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Abstract

Objective. To evaluate the predictors of prolonged Intensive Care Unit (ICU) stay and the impact on resource utilization.

Design. Prospective study.

Setting. Adult medical/surgical ICU in a tertiary-care teaching hospital.

Study participants. All admissions to the ICU (numbering 947) over a 20-month period were enrolled. Data on demographic
and clinical profile, length of stay, and outcome were collected prospectively. The ICU length of stay and mechanical
ventilation days were used as surrogate parameters for resource utilization. Potential predictors were analyzed for possible
association with prolonged ICU stay (length of stay >14 days).

Results. Patients with prolonged ICU stay formed only 11% of patients, but utilized 45.1% of ICU days and 55.5% of
mechanical ventilation days. Non-elective admissions, readmissions, respiratory or trauma-related reasons for admission, and
first 24-hour evidence of infection, oliguria, coagulopathy, and the need for mechanical ventilation or vasopressor therapy
had significant association with prolonged ICU stay. Mean APACHE II and SAPS II were slightly higher in patients with
prolonged stay. ICU outcome was comparable to patients with Ζ14 days ICU stay.

Conclusions. Patients with prolonged ICU stay form a small proportion of ICU patients, yet they consume a significant
share of the ICU resources. The outcome of this group of patients is comparable to that of shorter stay patients. The
predictors identified in the study can be used in targeting this group to improve resource utilization and efficiency of ICU
care.
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Research on Intensive Care Unit (ICU) outcomes provides a factor known to affect patient outcome. These issues
become all the more relevant in the context of the ongoingvaluable inputs in developing more improved models for

patient-centered outcomes, more robust predictions of re- global shortages of critical care nursing staff [6].
There is a need for optimizing an efficient distribution andsource use, better individual outcome prediction, and al-

ternative outcome predictions under different treatment use of ICU beds [7]. Collection, analysis, and interpretation of
relevant objective data on the utilization of ICU beds willparadigms [1]. Among the studies examining strategies to

improve quality and reduce costs by changing the way care help plan for reducing the length of ICU stay and facilitate
covering more patients who require this care. Identificationis provided to critically ill patients, attention has recently

focused on assessing patients with a prolonged length of stay of predictors of prolonged stay may help in determining the
proper timing of ICU discharge. It may also suggest the need(LOS) in the ICU [2–4].

Prolonged ICU stay can adversely affect the health status by for intermediate care units (IMCU) for ICU patients who are
stabilized and no longer need critical care, but are not stableincreasing the risk of infection, complications, and, possibly,

mortality [5]. Operationally, it impacts upon ICU bed avail- enough to be discharged to the floor.
There are many measures to assess ICU resource utilization.ability and results in cancellation of elective surgeries, leading

to long waiting times. The lead-time, defined as the time A simple and readily available measure is ICU LOS. Cost
analysis studies have found that the ICU cost per day perspent on the ward before ICU admission, is also prolonged,
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patient is remarkably consistent across most diagnoses [8]. were analyzed using the Kruskal–Wallis test, and median
values were reported. Categorical variables were expressed inTherefore, ICU LOS has been used as a surrogate measure

of resource utilization in the ICU [3,9–11]. Another measure absolute and relative frequencies, and were analyzed using
the �2 test. Univariate analysis was used to identify theis the duration of mechanical ventilation, as this is one of

the most common procedures in the ICU. significant predictors of prolonged ICU stay, and results were
expressed as odds-ratio (OR) and 95% confidence intervalThe study was planned as a prospective study to determine

the influence of certain factors as possible predictors of (CI). The P value was considered significant if it wasΖ0.05.
prolonged stay in the ICU and their impact on resource
utilization. It was expected that this would lead to some
practical suggestions for better utilization of the resources. Results

Profile of the study group
Materials and methods

Tables 1 and 2 detail the characteristics and clinical profile
of the study group.Study population and setting

Age and gender. Over the 20-month period, 947 patients
were admitted to the ICU. They ranged in age from 12 toThe King Fahad National Guard Hospital is a 550-bed tertiary-

care teaching hospital in Riyadh, Saudi Arabia. Its 12-bed adult 100 years, with a mean age of 49.1±20.3 years. Male patients
formed the majority (62.4%) of the study group.medical/surgical ICU is staffed with full-time Board-certified

intensivists, and has about 600 admissions annually. A com- Nature of admission. The majority of patients were admitted
for non-elective (emergency medical/surgical) reasons. Theprehensive database was developed to record prospectively data

related to admission, ICU course, and outcome. The hospital main reasons for admission are listed in Table 2 (see Appendix
for definitions).does not have an IMCU. It has a separate coronary care unit

and a cardiac surgical ICU; the patients admitted to these units Severity of illness and first 24-hour admission data. The study
group had a mean APACHE II score of 19±9, and a meanwere not included in the study.

This study included all consecutive admissions in this ICU SAPS II score of 38±20. The first 24-hour admission
characteristics are shown in Table 2. During the first 24over a 20-month period from March 1999 to October 2000.

Data analyzed included the demographics and the clinical profile hours, 478 (50.5%) patients required mechanical ventilation,
and 211 (22.3%) patients needed vasopressor therapy.of each new admission. These included: age; gender; main

reasons for ICU admission (see Appendix); the nature of Outcome. The ICU mortality rate was 20.4%; the majority
(89.6%) of deaths occurred in the first 14 days. Mortalityadmission—whether elective or emergency; whether it was a

first admission or a readmission; presence/absence of coma, rate among the patients with LOS >14 days did not differ
significantly from that among patients with LOS Ζ14 days.oliguria, coagulopathy, or infection, and the need for mechanical

ventilation or vasopressors in the first 24-hours; whether Non-elective cases had a significantly higher mortality rate
(23.14%) than elective cases (7.69%) (P<0.001).tracheostomy was done; and ICU outcome. ICU stay was

calculated as the number of calendar days from ICU admission
to discharge, and was considered prolonged if it exceeded 14 Utilization of resources
days. This cut-off point is consistent with other studies [3,12].

Figure 1 shows the distribution of patients by their ICU LOSTwo means were used to assess severity of illness: the Acute
and number of ventilation days.Physiology and Chronic Health Evaluation (APACHE) II score

ICU LOS. The study group utilized a total of 6392 ICU[13] and the Simplified Acute Physiology Score (SAPS) II [14].
patient-days. The LOS in the ICU ranged from 1 to 132Both are derived from objective and readily obtained clinical
days, with a mean of 6.7±10.4 days and median of 3 days.data reflecting physiological abnormalities in patients’ vital signs,
There were 104 patients with a prolonged ICU stay of >14derangements in laboratory values, patient age, presence of
days, forming 11% of the study group. Their mean ICU LOScomorbid conditions, and neurological impairment. Data for
was 27.7±2 days (median 21 days) as compared with a meangenerating the scores were collected prospectively using the
LOS of 4.2±3.2 days (median 3 days) in the case of thoseoriginal published protocols on all patients staying for [24
patients who had a LOS ofΖ14 days (P<0.001). The grouphours in the ICU [13,14].
with prolonged stay consumed 2880 ICU days, which formsThe ICU LOS and mechanical ventilation days were used
45.1% of the total ICU days.as surrogate parameters for resource utilization as described by

Ventilation days. The study group used a total of 4604other investigators.
ventilation days, which formed 72% of the ICU patient-days.
The ICU LOS had a high correlation with the durationStatistical analysis
of mechanical ventilation (r2=0.89, P<0.001) (Figure 2).
Patients with a LOS >14 days utilized 2556 ventilation days,The MinitabTM statistical software release-13 (Minitab Inc.)

was used for analyzing the data collected. Continuous variables and accounted for the majority (55.5%) of the total ventilation
days. All patients with an ICU LOS of >14 days requiredwere expressed as mean±standard deviation (SD). Con-

tinuous parametric variables were analyzed by analysis of ventilation, the mean ventilation duration being 23.8±39.1
days (median 17 days). In the case of patients with ICU LOSvariance (ANOVA). Continuous non-parametric variables

404



Predictors of prolonged ICU stay

Table 1 Demographic and clinical profile of patients in the study group [all values shown are n (%), except where indicated
otherwise]

All (n=947) ICU length of stay
.......................................................................................

Ζ14 days (n=843) >14 days (n=104) P value.............................................................................................................................................................................................................................
Age (years)1

12–44 391 (41.3) 349 (41.4) 42 (40.4) NS
45–64 309 (32.6) 274 (32.5) 35 (33.7) NS
[65 247 (26.1) 220 (26.1) 27 (26.0) NS

Gender
Male 591 (62.4) 518 (61.4) 73 (70.2) NS
Female 356 (37.6) 325 (38.6) 31 (29.8) NS

Type of admission
Elective 169 (17.8) 164 (19.5) 5 (4.8) <0.001
Non-elective 778 (82.2) 679 (80.5) 99 (95.2) <0.001

Severity of illness
APACHE II score 19±9 19±9 21±8 0.016
(mean±SD)
SAPS II score 38±20 37±20 43±16 0.003
(mean±SD)
Tracheostomy 113 (11.9) 52 (6.2) 61 (58.7) <0.001
ICU mortality 193 (20.4) 173 (20.5) 20 (19.2) NS

NS, not significant.
1Because of rounding, some of the percentages may not add up to 100% exactly.

Table 2 Possible predictors for prolonged stay and the associated odds ratios

No. of patients (%) ORs for prolonged stay
.......................................................................................

(n=947) OR 95% CI P value.............................................................................................................................................................................................................................
Non-elective admission 778 (82.2) 4.7 1.9–11.7 <0.001
Readmission 79 (8.3) 2.1 1.1–3.8 0.02
Main reason for admission

Surgical
Trauma 171 (18.1) 2.1 1.4–3.4 <0.001
Non-trauma surgical 231 (24.4) 0.3 0.1–0.5 <0.001

Medical
Cardiovascular 212 (22.4) 1.0 0.6–1.6 NS
Respiratory 159 (16.8) 2.2 1.4–3.6 <0.001
Neurologic 36 (3.8) 0.5 0.1–2.0 NS
Other 138 (14.6) 0.51 0.25–1.05 NS

First 24-hour data
Coagulopathy 345 (36.4) 1.5 1.0–2.3 0.05
Coma 156 (16.5) 1.5 0.9–2.5 NS
Infection 203 (21.4) 2.3 1.5–3.5 <0.001
Oliguria 124 (13.1) 1.8 1.1–3.1 0.02
Mechanical ventilation 478 (50.5) 1.9 1.3–2.9 0.03
Vasopressor therapy 211 (22.3) 1.8 1.2–2.9 0.007

OR, odds ratio.
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Figure 1 Distribution of patients by ICU length of stay (left) and ventilation days (right).

also statistically significant (P<0.001). Non-elective ad-
missions were significantly associated with prolonged stay
(OR 4.7, 95% CI 1.9–11.7).

Readmissions. Patients getting readmitted to the ICU were
more likely to have a prolonged LOS than patients admitted
for the first time (OR 2.1, 95% CI 1.1–3.8).

Main cause of admission. Patients admitted to the ICU for
respiratory and trauma-related causes were more likely to
have a prolonged ICU stay (OR 2.2, 95% CI 1.4–3.6, and
OR 2.1, 95% CI 1.4–3.4, respectively; P<0.001 in both
cases). With respect to non-trauma surgical cases, the reverse
was the case with an OR of 0.3 (95% CI 0.1–0.5). There was
a significantly lesser proportion of non-trauma surgical cases
among patients with a LOS of >14 days (P<0.001). For
cardiovascular and neurological conditions, there was noFigure 2 Correlation matrix of mechanical ventilation days
significant difference between the groups.and ICU length of stay.

First 24-hour data. Patients whose first 24-hour data revealed
infection, oliguria, coagulopathy, or the need for mechanical
ventilation or vasopressor therapy had a higher likelihood of
prolonged ICU stay (Table 2).

Ζ14 days, only 521 (61.8%) needed ventilation; the mean
Severity of illness. The group with a LOS of >14 days

number of ventilation days in their case was 9.1±4.1 (median had a slightly but significantly higher mean APACHE II
3 days). The differences between the two groups were stat- score (21±8) than the other group (19±9) (P=0.016).
istically significant (P<0.001). The former group also had higher mean SAPS II score

Tracheostomy was done in 113 (11.9%) patients. This (43±16) than the other group (37±20) (P=0.003). The
procedure was performed in a significantly higher proportion relationship between these two scores of severity of illness
(58.7%) of patients with prolonged stay than those with stay and ICU LOS is illustrated in Figure 3. The longest ICU
Ζ14 days (6.2%) (P<0.001). LOS is seen for patients with ‘intermediate’ severity of

illness, whereas patients with low and high APACHE II
Predictors of prolonged stay and SAPS II scores tend to stay for shorter periods, giving

the plot a bell-shaped appearance. To clarify the relationshipAge. There was no significant difference in the age of the
between severity of illness and ICU LOS further, wepatients when grouped according to the LOS.
identified the quartiles of APACHE II and SAPS II scores.Gender. The gender distribution in the two groups showed
We considered patients with scores below the first quartileno significant difference.
to represent low severity of illness; those with scoresType of admission. The ICU LOS of elective surgical patients
higher than the third quartile represented high severity ofand non-elective (emergency: medical and surgical) patients
illness, and those between the first and third quartileswere 4.8±9.7 and 7.1±10.5 days, respectively. This dif-
represented intermediate severity of illness. Figure 4 showsference was highly statistically significant (P<0.001). The
the proportions of patients with low, intermediate, andmajority (97%) of elective surgical cases had a LOS of Ζ14
high severity of illness according to ICU LOS. Thedays; only five patients (3%) stayed for >14 days compared

with 99 (13%) of the non-elective cases. This difference was prolonged ICU LOS group had fewer patients in the low
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Figure 3 Mean ICU length of stay for patients grouped by APACHE II scores (left) and SAPS II scores (right). Note the bell-
shaped appearance of the graphs. The longest ICU length of stay is seen in patients with ‘intermediate’ ranges of APACHE II
and SAPS II scores, whereas patients with low and high APACHE II and SAPS II scores tend to have shorter stays.

severity of illness subgroups and more patients in the correlation between the duration of mechanical ventilation
and ICU LOS. This also explains why patients who stay inintermediate subgroups (P=0.008 for APACHE II, and

P<0.001 for SAPS II). an ICU for >14 days are more likely to undergo tracheostomy.
Thus, this group of patients with prolonged stay should be
targeted for promotion of more optimal bed utilization by
decreasing their ICU LOS. A 50% reduction in ICU daysDiscussion
among this small group with prolonged stay would result in
a 25% reduction in the number of total ICU days. Such aThe main findings of our study can be summarized as follows.
reduction will have a major impact in the following ways.(1) Patients with prolonged ICU stay form a small proportion

of ICU patients, yet they consume a significant proportion (1) Logistic/operational. More patients can be admitted
of ICU resources. (2) The outcome of patients with prolonged and cared for in the ICU with available resources;
ICU stay is comparable to that of patients with shorter stays. lead-time for admission in the ICU will be reduced;
(3) The characteristics of patients with prolonged ICU stay more elective surgeries (requiring ICU bed availability
are quite different from those with shorter ICU stay in terms for follow-up care) can be performed.
of the reasons for admission and physiological abnormalities (2) Qualitative. This will ensure a more optimal utilization
on ICU admission. This enabled us to identify predictors of of scarce resources for providing quality care to the
prolonged ICU stay. (4) Patients with prolonged ICU stay ICU patients really in need of it.
had slightly higher APACHE II and SAPS II scores. More (3) Financial. Decrease in ICU LOS will reduce the cost
importantly, the distribution of patients’ severity of illness per patient in the ICU.
scores is different in this group, having fewer patients with
low severity of illness and more patients with moderate This study showed that the outcome of patients with pro-

longed ICU stay is comparable to those with shorter stay.severity of illness. While other investigators have reported
findings similar to some of ours [3],our study provides detailed This must be interpreted in the proper context, keeping in

mind that the two groups are quite different. Nevertheless,assessment of prolonged stay. Furthermore, it represents the
first study on prolonged stay from a non-western ICU. the study suggests that despite the significant resource util-

ization, this group is worth investing in. Therefore, decisionsICUs consume a large proportion of hospital resources.
The Medical Care Provider Analysis and Review (MEDPAR) about continuing or withholding aggressive intensive care

management must not be made only on the basis of prolongeddatabase of the the United States Health Care Financing
Administration (HCFA), now known as the Centers for ICU stay. The emphasis should instead be on improving ICU

efficiency without compromising the level of care.Medicare and Medicaid Services (CMS), shows that ICU days
formed 11.84% of the total hospital days in 1997, and that Our study identified certain predictors of prolonged ICU

stay. Understanding some of these predictors can help planICU charges comprised 6.15% of all hospital costs [15]. In
UK, the median cost per patient day in an ICU is US$1356 strategies to improve resource utilization. Non-elective

admissions, readmissions, respiratory or trauma-related(range $1242–1745) [16]. A medical/surgical ICU at a tertiary
hospital in Canada reported an average ICU LOS of 4.74 causes of admission, first 24-hour evidence of infection,

oliguria, coagulopathy, and the need for mechanical vent-days, with 7.3% of admissions staying for >14 days [3]. In
our study, we had a small proportion (11%) of patients with ilation or vasopressor therapy were found to be significantly

associated with prolonged ICU stay. In the present study,a prolonged stay. Yet, with their 45% share of the ICU patient
days and 56% of the ventilation days, they consumed a respiratory and trauma cases were more than twice as

likely to have a prolonged stay. It is well established thatsignificant proportion of ICU resources. We found a good
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for trauma patients, although they stay longer and utilize
more resources, the outcome is encouraging with good
survival and functional outcome [4,17–18]. Thus, they
constitute groups of patients worth investing in. However,
beyond a certain point, they do not require ICU care and
can be cared for in a less demanding area, such as the
IMCU. Based on our findings, planning for an IMCU
must take into consideration the above-mentioned factors.
For example, in order for the IMCU to make an impact
on ICU resource utilization in a hospital like ours, it must
have the capacity of caring for stable mechanically ventilated
patients. In addition, nurses recruited for such an area
should have the proper background to care for trauma
and ventilated patients.

Similarly, strategies to streamline the process of care
should target those patients who are more likely to have
prolonged ICU stay. As stated before, we found patients
admitted with respiratory conditions to have an increased
risk of prolonged ICU stay. We also found that the
duration of mechanical ventilation strongly correlated with
the ICU LOS. Therefore, protocols that accelerate weaning
are likely to improve resource utilization. Variability is
frequently seen in the practice of weaning patients from
mechanical ventilation, even within the same ICU. Studies
[19–21] have demonstrated significantly improved patient
outcomes (e.g. shorter durations of mechanical ventilation,
lower incidence of ventilator-associated pneumonia, fewer
patient complications) with protocol-guided weaning of
mechanical ventilation in the ICU setting. Continuous
infusion of sedative drugs prolongs the duration of
mechanical ventilation and LOS in the ICU. Protocols
based on daily interruption of sedative-drug infusions would
also decrease these [22].

The relation between severity of illness and ICU LOS
is interesting (Figures 3 and 4). Patients with low severity
of illness have short ICU stays, probably because they
require intensive care for a short period only, then they
get discharged from the ICU. In contrast, patients with
very high severity of illness have a shorter ICU stay
because they die early in the ICU course.

Based on our findings, our hospital adopted some of
the above suggestions. An IMCU is being operationalized,
and protocols for extubation and sedation are being
implemented.

Strengths and limitation

Ours was a prospective study: planning in advance ensured
collection of all required data; all patients admitted during
the study period were included and followed up for outcome
of their ICU stay. However, one possible limitation would
be that the study was conducted in a single center. As a
tertiary center, our ICU receives referrals of complicated
medical and surgical cases with high levels of severity of
illness. This might suggest the possibility of selection bias
due to case-mix accounting for some of our findings. It is
expected that a larger, multi-center study involving a number
of ICUs with varying case-mixes or patient subgroups may
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Reasons for ICU admission Operative trauma. Post-operative multiple trauma, post-op-
erative head trauma.

Respiratory. Asthma/allergy, COPD exacerbation, non-car-
Post-operative. Post-operative chronic cardiovascular disease,diogenic pulmonary edema, respiratory arrest, aspiration/

post-operative peripheral vascular surgery, post-operativepoisoning/toxic, respiratory infection, pulmonary embolus,
heart valve surgery, post-operative craniotomy for neoplasm,pulmonary neoplasm.
post-operative renal surgery for neoplasm, post-operativeCardiovascular. Hypertension, rhythm disturbance, con-
renal transplant, post-operative thoracotomy for neoplasm,gestive heart failure, hemorrhage/hypovolemic shock, cor-
post-operative craniotomy for intracranial/subdural/sub-onary artery disease, sepsis, post cardiac arrest, dissecting
arachnoid hemorrhage, post-operative laminectomy andthoracic/abdominal aneurysm, cardiogenic shock.
spinal cord surgery, post-operative with hemorrhagic shock,Neurologic. Seizure disorders, intracranial/subdural/su-
post-operative GI bleed, post-operative GI neoplasm, post-barachanoid hemorrhage.
operative respiratory insufficiency, post-operative GI ob-Other non-operative. Drug overdose, diabetic ketoacidosis,
struction/perforation, post-operative other neurological,gastrointestinal (GI) bleed, other metabolic/renal, other res-
post-operative other cardiovascular, post-operative other res-piratory, other neurological, other cardiovascular, other gastro-
piratory, post-operative other GI, post-operative other meta-intestinal

Non-operative trauma. Multiple trauma, head trauma. bolic/renal.
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