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Effects of a major structural change to the intensive care unit
on the quality and outcome after intensive care
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Background: Changes in structure may affect outcome after intensive care in various ways. Both closed (as
opposed to open) units and the number of nurses have been shown to affect outcome.
Objective: To study the effects of temporarily moving an intensive care unit (ICU) on various indicators of
outcome and quality of care.
Methods: Because of rebuilding, over a period of 8 months our ICU was moved to an adjacent
postoperative area. The 12 month periods immediately before and after the rebuilding were chosen as
reference periods. Routinely collected data such as length of stay, ventilator time, readmission rate,
severity score (SAPS II), and observed mortality were used for comparison.
Results: Using variable life adjusted display (VLAD), an increase in hospital mortality was observed during
the 8 month rebuilding period. This was also found using Kaplan-Meier estimates of survival and
standardised mortality ratio.
Conclusion: Structural change to our ICU was probably the major cause for the observed change in
mortality.

C

hanges in structure may affect outcome in various
ways. In intensive care, the change from an open to a
closed unit—that is, with dedicated doctors in charge of
the unit—has an impact on mortality.1 2 Other factors, such
as the number of intensive care nurses,3 4 workload,5 and
availability of relevant equipment,6 have also been shown to
affect outcome. Data on the impact of temporarily moving an
intensive care unit (ICU) from one place to another within
the hospital have not been found.
In 2001/2 our ICU was totally rebuilt and it was necessary
to move to a temporary area for 8 months in order to provide
intensive care facilities. The possible effects of this change of
locality were investigated retrospectively and are reported
here. The primary objective was to analyse short and long
term mortality data using standardised mortality ratios
(SMR), Kaplan-Meier survival analysis, and variable life
adjusted display (VLAD).

METHODS
The study was performed in a mixed 10 bed, closed ICU in a
900 bed Norwegian university hospital. Intensivists run the
ICU with an average nurse to patient ratio of 1:1. The average
number of admissions is 400–450 per year, and the average
SAPS II severity score in the years 1999–2003 was 43.5
associated with a 19% mortality rate in the ICU and 29%
hospital mortality rate. The unit is well equipped and cares
for all types of patients with the exception of those with
burns and following organ transplantation. Within the
hospital there is a separate post-cardiac surgery ICU, a
cardiac care unit, and a special burns unit with an ICU.
Since 1994 a clinical database with prospective recording of
all intensive care patients (REGINA7) has been used in our
unit. The following information is stored in the database:
demographic data, length of intensive care and hospital stay,
relevant procedures with the length of time used, ICD-10
diagnosis, simplified acute physiology score (SAPS) II,8 nine
equivalents of nursing manpower use score (NEMS) for
resource utilisation9 and, from 2000, the daily sequential
organ failure assessment (SOFA) score.10 All patients are also
followed with regard to mortality for up to 1 year after
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discharge from the ICU. Since 1997 the unit has also
implemented a low threshold anonymous reporting system
for adverse events, defined as any events where treatment or
observation differed from the planned one.11
The hospital was built in 1983 and in 2000 we started
planning a major rebuild of the ICU within the confines of
the existing unit. This included a new electric power supply,
new sterile water delivery for haemodialysis, a new reception
area, new patient rooms with new design, an isolation area
with subatmospheric pressure, and ceiling mounted equipment arms. It was not possible to continue activity in the unit
during the rebuilding period, so a temporary move was made
to an adjacent area—one of the postoperative units with
seven monitored beds. We moved out in June 2001 and
returned to the new ICU 8 months later in February 2002. No
other major changes occurred during this period; staffing of
nurses and physicians remained the same (quantity and
quality). No major revision of treatment policy was introduced during this period.
One year after moving back to the new unit we decided to
analyse the effects of moving to another area for 8 months
using mortality and various quality measures routinely
observed and documented as described above. For comparison, we used two 12 month periods, one immediately before
(June 2000 to May 2001) and one after the 8 month period
(February 2002 to January 2003). Statistical process control
charts were used to evaluate ventilator time and length of
stay as previously described.12 The readmission rate and
reported adverse events were also analysed, as well as
mortality data with the SMR using the calculated SAPS
hospital mortality as the denominator.8 The number of cases
of ventilator associated pneumonia (VAP) were analysed to
reveal any changes in infectious morbidity during the
periods. The VLAD technique was used to highlight changes
during this period.13 For this, the individual SAPS II
estimated probability of dying in the hospital (pmortality)
Abbreviations: ICU, intensive care unit; SMR, standardised mortality
ratio; VAP, ventilator associated pneumonia; VLAD, variable life
adjusted display
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Before
Months
12
Admissions (n)
411
Mean age (years)
48.7
Planned surgery (%)*
9.8
Medical admission (%)*
37.1
Acute surgical admission (%)*
53.1
Mean length of stay (days, median)
4.5 (2.2)
Mean ventilator time (days, median)
3.7 (1.8)
VAP
18.0 %
SAPS II score (mean)
43.1
Intensive care unit mortality, n (%)
68/4111 (6.5)
Hospital mortality, n (%)
96/411 (23.4)
Hospital mortality differences, % (95% CI)
Before v during
9% (2 to 16.1)
After v during
3.6% (23.5 to 10.8)
SMR (95% CI)
0.75 (0.60 to 0.90)

During

After

8
259
51.7
9.2
38.4
52.4
4.6 (2.2)
4.0 (1.8)
15.8%
44.1
50/259 (19.3)
84/259 (32.4)

12
410
49.2
13.0
41.3
45.7
4.5 (2.0)
3.9 (1.7)
15.8%
43.7
84/410 (20.5)
181/410 (28.8)

1.04 (0.83 to 1.28)

0.95 (0.77 to 1.13)

VAP, ventilator associated pneumonia; SMR, standardised mortality ratio.
*According to SAPS II criteria.
Patients .18 years, first admission only.

RESULTS
The crude number of admissions with demographic data,
length of stay, ventilator time, SAPS II score, and mortality
data are shown in table 1. There were no obvious differences
in severity of illness, age distribution, or resource use such as
the length of stay or ventilator time between these three
periods. Run charts of length of stay, ventilator time, and
reported adverse events give values within 3 SD limits for all
three periods, with no obvious changes during the rebuilding
period. No changes were recorded in the frequency of VAP
(table 1). The SAPS II intake criteria were also similar, with
only minor changes occurring in the 12 month period after
rebuilding. The number of hospital deaths increased from 96/
411 (23.4%) before rebuilding to 84/259 (32.4%) during the
rebuilding (difference 9%, 95% CI from 2 to 16).
Correspondingly, the SMR increased from the period before
to during rebuilding, and was still increased in the period
after (differences within the 95% CI limits).
Figure 1 shows the VLAD in the three periods studied. The
change in performance during the 8 month rebuilding period
is clear. The variation is still there, but the trend during this
period is negative compared with the two other periods,
corresponding to an SMR slightly above 1 (table 1).
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Figure 1 Variable life adjusted display (VLAD) for the three study
periods: before (12 months), during (8 months), and after (12 months)
rebuilding of the intensive care unit.
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Figure 2 Kaplan-Meier survival estimates of the three cohorts studied:
before, during and after moving out of the intensive care unit (ICU).
Mortality is calculated from admittance to the ICU.

Figure 2 shows the 90 day Kaplan-Meier estimates of
survival from admission to the ICU; it can also be seen that
the cohort of patients treated during the period of rebuilding
follows a different path from that of the cohorts 12 months
before and after this period. The log rank test for curve trend
is significantly different (p = 0.0468) and the increased
mortality rate continues throughout the whole 90 day period.
Table 2 shows the readmission rate in the three periods.
The overall readmission rate (defined as readmission during
the following 3 months) is very similar, but the readmission
rate within 72 hours differs, with a higher frequency during
the period of rebuilding.

DISCUSSION
In this analysis of the performance and outcome in our ICU
during a period of rebuilding, we found a marked reduction
in survival rate compared with the 12 month periods before
and after rebuilding. This change in survival is most obvious
in the VLAD curve using the expected mortality rate from the
individual SAPS II scores, but is also shown by an increased
SMR and reduction in the 90 day Kaplan-Meier survival
curves.
The reasons for the temporary worse outcome for the
intensive care patients are not clear. The patients were from
the same geographical area (since we still functioned in the
same hospital), and the severity of illness did not change.
Other case mix differences could not be found, and the mean
age of the patients was approximately the same. We found no
differences in length of stay in the ICU or in ventilator time
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Table 1 Characteristics of the patient groups before (12 months before moving), during,
and after (12 months after moving back) rebuilding
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Readmission to the intensive care unit (within 3 months)

Number (%)
Median (days)
Mean (days)
Within 72 hours (%)

Before

During

After

37 (9)
5
12.9
9 (2.2)

25 (9.6)
3
10.1
12 (4.6)*

25 (6.1)
5
15.3
7 (1.7)

*Difference during v before: 2.4% (95% CI 20.5 to 5.4). Difference during v after: 2.9% (95% CI 0.08 to 5.8).

between the three periods, the reporting of adverse events did
not change, and the frequency of VAP was approximately the
same. The only ‘‘positive’’ finding was an increased readmission rate within 72 hours, and the median time for
readmission decreased from 5 to 3 days. Several team
members have retrospectively mentioned observing an
increased number of confused and agitated patients during
the period of rebuilding. This observation was not possible to
document because of the lack of a standard definition and
reporting of confusion in our ICU.
The major difference was the organisation of the unit—a
temporary unit set up in a nearby postoperative area. This area
consisted of one large room with six monitored beds and one
single room, in contrast to the four single and three double
rooms in the original unit. The distance to the storage area was
considerably increased, as was the distance to the offices,
rooms for reporting, rooms for relatives, and pausing facilities.
There is no learning curve with time; in fact, the results
deteriorated continuously during the period of rebuilding
(fig 1). After moving back to the new ICU the situation
improved after a period of approximately 2 months. In spite of
this, the results for the first 12 months after moving back did
not reach the same standard as in the original unit. Only in the
second 12 month period after moving back (February 2003 to
January 2004) did the outcome return to normal with an SMR
of 0.66 (data not shown).
We have not been able to find a similar experience in the
literature with reported changes in outcome dependent on
the physical area where the service is provided. The only
report we found of some similarity was from 10 Brazilian
ICUs where a greater availability of intensive care equipment
and services was significantly associated with a lower SMR.6
This change in outcome was not apparent to us until we
used the VLAD technique to analyse performance. Since the
8 month period of rebuilding took place over two separate
years, it was not obvious from the standard yearly reporting
that this period was different from the normal performance
for our ICU.
VLAD is a technique used in many different clinical
settings, but it has been particularly used to evaluate
cardiology and cardiac surgery units13 14 to have early
monitoring of variation in outcome. The VLAD technique
can be used to illustrate the cumulative outcome for a
hospital, a single unit, or an individual doctor (usually
surgeons). If performance is measured against a standard
(expected mortality), the curve will vary around zero if the
observed mortality is as expected; it will rise if better and fall
if worse than the standard. Although it is difficult to perform
statistical analysis on such a graph, the visual impression is
perhaps the more important one. The major difference in
SMR and VLAD is the element of time. The VLAD technique
displays outcome along a time axis and hence is more
sensitive to changes over time. Other methods are also used
to perform risk adjusted monitoring over time.15 The SMR, on
the other hand, aggregates mortality data in a defined period
and does not reveal changes within that time period.
The limits of this observational study are many. The
8 month period was probably too short for our unit to adapt
to the new situation. If more patients had been treated in the
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temporary ICU, this would have strengthened the differences
observed. We also have no information on the cause of death
of the patients after leaving the unit. More detailed data on
infectious complications and on confusion and psychosis
were impossible to retrieve using the retrospective approach.
The whole experience could also be an extreme variation
happening by chance, although the probability for a
spontaneous change as illustrated in the VLAD curve must
be very small. However, we cannot rule out the possibility
that this was a negative consequence of moving to a
temporary area not intended to be used as an ICU. If so, it
is a remarkable effect of a sudden change in structure on
patient outcome after intensive care.
The lesson to learn from this study is that sudden
structural changes may have an unexpected effect on an
anticipated normal outcome. It is probably wise to anticipate
a change, and to set up a prospective registration of outcome
data of interest. In intensive care, in addition to mortality
data, this should include time chart analysis of length of stay
and time on ventilator, specific complications (such as
nosocomial infections), and behavioural changes in the
patient population. The use of the VLAD technique is an
easy way to perform continuous monitoring of risk adjusted
mortality; it should be started before the changes in order to
create baseline values and continue throughout the period of
change. Any deviation should lead to prompt investigation to
find correctable reasons for a suboptimal performance.
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