
combination of BIS and Sedic scores. 

Closing remarks 

In contrast to other caregivers, who are present only on an intermittent 
basis, the nurse is a constant factor in intensive care. Nurses perform 
approximately 90% and physicians approximately 10% of all ICU activities 
(Donchin 1995, Chapter 4). Most ICU nursing care, however, is subject to 
large practice variation and is rarely evidence-based (Introduction). 
Protocols are an essential part of the studies described in this thesis. With 
regard to patient safety we focused on potential adverse events resulting 
from protocol deviations; with regard to enteral nutrition and sedation 
strategies we found that the routinely used protocols were unsatisfactory 
because they could not prevent underfeeding and oversedation. 
The importance of protocols is not surprising since they provide the 
essential structure for ICU nursing activities. Due to the rapid 
development of the medical technology, nurses increasingly adopt tasks 
that initially belonged to the physician's domain. As this transfer of tasks 
takes place physicians still feel responsible for the quality assurance and 
therefore define explicit protocols, thereby putting up boundaries for 
nursing independence. Although necessary, the consequence of protocol-
driven care is that the frequent application of protocols leads to routine 
care, which reduces the critical attitude of the nurse. Hence, nurses do not 
always perceive the need to critically appraise the tenability of the 
protocols and, consequently, their routine activities and related outcomes. 
Because routine nursing care no longer belongs to the medical domain, 
physicians seldom feel invited to suggest that it should be improved. 

Fortunately, there is a growing interest among ICU nurses to improve the 
quality of their performance. More and more nurses express their doubts 
about the rationale of specific parts of nursing practices. Therefore, 
directions for future research should focus on making nursing care 
accessible for evaluation research. It is expected that the implementation 
of evidence-based principles will be stimulated by changes in the nursing 
domain. 
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This again refers to the constant transfer of medical tasks to nurses: the 
nursing domain will contain/involve increasingly more care, which is of 
direct influence on patient outcomes. This development will inevitably lead 
to a more accountable form of evidence-based nursing care. 

132 



133 



134 



Samenvatting 
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Samenvatting 

In dit proefschrift worden studies gerapporteerd over patiëntveiligheid, 
voeding en sedatie, drie problemen uit de intensive care verpleegkunde. 
De eerste studies bespreken hoe op basis van variatie in de 
verpleegkundige zorg een instrument werd ontwikkeld dat 
patiëntveiligheid meet. Uit een inventarisatie van variatie in de zorg 
(afwijkingen van richtlijnen, protocollen en standaarden) zijn 
observeerbare afwijkingen geselecteerd die potentieel tot adverse events 
kunnen leiden (Hoofdstuk 2). De essentie van dit instrument -the Critical 
Nursing Situation Index (CNSI)- is dat deze observeerbare afwijkingen in 
de zorg vertaald zijn naar onveiligheid voor de patiënt. Uit ons onderzoek 
bleek de betrouwbaarheid van de CNSI goed te zijn terwijl de construct 
validiteit in voldoende mate kon worden bevestigd (Hoofdstuk 3). De CNSI 
is bruikbaar als afhankelijke variabele in een studieopzet waar 
veranderingen in de zorg in staat worden geacht een bedreiging voor de 
patiëntveiligheid te zijn. In hoofdstuk 4 rapporteren wij een studie waarin 
de invloed van een tweede verpleegkundig niveau op de patiëntveiligheid 
wordt onderzocht. Deze introductie bleek te leiden tot een belangrijke 
risico reductie en dus een verbetering van de patiëntveiligheid. Dit effect 
in termen van CNSI scores bleek voornamelijk te verklaren uit de 
toename van de beschikbare zorgtijd per patiënt. 

Een belangrijk deel van de intensieve zorg omvat de continue monitoring 
van de vitale patiëntparameters (voornamelijk circulatoire en respiratoire 
parameters) hetgeen veel tijd en aandacht van de verpleegkundige 
vraagt. De prioritering die verpleegkundigen (onder tijdsdruk) in hun 
activiteiten aanbrengen gaat ten koste van minder dwingende zorg zoals 
bijvoorbeeld het voedingsproces. Voedingstechnieken voor IC-patiënten 
zijn de laatste jaren sterk veranderd. De vroegere voorkeur voor het 
gebruik van de parenterale route is veranderd in het prominent gebruiken 
van de enterale voedingsroute. Deze enterale voedingstechniek bestaat 
uit voornamelijk verpleegkundige handelingen. Gedurende een registratie 
van één jaar onderzochten wij het succes van de enterale voeding. 
Uitgedrukt als de mate van overeenkomst tussen het voedingsvoorschrift 
en de werkelijke intake bleek dit een onvermoed teleurstellend resultaat 
op te leveren (Hoofdstuk 5). 
Een eenvoudige interventie ter verbetering van de voedingsintake is het 
gebruiken van 1-liter voedingcontainers i.p.v. de standaard 0,5- liter 
flessen. In een prospectieve studie hebben wij de bacteriologische 
veiligheid van deze containers tijdens gebruik in de intensive care 
omgeving onderzocht. De resultaten wezen op retrospectieve 
bacteriologische groei van endogene bacteriën. De contaminatie nam toe 
naarmate de patiënt zieker was en de voeding langer duurde. Opvallend 
was dat alleen de door de verpleegkundige gemanipuleerde containers 
bacteriologische groei lieten zien hetgeen de overdracht van bacteriën 
door de handen van de verpleegkundige aanwijst als een belangrijke 
factor (Hoofdstuk 6). In een vervolg op deze studie hebben we de 
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standaard 0,5-liter sondevoedingflessen vergeleken met een ander, als 
ideaal gepresenteerd voedingssysteem (zodanig ontworpen dat de naald 
en insteekplaats niet meer aangeraakt hoeven te worden) wederom in 
termen van bacteriologische veiligheid. 
In tegenstelling tot de voorgaande studie liet het nieuwe systeem een 
minimale kans op contaminatie zien. Hierdoor is dit systeem ook 
geschikter voor een aanhangtijd van 24 uur (Hoofdstuk 7). 
De kwaliteit van verpleegkundige zorg kan gezien worden als een 
belangrijke determinant voor het slagen van het voedingsproces en het 
optreden van contaminatie van sondevoeding en/of het 
toedieningssysteem. 

Het regelmatig voorkomen van oversedatie bij IC patiënten was voor ons 
een sterke indicatie dat het inschatten van de sedatiediepte (het 
verpleegkundig deel van het sedatie protocol, AMC, Amsterdam) niet 
functioneert. Twee methoden voor het inschatten van de sedatiediepte 
werden onderzocht: een klinische observatieschaal en een continue 
weergave van de sedatiediepte op basis van een gemodificeerde EEG 
afleiding, de Bispectral index (BIS). In deze twee studies hebben wij de 
tijd die de patiënt nodig had om wakker te worden na het stoppen van de 
sedatie gebruikt als afhankelijke variabele zodat de invloed van 
onafhankelijke factoren gekwantificeerd kon worden. 

Een klinische observatieschaal werd ontwikkeld -de sedatie intensive care 
(SEDIC) score- bestaande uit 5 niveaus ordinaal georiënteerde stimuli en 
5 gerelateerde niveaus van respons. De SEDIC heeft een uitstekende 
betrouwbaarheid terwijl het instrument in staat bleek om de ontwaaktijd 
van de patiënt in voldoende mate te voorspellen. Na een vergelijking 
tussen de Ramsay en de Sedic bleek de eerste een belangrijk plafond 
effect te vertonen ten opzichte van de SEDIC (Hoofdstuk 8). In een 
prospectieve vervolgstudie onderzochten we de toegevoegde waarde van 
de Bispectral index -een gemodificeerde EEG afleiding- voor het 
voorspellen van de ontwaaktijd. De resultaten lieten zien dat het 
gecombineerde gebruik van de Sedic en de BIS tot de beste voorspelling 
van ontwaakduur leidde (Hoofdstuk 9). 

Afsluitende opmerkingen 

De verpleegkundige is de enige continue factor aan het bed van de IC-
patiënt. Van alle voorkomende zorgactiviteiten op de IC wordt bijna 90% 
door verpleegkundigen uitgevoerd (Donchin 1994, hoofdstuk 4). Een groot 
deel van deze verpleegkundige zorg wordt gekenmerkt door grote variatie 
in uitvoering waarbij het ontbreekt aan "evidence" (Inleiding). Protocollen 
vormen een essentieel onderdeel van de zorg. In het geval van 
patiëntveiligheid functioneren zorgprotocollen als bron voor het definiëren 
van observeerbare afwijkingen van goede zorg met een expliciet verhoogd 
risico op een adverse event. Met betrekking tot de voeding en sedatie van 
IC-patiënten vonden wij dat de huidige routinematig gebruikte protocollen 
leiden tot onvoldoende resultaten, zoals ondervoeding en oversedatie. 
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Dankzij de structuur van protocollen kunnen verpleegkundigen snel 
handelingen en technieken uit de geneeskunde adopteren. De verplaatsing 
van medische handelingen naar het verpleegkundig domein vindt continue 
plaats en is het gevolg van de voortdurend groeiende medische 
technologie en het daaruit voortvloeiende beheersprobleem. De blijvende 
medische verantwoordelijkheid voor de uitvoering van zorg komt o.a. tot 
uiting in de betrokkenheid van artsen in het opstellen van expliciete 
protocollen voor medisch handelen door verpleegkundigen. Protocollen die 
frequent worden uitgevoerd leiden tot routinematig handelen. Een 
ongewenst effect hiervan is dat de kritische scherpte in deze zorg verloren 
gaat. Het effect van routine is dat de prikkel om het handelen te blijven 
toetsen verdwijnt. Daarbij wordt verpleegkundig handelen zelden 
beoordeelt op zijn (harde) uitkomsten. Als verpleegkundig handelen 
eenmaal een routinematig karakter heeft verworven wordt het ook zelden 
nog door artsen aan een kritische evaluatie onderworpen. 

IC-verpleegkundigen raken meer geïnteresseerd en betrokken bij het 
verbeteren van de kwaliteit van zorg. Dit uit zich mede door de twijfel die 
wordt uitgesproken over de onderbouwing en het nut van bepaalde zorg. 
Voor het veranderen van een twijfelende in een onderzoekende 
verpleegkundige discipline kunnen de principes van de "evidence based 
practice" (EBP) van dienst zijn. Implementatie van EBP op de IC zal mede 
gestimuleerd worden door de druk van de zich voortdurend expanderende 
medische zorg en de noodzaak om keuzes te maken met betrekking tot de 
daaruit voortkomende verpleegkundige zorg. Dit proces van het 
gedwongen maar onderbouwd keuzes maken zal bijdragen aan het 
vermogen van de verpleegkundige discipline om rekenschap af te leggen 
over hun handelen en de bereikte resultaten. 
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Appendix 

Chapter 2, 3 and 4 

The CNSI 

Basic ICU nursing care ( 1 4 items) 
1 No inventory of bacterial cultures upon transfer from another hospital 
2 Bacterial culture delayed for more than 2 hours (despite written arrangement) 
3 No risk of pressure sores assessment 
4 Entrance of the isolation room is not marked as such 
5 Patient's eyes are clearly contaminated 
6 Incorrect use of Glasgow Coma scale 
7 Patient is not mobilised according to instructions 
8 Patient's position is not in agreement with instructions 
9 No defecation for more than 3 days, no intervention (day 4) 
10 No collection of urine production for assessment of fluid balance 
11 No records of earlier shift (48 hrs) 
12 No records on family or relatives 
13 No records on patient's length and body weight on the ICU chart (all ICU charts) 
14 No up-to-date temperature list (past 48 hrs) 

Mechanical venti lat ion ( 2 0 i tems) 
15 Discrepancy between registration and actual tuning of mechanical ventilation 
16 No hourly intrinsic PEEP during pressure-controlled ventilation 
17 No manual inflation according to protocol 
18 No endotracheal suction according to protocol 
19 No clear marking of changes in tuning of mechanical ventilation 
20 Relocation of endotracheal tube not according to protocol 
21 No blood gas sample taken within 1 hour after removal of endotracheal tube 
22 Inhalation therapy during mechanical ventilation not in agreement with instructions 
23 Change of patient's position in bed not according to protocol 
24 Visible condensate between the tubal connection and the endotracheal tube 
25 Condensate piled up in tubes 
26 Visible condensate in the heated wire (inspiration) tubes 
27 Humidifying system does not function (is switched off) 
28 No pulsoxymetric and capnographic monitoring of patient in the prone position 
29 No connection to a closed endotracheal suction system of patient in the prone 

position 
30 No water set with connected oxygen tubing in basic ICU set-up (backup in case of 

malfunctioning venti lator) 
31 No complete (and functioning) endotracheal suction system in basic ICU set-up 
32 No sterile NaCI solution for endotracheal flush in basic ICU set-up 
33 Incorrect flow tuning during mechanical ventilation in assisted spontaneous breathing 
34 Maximum pressure tuning of mechanical ventilation exceeds prescribed limits 

In t ravenous lines ( infusion and measurement; 10 i tems) 
35 No record of introduction central venous line 
36 No record of introduction arterial line 
37 Swan Ganz catheter in situ for more than 4 days 
38 Central venous line in situ for more than 6 days 
39 Arterial access in situ for more than 6 days 
40 One or more (red) caps missing on arterial access 
41 One or more caps missing on the Swan Ganz catheter 
42 One or more caps missing on peripheral line 
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43 Empty flush bag in line pressure system 
44 Insufficient pressure on flush bag 

Administration of fluids (5 i tems) 
45 No six-hourly assessment of fluid balance 
46 Packed cell bag is connected to the patient without PC number registration 
47 Packed cell bag is not checked and endorsed by a second nurse 
48 Flush system is not or incorrectly measured on the fluid balance of the ICU chart 
49 Not all infusions of the patient are recorded on the ICU chart 

Cardiac rhythm and circulation ( 8 i tems) 
50 No routine ECG made on admission 
51 Arterial blood pressure not checked against sphygmomanometric pressure (past 24 
hours) 
52 No hemodynamic profile made of patient with a Swan Ganz catheter 
53 Incorrect monitoring of cardiac rhythm (frequency) 
54 Sound alarm for heart rhythm is permanently switched off 
55 Sound alarm for pressure curves is permanently switched off 
56 Alarm margins of hearth rhythm and arterial pressure not adequately adjusted 
57 Reference point and pressure device not installed at the correct height 

Medication ( 1 0 i tems) 
58 Prescribed medication(s) not administered or endorsed 
59 Prescribed IV medication for prolonged administration not connected 
60 Discrepancy between actual and prescribed ml/hour for IV medication 
61 Connected prolonged IV medication not recorded on the ICU chart 
62 Prepared IV medication not double-checked and endorsed according to protocol 
63 No supportive continuous flush infusion in patient with cardiogenic medication 
64 Unused lumina of infusion lines are not capped 
65 IV medication connected with wrong lumen 
66 IV medication for solitary infusion combined with other medication 
67 IV medication combined with an intermittent flush instead of a continuous flush 

Enteral nutrition (6 i tems) 
68 No record of introduction feeding tube 
69 No retention measurement during gastric tube feeding 
70 Intake of prescribed tube feeding less than 75% without specific reason 
71 Duodenal tube not flushed according to instructions 
72 Change of tube feeding exceeds allowed time 
73 Patient is in horizontal position while receiving gastric tube feeding 

Hygienic care and control of parts and devices ( 1 1 i tems) 
74 Vacuum device of thoracic drain leaks air 
75 Waterseal of thoracic drain device is missing or insufficient 
76 Inhalation devices not renewed according to protocol 
77 Closed endotracheal suction system not renewed according to protocol 
78 Mechanical ventilation equipment not changed according to protocol 
79 Infusion system for total parenteral feeding not renewed according to protocol 
80 Bandage of central intravenous line not renewed according to protocol 
81 Bandage of arterial line not renewed according to protocol 
82 Intravenous and intra-arterial pressure lines not renewed according to protocol 
83 Standard infusion systems not renewed according to protocol 
84 Bandages of introduction sites for infusion not renewed according to protocol 
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Chapter 5 

Appendix 

Protocol outl ine: enteral nutrit ion in the ICU 

Criterion Action 

Feeding schedule Start 20 ml / hour 
Increase 20 ml per day (day 1 to 
5) 

Optimal 100 ml per day 

EN* in first 12 hour GRT every 3 hours 

GR < 200 ml GR every 6 hours 

GR < 200 ml Return GR to the patient 

GR > 200 ml Discard GR, consult intensivist to 
start prokinetics 

Prokinetics > 12 hours GR > 200 reduce EN rate 

Prokinetics and Place duodenal tube 
reduced EN rate and 
GR > 200 ml / 6 hours 

EN visible in month Stop EN 

Patient is vomit ing Stop EN 

Symptoms of Stop EN 
aspiration 

* EN: Enteral Nutr i t ion; ~GR: Gastric Retention 

Chapter 8 and 9 

Appendix) Content of the Sedic scale. Stimulus is applied until the first defined 
response is noticed. 

Stimulus Score Response Score 

Eyes open, squeeze hand on request 1 

Rousable, is able to focus and hold attention 2 

Difficult to arouse; immediately falls back to 3 
sleep 

Only facial or motor expression 4 

No response at all (motor or facial) 5 

Spoken request 

Loud call 

Tap on the 
forehead 

Shake shoulder 

Nail bed pressure 

1 

2 

3 

4 

5 

In te rpre ta t ion of sum scores: 2 = not sedated; 3-4 = lightly sedated; 5-7 = 
moderately sedated; 8-9 = deeply sedated; 10 = anaesthetised 
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Appendix 1) Ramsay Scale 

1 Anxious and agitated or restless or both 

2 Cooperative, oriented, and tranquil 

3 Responding to commands only 

4 Brisk response to to light glabelar tap 

5 Sluggish response to light glabelar tap 

6 No response to light glabelar tap 






