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ABSTRACT

Introduction: Accurate length of stay (LOS) prediction of severe sepsis patients in intensive care unit (ICU) is critical for resource
management. Acute Physiology and Chronic Health Evaluation-IV (APACHE-IV) model is commonly used for predicting LOS.
This study assesses the ICU-LOS predictability of APACHE-IV system for severe sepsis patients.

Methods: Following ethical clearance, we used ICU data (06/2006 — 08/2008: from a hospital in India) to compare APACHE-IV
score and predicted LOS of severe sepsis patients with actual observed ICU-LOS. We employed ¢-test, correlations, ANOVA and
linear regression of suitably transformed variables as needed.

Results: Out of 3,949 ICU admissions, 198 were severe sepsis admissions where 134 patients (80%) had usable data. Of these 75
had verifiable APACHE-IV scores (final sample) with 55% men; median age: 67 years (IQR: 21) 53% did not have dialysis; 87%
were on mechanical ventilation (MV). Mean ICU-LOS (10.1 days + 6.4) was significantly greater than predicted ICU-LOS (5.6
days + 1.8 ; p<.001). ICU-LOS was very strongly correlated with days on MV (r=0.9). Mean ICU-LOS was significantly greater
for those receiving blood transfusion (p<.001); on MV (p<.001); having surgery (p<.001) and having high frequency of dialysis
(p<.001) — differences not predicted by APACHE-IV. Overall, the predicted ICU-LOS underestimation was by 4.5 days.
Conclusions: The results provide a preliminary indication that APACHE-IV model may be a poor predictor of ICU-LOS in

severe sepsis cases.
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1. INTRODUCTION

Worldwide, sepsis is an important cause of intensive care unit
(ICU) admissions, the leading cause of death in non-coronary
ICUs!!2 and the 10th overall leading cause of death.”’! De-
spite the availability of potent antibiotics and refined sup-
portive care, mortality of sepsis patients remains high (30%;
and 50% when shock-associated). Severe sepsis is defined as
the presence of infection, a systemic inflammatory response
syndrome (SIRS) and acute organ dysfunction.* Sepsis

complicated by organ dysfunction has a high mortality rate
ranging from 28% to 50%.5! Septic shock is severe sep-
sis with acute circulatory failure characterized by persistent
arterial hypotension unexplained by other causes. In 1995,
Angus et al.'®! estimated that more than 750,000 cases of
severe sepsis occur annually in the United States (U.S.). Yet,
the epidemiology of sepsis remains poorly described except
in a few reports.”) In the Indian context, basic epidemiologic
and health care questions such as estimates of population,
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incidence, risk factors for the development and outcomes of
severe sepsis have not been addressed by any studies.®!

Prediction of length of stay (LOS) in ICUs is generally con-
ducted using proprietary algorithmic tools. The Acute Physi-
ology and Chronic Health Evaluation (APACHE) system, !
now in the fourth version, incorporating measures of phys-
iologic derangement and comorbidities, was designed to
predict an individual’s risk of dying in a hospital by each
individual’s medical profile against nearly 18,000 cases in its
memory. It has been suggested that APACHE-IV predictions
of hospital mortality have good discriminative power and
should be useful for benchmarking performance in the U.S.
ICUs.'% It has been further suggested that the accuracy
of this dynamic predictive model should be retested period-
ically.'% Tt also provides LOS in ICUs based on several
physiologic criteria. Specific to predicting ICU-LOS, the
developers have suggested that the accuracy and utility of
ICU-LOS prediction from the APACHE-IV model, though
clinically useful for critically ill patients, apply to individ-
ual patients and may not be useful for groups. However,
APACHE-IV benchmarks for ICU stay have been used for
assessing the efficiency of unit throughput and for supporting
examination of structural, managerial, and patient factors im-
pacting LOS.["" APACHE-1V is used internationally widely
as a prediction tool for ICU-LOS and has been suggested to
be very valuable for this purpose.l!!~13]

There are, until now, no studies that have assessed ICU-LOS
predictability of APACHE-IV models in severe sepsis where
the impacts of patho-physiological misbalances are gravest.
Aiming to assess ICU-LOS predictability of APACHE-IV,
the overall research question for this study was: does the cur-
rent LOS prediction tool (APACHE-IV) used in the hospitals
accurately predict the LOS of severe sepsis patients admitted
to an ICU?

2. METHODS

This study at AMRI Hospitals, Kolkata, India, approved by
the hospital Ethics Committee was nested within the Epi-
demiology of Severe Sepsis Study.[®!

2.1 Sample

All consecutive new adult admissions to ICU (no previous
admission to ICU) with severe sepsis as per standard crite-
ria*! between 1st June, 2006 and 31st August, 2008 were
eligible. These patients were followed up till they were dis-
charged from ICU. APACHE-IV predicted ICU-LOS was
calculated. At close of study, their actual ICU-LOS was
calculated. Patients who stayed in the ICU for less than 24
hours for routine post-operative surveillance or those who
were discharged alive from ICU within 24 hours without
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developing sepsis or complications, were excluded.

2.2 Data collection

Hospital records and study specific record sheets provided
data including demographics, admission category, and clini-
cal attributes. Procedures and surgical events during patients’
stay at ICU, attending physician information and clinical test
data were included. All diagnoses were validated through
careful assessment of clinical notes in the charts. Participants
were given a unique study identification number in the de-
identified database. All data collected were as per hospital’s
quality assurance standards for staff training, data collec-
tion and record-keeping. All data were double entered into
computers for quality assurance and error checks were per-
formed. Discrepancies were resolved by counter-checking
with the hard copy of medical records. Data cleaning was
done through a programmed range-check on values of data
points. All missing values/out of range values were compared
with the hard copy/source records to ensure comprehensive
and accurate data extraction. If missing values still existed,
their distribution was analyzed. Outliers were reduced to
mean +/— 3SD to allow analysis and conserve power. All
analysis and graph generation were was carried out using a
“clean” data set in IBM SPSS Statistics for Windows, Version
19.0.

2.3 Statistical analyses

From a total of 3,949 ICU admissions, 45 duplicate entries
were removed leaving an initial pool of 3,904 patients. Of
these, 198 remained with a diagnosis of having severe sepsis.
Out of these 30 re-admissions were removed. Some data
were not available for 34 patients leaving a study sample of
134 individual patients. APACHE-IV data was available for
75 patients; therefore most analysis was restricted to these
cases only.

Univariate distribution of variables were computed and noted
for their deviations from normalcy, skewness, and kurtosis.
LOS and days with mechanical ventilation (MV) exhibited
skewed distribution, and were natural-log-transformed to
meet Gaussian distribution assumption. To understand if
APACHE-IV prediction difference with actual was in the
same direction (i.e. if it always under-predicted or over pre-
dicted), we assessed the percent difference between actual
and APACHE-IV predicted ICU-LOS [(predicted ICU-LOS
—actual ICU-LOS)/predicted ICU-LOS] for each case.

Because each patient acted as his/her own “control”, pre-
dicted ICU-LOS and actual ICU-LOS were deemed corre-
lated and paired analyses were conducted to test the differ-
ences between predicted mean ICU-LOS and actual ICU-
LOS. Other sub-group comparisons used unpaired analytical
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paradigm after testing for equality of variances — ICU-LOS
differences between groups (sex, age groups, de-identified
treating physician, type of admission source, and different
procedures during ICU stay) were tested using Pearson’s cor-
relation coefficient, independent ¢-Tests and ANOVA with
Scheffe’s pair-wise test for multiple comparisons as needed.
Ordinary linear regression was employed to derive linear
trend lines for LOS factors.

3. RESULTS

Distributions of important study related factors are presented
in Table 1 for those whose APACHE-IV scores were avail-
able, as well as for those whose scores were not available.

Some 54.7% of the sample (with APACHE-IV scores) were
men; 35.6% being women. The overall mean age of the sam-
ple was 64.2 years (standard deviation—SD: 15.9), whereas
median age was 67 years (Inter quartile range-IQR: 21) and
the range was 18 years to 72 years. The range of number of
times severe sepsis patients in the ICU underwent dialysis
varied between 0 and 17, with most not having had any dial-
ysis (58.2%) (see Table 1). Most patients underwent some
procedures or surgeries during their stay in the ICUs. Most
patients (86.7%) were put on MV (see Table 1). The overall
mean days for which patients were on MV was 7.37 days
(SD: 6.3); median was 6 days (IQR: 9) for those on MV.

Table 1. Distribution of important determinant variables for Length of Stay (LOS) in ICUs

APACHE-IV score

APACHE-1V score not

Variable Levels available available Total
Number  Percent (%) Number  Percent (%) Number  Percent (%0)
Discharged on Risk Bond 7 9.3 2 34 9 6.7
Hospital Death 44 58.7 36 61.0 80 59.7
Outcome Discharged 23 30.7 21 35.6 44 328
In Hospital 1 1.3 0 0.0 1 0.8
Blood No 32 42.7 28 47.5 60 44.8
Transfusion  Yes 43 57.3 31 525 74 55.2
0 40 53.3 38 64.4 78 58.2
Dialysis 1 5 6.7 6 10.2 11 8.2
(Number of
Times) 2-6 20 26.7 10 16.9 30 22.4
>6 10 13.3 5 8.5 15 11.2
Procedures No 8 10.7 5.1 11 8.2
inICU Yes 67 89.3 56 94.9 123 91.8
Surgery No 67 90.5 52 88.1 119 89.5
During ICU  Yes 7 9.5 7 11.9 14 105
stay Missing information 1 - - - 1 -
Mechanical No 10 13.3 12 20.3 22 16.4
Ventilation  Yes 65 86.7 47 79.7 112 83.6

The overall actual mean ICU-LOS for severe sepsis patients
was 10.12 days (SD: 6.4); median was 8 days (IQR: 9) and

On a case-by-case comparison basis, overall, in 69% cases
(range: -0.33% to: -866.4%), there was a negative difference

range: 2-29 days. The mean total hospital stay varied some- - meaning under prediction of ICU-LOS and in 31% cases

what from the mean ICU-LOS, but was not statistically sig-
nificantly different. The predicted mean ICU-LOS score,
was 5.6 days (SD: 5.7); median being 5.7 days (IQR: 2.6);
and the range being 2.09 day — 8.99 days (see Table 2). The
actual LOS was significantly higher than the predicted LOS.

The overall actual mean ICU-LOS was 4.49 days higher
than the predicted mean ICU-LOS (p<.001) (see Table 2).

Published by Sciedu Press

(range: 4.0% to 76.1%), the difference was over-predicted
by APACHE-IV than actual ICU-LOS. Table 2 presents the
differences between mean actual and predicted ICU-LOS
demonstrating a large difference between actual and pre-
dicted ICU-LOS for all categories of factors assessed.

Linear regression analysis suggested that a model for predict-
ing actual ICU-LOS with only the constant was the same as
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one with any predictors (see Table 2). Figure 1 shows the the regression line). These results suggest poor correlation

scatterplot of actual ICU-LOS and predicted ICU-LOS (with between predicted ICU-LOS and actual ICU-LOS.

Table 2. Mean Length of Stay (LOS) of severe sepsis patients categorized by important variables (SD = Standard
Deviation). APACHE-IV consistently under-predicts LOS by a large magnitude.

Actual ICU APA.CHE"V
LOS (days) Predicted ICU
Study Factor ~ Category Number LOS (days) Percent Difference’
Mean SD Mean SD
ICU-LOS” Total 75 10.12 6.4 5.63 1.8 -79.8
Arrival Timein  AM 15 11.33 6.5 472 1.7 -140.0
ICU PM 58 9.91 6.5 5.77 1.7 -71.8
Women 34 9.44 6.8 5.62 17 -68.0
Sex Men 41 10.68 6.1 5.64 1.9 -89.4
g(')s::argw onRisk 1157 8.9 470 2.2 -146.2
Hospital Death 44 10.48 6.1 5.76 1.8 -81.9
Outcome Discharged 23 8.96 6.4 5.69 18 575
In Hospital 1 11.00 = 5.1 = -115.7
Blood No 32 7.81" 5.4 5.94 1.8 -315
Transfusion Yes 43 11.84" 6.6 5.40 1.8 -119.3
Emergency Dept. 11 13.00 6.3 5.10 1.6 -154.9
Admission Medicine Dept. 37 8.92 6.2 5.50 19 62.2
SDZ:;?:;nent Surgery Dept. 10 12.30 6.9 6.55 2.1 -87.8
Other Departments 16 9.44 6.4 5.74 1.5 -64.5
Procedure in No 8 4.25" 16 5.66 1.4 +24.9
ICU Yes 66 10.82" 6.4 5.63 1.9 -92.2
Surgery During  No 67 9.52" 5.9 5.65 1.8 -68.5
ICU Stay Yes 7 13.86" 7.7 5.93 1.9 -133.7
A 7 9.57 6.1 5.94 1.4 -61.1
Attending B 38 8.87 5.8 5.84 1.9 -51.9
Physicians' ol 6 14.50 75 411 15 -252.8
D' 24 11.17 6.9 5.59 1.8 -99.8
Mechanical No 10 470" 1.7 4.37 1.4 76
Ventilation Yes 65 10.95 6.4 5.82 1.8 -88.1
0 40 8.80 5.9 6.05 1.8 -455
Dialysis 1 5 7.80 49 5.87 1.3 -32.9
Frequency 2-6 20 9.85 6.3 5.31 1.6 -85.5
>6 10 17.107 5.2 4.46 1.7 -283.4
Payment Self 54 9.54 6.3 5.72 1.8 -66.8
Source Others 21 11.62 6.5 5.40 1.9 -115.2

* Statistically significantly different (unpaired/paired t-Test ANOVA from other members of the grouped category).

* percent difference = [(mean Predicted LOS — mean Actual LOS) / mean Predicted LOS] x 100.
T Attending physician/physician groups — de-identified data.
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The Pearson’s correlation coefficient values for linear associ-
ation between ICU-LOS with potentially important variables
were as follows: number of days on MV (r=.91); APACHE-
IV score (r=-0.06); age (r=-0.08); and total hospital stay
(r=0.4). Therefore a strong correlation was seen between
mean ICU-LOS and number of days patients were on MV.
The correlation of APACHE-IV score and predicted ICU-
LOS was low (r=0.26).
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Figure 1. Scatterplot with linear regression line showing
association of actual LOS and APACHE-IV predicted LOS
among severe sepsis patients. Because the predicted score is
registered at admission, and the actual LOS is found later in
time, the graph shows Actual LOS on the Ordinate (model
R?=0.001).

An important difference between actual ICU-LOS and
APACHE-1V predicted ICU-LOS was that whereas actual
ICU-LOS was statistically significantly greater for those re-
ceiving blood transfusion (p<.001); having any procedure
in ICU (p<.001); and those with high frequency of dialysis
(p<.001), APACHE-IV prediction totally failed to predict
ICU-LOS differences in these groups (see Table 2).

4. DISCUSSION

Overall, we found that APACHE-IV predicted ICU-LOS
for severe sepsis patients very poorly and inconsistently.
APACHE-1V prediction was on an average 4.5 days lower
than actual ICU-LOS. The key impact of APACHE-IV is
predicative on its accurate prediction of ICU-LOS. The au-
thors of the scoring system have clearly stated that APACHE-
IV benchmarks for ICU stay are useful for assessing the
efficiency of unit throughput and support examination of
structural, managerial, and patient factors that affect ICU
stay.!'!l Data from studies in the U.S. suggest that ICU beds

Published by Sciedu Press

account for 5% to 10% of inpatient hospital beds, while con-
suming between 20% and 30% (or more) of hospital budgets.
Critical care usually generates 8% of healthcare costs and
makes up more than 1% of the gross domestic product. In
addition to being the most expensive hospital environment
to provide patient care, ICUs are also locations with higher
potential for adverse patient events because of the number of
invasive lines, tubes, drains, and equipment used to provide
care.l"" In a study, Beckmann et al. found that for 176 ICU
admissions during a 2-month period, 70 ICU-related unin-
tended event or outcome, which could have, or did reduce
the safety margin for the patient, were identified (40% cases)
— 84% of the incidents were preventable.!!”!

Improving the quality of care in ICUs has been shown to
reduce costs. For example, Clemmer et al.,''®! on measuring
severity of illness, ICU-LOS and hospital-LOS, ICU and hos-
pital mortality rates, total hospital costs as analyzed by their
cost center, and measures of improvement in specific areas
of care, found that a structured quality improvement program
focused on ICU led to improvements in care in relation to:
glucose control; antibiotic and sedation use; laboratory, radi-
ology, and blood gas utilization; and adult respiratory distress
syndrome survival. Furthermore, the program resulted in a
severity-adjusted total hospital cost reduction of $2,580,981
(1,991 US dollar value) (87% reduction in costs between
1991 and 1995).

For patients who require admission to ICUs, the average total
hospital LOS is significantly longer than those that do not
require ICU-stays. Therefore, it becomes imperative for the
hospital running the ICU to put policies in place that not only
plan and use ICU budgets judiciously, but also maximize
the efficiency of ICU utilization to maximize effectiveness
and benefits for the monies spent. A key factor determin-
ing such policy initiatives is a prediction of average LOS in
ICUs for patients. Given that patient [CU-LOS may fluctu-
ate by individuals, such micro-information is not useful for
policy making. Overall averages and trends allow enough
information to make prudent policies.

Widespread concerns about quality, cost, and efficient uti-
lization of health care resources indicate the need for cost-
effective methods for outcome evaluation.!!”? Such data
should permit precise evaluation and comparison of ICU
effectiveness and efficiency and result in improved methods
of risk prediction and evaluation of medical practices.!!®!
Neikirk ef al. demonstrated the usefulness of administrative
data in risk adjustment for ICU-LOS. Their regression tech-
nique was able to account for a significant amount of varia-
tion with clinically meaningful variables derived from ICD-9
diagnosis and procedure codes and other administrative data

5



http://jer.sciedupress.com

Journal of Epidemiological Research

2016, Vol. 2, No. 1

elements. Application of the model revealed considerable
variation in risk adjusted ICU-LOS among hospitals.[!”!

Can one predict ICU-LOS, and if so, does that prediction
have useful value? In 2007, a study from The Netherlands,
suggested that patient characteristics can be used to create
models that will help in predicting ICU-LOS and will result
in more efficient use of ICU beds and fewer cancellations.!'*!
This planning can be improved by the use of tested and vali-
dated models designed to predict average LOS in the ICUs
as well as LOS in individual patients.

Although a variety of ICU-LOS prediction tools are available,
APACHE-1V is commonly used around the world. APACHE-
IV was developed in a cohort of ICU patients but not specifi-
cally for sepsis/severe sepsis patients. It may thus be possible
that that APACHE-IV may not be accurate in predicting ICU-
LOS in this subset of patients.

The APACHE-IV model may provide clinically useful ICU-
LOS predictions for critically ill patient groups.''] However,
we found a wide variation in APACHE-IV predicted LOS
in individuals — every individual LOS prediction was highly
off target. Even though the system was developed for indi-
vidual patients, the original authors have now stepped away
from suggesting that APACHE LOS predictions be used for
individual treatment decisions.'””! Most studies validating
the APACHE-IV system have assessed its relation to crit-
ical illness patho-physiology as proposed by the original
authors.!'%111 The authors, soon stated that predictive mod-
els have a “modest” window of applicability, and therefore
must be revalidated frequently and sent a call for the need
for frequent re-estimation of the models. Earlier, their own
major re-estimation of APACHE-III resulted in APACHE-
IV.21l They also suggested that even though overall accuracy
may be achieved, it is also imperative that predictive mod-
els work well within diagnostic and treatment subgroups.
A study assessing MV found APACHE-IV could not ade-
quately predict ICU-LOS for these patients and suggested
that benchmarking measures must consider the case mix of
patients receiving different types of MV,??l an observation
similar to ours.

Our study was limited by small sample size that did not per-
mit strong multi-variable analyses. Such analyses could have
helped resolve the impacts of different critical conditions
identified in Table 2 to determine independent determinants
of ICU-LOS and clarified the magnitude of independent pre-
dictability of APACHE-IV. Another possible limitation is the
lack of strong electronic database. We entered data into an
electronic system from paper charts. If the original charts
had errors, as many hospital charts do, then those errors were
transferred to our dataset as well. Furthermore, this was a
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hospital-based study and may not represent severe sepsis
patient profile in all hospitals. However, this is also an impor-
tant aspect — because the study demonstrates that in different
hospital units, the ICU-LOS prediction by APACHE-IV may
not work unlike the prevalent notion. Despite these limita-
tions, the current study has demonstrated that for one of these
critical sub-groups (severe sepsis), APACHE-IV predicted
ICU-LOS is off-mark consistently (see Table 2). These re-
sults also rhyme with the findings of Zilliberg’s study of
APACHE-IV and MV.[?2!

In conducting the study, we followed the suggestions by
Breslow and Badawil?! that for assessing ICU-LOS, the ra-
tio of actual-to-predicted outcomes in the study cohort. Our
results suggest that the ability of APACHE-IV system to
predict ICU-LOS for severe sepsis patients is poor - which
has several characteristics. First, the predicted ICU-LOS is
off-target by a large margin (average of 4.5 days) which is a
substantial for critical patients. Second, the prediction error
is not in the same direction (i.e. under/over prediction). If
there was a consistent directionality to ICU-LOS prediction
(i.e. differential prediction error), then it would be possible
to deduce a correction factor for the error to obtain a reliable
prediction. Third, the regression line is close to the mean
line for actual ICU-LOS (see Figure 2). Therefore, for most
of the ICU-LOS distribution, the predicted values (5.6 days
+ 1.78) remain far from the observed or the overall-mean
ICU-LOS values (10.1 days + 6.4).

Wang et al.”*! suggested that outcomes for critically ill
patients may be influenced by deficiencies in the delivery
of care beginning with pre-hospitalization emergency ser-
vices. Also, the critical illness itself impacts patient out-
comes which may occur long after being discharged from
the ICU.?*! Furthermore, ICU outcome prediction models is
compromised by the lack of standardized data collection and
laboratory testing.!26!

Lack of inpatient bed availability is a major contributor to
emergency department (ED) crowding.”?’! Important reduc-
tions in LOS at ED (and others) and smoothening of ambu-
lance diversion occur in urban academic medical center after
an increase in adult ICU beds. A recent study demonstrated
that the most notable change after ICU expansion was a de-
crease in time spent on ambulance diversion. Increasing ICU
beds appears to have shortened ED LOS for ICU patients but
has less effect on other admitted patients and apparently no
effect on patients discharged home."?”) In emergency care
a perfect balance between given resources and demand is
much more difficult to achieve and maintain. In reality, cer-
tain key resources, e.g. ICU beds, are often over-utilized.*®
Improper estimation of LOS may lead to poor bed-strength
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of ICUs. Therefore, use of a good prediction model for ICU-
LOS can have major implications and efforts should be made
to improve ICU-LOS by developing other good tools.

In 2006, Afessal?®! asked if the APACHE-IV can be used for
benchmarking in all ICUs. He answered the question saying
“I believe we are not there yet”. It was suggested that because
the APACHE-IV benchmark study was conducted only in the
U.S. (104 ICUs of 45 hospitals in the U.S.), the predictive
model may not be applicable elsewhere. Even for the U.S.,
the performance of the APACHE-IV prediction model needs
to be validated extensively and generalizability of its results
be assessed before endorsing its use elsewhere in the country.
The status has not changed much since 2006. Therefore, be-
cause of its wide-spread uses in several international settings,
it is time to validate APACHE-IV prediction in a variety of
settings. Furthermore, it has been suggested that not just

APACHE-1V, but all scoring systems for the critically ill will
need updating because ICU populations change with time
and new diagnostic, therapeutic and prognostic techniques
become available.[*"!

5. CONCLUSIONS

This study provides indication that overall, APACHE-IV
poorly predicted ICU-LOS in severe sepsis cases. Overall,
the under-prediction of actual ICU-LOS was by about 4.5
days. This underestimation is about 44.5% of the actual
mean ICU-LOS and dependence on this prediction method
may adversely impact hospital readiness for accommodating
and managing patients in ICUs. Correct prediction of LOS
in ICUs impacts clinical as well financial outcomes of the
ICUs and the hospital because ICUs are considered major
revenue generators for hospitals.
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