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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. 
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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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