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Inpatient Transfers to the Intensive Care Unit

Delays Are Associated With Increased Mortality and Morbidity
Michael P. Young, MD, MS, Valerie J. Gooder, RN, PhD, Karen McBride, RN,

Brent James, MD, MStat, Elliott S. Fisher, MD, MPH

OBJECTIVE: To examine if delayed transfer to the intensive
care unit (ICU) after physiologic deterioration is associated
with increased morbidity and mortality.

DESIGN: Inception cohort.
SETTING: Community hospital in Ogden, Utah.

PATIENTS: Ninety-one consecutive inpatients with noncar-
diac diagnoses at the time of emergent transfer to the ICU.
We determined the time when each patient first met any of 11
pre-specified physiologic criteria. We classified patients as
‘‘slow transfer’’ when patients met a physiologic criterion 4 or
more hours before transfer to the ICU. Patients were followed
until discharge.

INTERVENTIONS: None.

MEASUREMENTS: In-hospital mortality, functional status at
hospital discharge, hospital resources.

MAIN RESULTS: At the time when the first physiologic crite-
rion was met on the ward, slow- and rapid-transfer patients
were similar in terms of age, gender, diagnosis, number of days
in hospital prior to ICU transfer, prehospital functional status,
and APACHE II scores. By the time slow-transfer patients were
admitted to the ICU, they had significantly higher APACHE II
scores (21.7 vs 16.2; P = .002) and were more likely to die in-
hospital (41% vs 11%; relative risk [RR], 3.5; 95% confidence
interval [95% CI], 1.4 to 9.5). Slow-transfer patients were less
likely to have had their physician notified of deterioration
within 2 hours of meeting physiologic criteria (59% vs 31%;
P = .001) and less likely to have had a bedside physician
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evaluation within the first 3 hours after meeting criteria (23%
vs 83%; P =.001).

CONCLUSIONS: Slow transfer to the ICU of physiologically
defined high-risk hospitalized patients was associated with
increased risk of death. Slow response to physiologic dete-
rioration may explain these findings.
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mortality; length of stay; APACHE II score.
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atients transferred from medical or surgical wards to
the intensive care unit (ICU) provide a challenge to
clinicians. A recent survey of 285 U.S. hospitals, including
teaching and nonteaching institutions, observed an ag-
gregate in-hospital mortality of 12% for ICU patients.’ In
contrast, patients transferred from the ward to the ICU
have a 20% to 65% in-hospital mortality rate.?>™* Patients
transferred from the ward to the ICU are also much more
costly to treat.356
For hospitalized patients, the timing of transfer to the
ICU may be an important determinant of outcomes. The
timing of several acute care interventions (thrombolytic
agents, aspirin and (-blockers in myocardial infarction,
thrombolytic agents in stroke, and emergency resusci-
tation after major trauma) has a substantial impact on
mortality.”® Some authors have suggested that up to 50%
of cardiopulmonary arrests on general medical and sur-
gical wards could be prevented by earlier transfer to the
ICU.'°"!2 However, these studies relied on expert opinion
rather than explicit criteria to retrospectively judge which
patients may have avoided respiratory or cardiac arrest.
Other studies have proposed subjective criteria, such as
the onset of acute dyspnea or failure to respond to
treatment, to identify patient groups at risk for severe
deterioration.'®!* Little is known about criteria that are
both objective and simple that could be used prospectively
to identify general ward patients at risk for catastrophic
deterioration. 516
We studied a consecutive series of noncardiac patients
transferred to the intensive care unit at a community
teaching hospital. We specified 11 physiologic or laboratory
criteria indicative of physiologic instability. We determined
the time, prior to transfer to the ICU, that each patient first
77
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met 1 or more of these criteria. We defined the timing of ICU
transfer as the interval between first meeting a physiologic
criterion on the hospital ward and transfer to the ICU. We
followed patients’ hospital course to determine if there was
an association between the timing of ICU transfer and
mortality, morbidity, and cost.

MATERIALS AND METHODS

The study was conducted over a 16-month period
(April 1994 through July 1995) at McKay-Dee Medical
Center, a 460-bed community hospital in Ogden, Utah. At
the time of the study, the ICU was a 14-bed “open” medical-
surgical unit where most physicians on the medical staff of
the hospital had ICU admitting privileges. After transfer to
the ICU, all patients were co-managed by a team of 3 full-
time board certified intensivists. The study was approved
by the Hospital Institutional Review Board, which waived
the need for informed consent.

Study Design and Patient Population

An overview of the study design is provided in Figure 1.
We identified, at the time of ICU admission, all consecutive,
noncardiac patients over the age of 12 years who were
transferred to the ICU from the medical or surgical wards.
We excluded patients admitted directly from the emergency
department to the ICU, scheduled ICU admissions from the
operating room, and patients admitted to the ICU for
observation after invasive radiological procedures. We
carried out retrospective chart review of the hospital course
prior to transfer to the ICU to determine when each patient
first met any 1 of 11 physiologic threshold criteria. We did
not track the outcomes of patients who never met any
physiologic criteria prior to ICU transfer. Patients were
classified as slow transfers to the ICU if the time between
first meeting a criterion and ICU admission was 4 hours or
more. Patient risk status at the time the first criterion was
met was assessed using data obtained from chart notes
and laboratory reports. Also on the basis of chart review, we
recorded the sequence of physician notification, physician
bedside visits, and additional physiologic deterioration

Slow Transfer:
*Time to ICU>4hrs

Non-cardiac inpati Follow-up until
transferred to ICU hospital discharge

A\ 4

N4

Rapid Transfer:
*Time to ICU<4hrs

Group Assignment
& Risk Assessment

Study Enrollment Outcome
Ascertainment

*Time to ICU = interval from time
physiologic criterion first met until
time of transfer to the ICU

FIGURE 1. Study enrollment and data collection process.

prior to transfer to the ICU. The study nurse (KM)
prospectively gathered data to measure patients’ risk status
at the time of transfer to the ICU and recorded subsequent
outcomes. The physicians referring patients to the ICU
were unaware that this study was being conducted. The
admission criteria used by the physician staff to evaluate
patients for potential ICU admission were nonexplicit.

Measures

Table 1 describes the 11 physiologic threshold criteria
used to define patients at risk for deterioration. These
criteria were selected on the basis of a review of the
measures included in APACHE II and SAPS'”'® and
clinician judgment. Patients could meet a criterion through
2 mechanisms. First, patients could have values recorded
in the chart or laboratory reports that met the specified
threshold values. Second, the nurse could document in the
chart the specified change in mental status, or intervention
(e.g., providing mechanical airway support) that met
physiologic threshold criterion.

Our classification of transferred patients as either
“slow transfer” or “rapid transfer” was determined by
examining the time recorded in the chart when the first
criterion was met on the ward and the time of transfer to
the ICU. Patients transferred to the ICU more than 4 hours
after first meeting any of the physiologic threshold criteria
were labeled as “slow transfer” while patients transferred in
4 hours or less were classified as “rapid transfer.” For
example, a patient on the ward with a respiratory rate of 40
breaths/minute at 1 pM transferred to the ICU at 4 pm the
same day would have the delay to ICU recorded as 3 hours
and would be placed in the “rapid-transfer” group. Four
hours was chosen as the threshold based upon prior
studies indicating that delays over several hours in
delivering essential therapies create increased risk for
patients with acute myocardial infarction, stroke, and
major trauma.”™®

Patients’ characteristics at the time when patients first
met a criterion were ascertained from chart review. Major
diagnostic categories were defined by 2 of the study
clinicians (KM, MY) on the basis of clinical data in the
chart at the time the first criterion was met. Prehospital
functional status was defined by the patient’s or family’s
self-report of the patient’s ability to perform activities of
daily living using a modified functional independence
measure.'® To obtain these reports, we relied on the
nursing assessment on hospital admission and the physi-
cian history and physical. Patient prehospital functional
status was classified as “independent” if patients were
independent or mostly independent. Patients were clas-
sified as “dependent” if, prior to hospitalization, they were
mostly or completely dependent.

We used 2 measures of illness severity at the time of
study transfer. We calculated APACHE II scores on the
basis of laboratory and physiologic data available at the
time the first criterion was met. APACHE II scores are based
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Table 1. Physiologic Threshold Criteria Measured on the Medical-Surgical Wards

Criteria Low High

Respiratory

Respiratory rate
Arterial blood gas
Oxygen saturation
Peak flow

Airway protection

pH <7.25

<250 L/min

>35 breaths/min for >30 min
pCO, >60mm/Hg

<95% of nonrebreather mask >30 min

Absent cough, gag or need for

artificial airway

Cardiac
Systolic blood pressure
Heart rate (sustained for >30 min)
Urine output
renal failure
Other
Gastrointestinal bleeding

Level of consciousness

Patient with abdominal pain and WBC <3,000

>60 years old and either:

Hematocrit <22%

Glasgow Coma Score <12

<85mm/Hg for >30 min
<40 beats/min
<200 cc/8 h in absence of chronic

>140 beats/min

>4 units pRBCs transfused in
<24 hours

Acute decrease in Glasgow
Coma score >2

WBC >16,000

pCO., partial pressure of carbon dioxide; pRBC, packed red blood cells; WBC, white blood cell count.

upon 12 weighted physiologic measures and a chronic
health evaluation used to generate an individual patient
score between O and 71. High scores mean greater severity
of illness and increased predicted mortality. For example,
an APACHE II score of 25 obtained after ICU admission is
associated with an expected in-hospital mortality rate of
50%.2° To calculate the APACHE II score for ward patients
prior to transfer to the ICU, we used data available at the
time the patient first met a physiologic threshold and from
the prior 24 hours. As is standard with APACHE II scoring,
we assigned missing data a neutral weight.

As our second measure of illness severity prior to ICU
transfer, we recorded the time prior to ICU transfer that a
second physiologic threshold criterion was met. We
hypothesized that if ward patients were similarly ill at the
time they met the first criteria, a similar proportion would
meet a second criterion within 2 hours of meeting the first.

We tracked 3 processes-of-care measures after a
patient first met physiologic threshold criterion. First, we
recorded the time, as documented by the nurse, that the
patient’s physician was first notified of the patient’s
condition. Second, we recorded the time of the first
documented physician bedside evaluation after a patient
first met a physiologic threshold criterion. Third, to
compare the amount of physiologic deterioration that
occurred on the ward prior to transfer to the ICU, we
compared 2 severity-of-illness markers measured first on
the ward and then again immediately after transfer to the
ICU. We compared the APACHE II score generated at the
time a physiologic criteria was first met on the ward with
the APACHE II score generated later on transfer to the ICU.
We also compared the proportion of patients meeting 2 or
more physiologic threshold criteria at those same 2 points
in time.

We prospectively ascertained our main outcomes by
following the patients from the time of transfer to the ICU
until hospital discharge. To measure the degree of deteri-
oration that had occurred on the ward, we compared the
illness severity on arrival at the ICU to the illness severity
when a patient first met physiologic criteria. To estimate
illness severity on arrival at the ICU, we recalculated an
APACHE 1I score using only physiologic data available for
the first 24 hours after transfer to the ICU. We used the
difference in the 2 APACHE II scores as our measure of
deterioration during the delay interval. Final outcomes
included in-hospital mortality, functional status on hos-
pital discharge, length of stay in-hospital, and costs. We
tracked actual costs rather than charges by employing a
costing system that reflected actual resources consumed
by the patient during their hospital stay.?! We included
only costs incurred after the patient met the first physio-
logic criterion. We recorded hospital length of stay as the
time interval between first meeting a physiologic criteria
and discharge from the hospital.

Statistical Analysis

We compared the baseline characteristics of slow-
transfer and rapid-transfer patients at the time they first
met a physiologic criterion. To calculate P values for
categorical variables, we used the X2 test or Fisher’s exact
with cell sizes of 5 data points or less. Because of the
skewed distribution of costs and hospital length of stay, we
tested for significance differences in these variables using
the Wilcoxon rank sum.

We studied the relationship between slow and rapid
transfer and the outcomes of interest in both the crude and
adjusted analysis. In our analysis, age and APACHE II
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score were modeled as both continuous and dichotomous
endpoints. Because of the large number of baseline
characteristics and the relatively small number of subjects,
we built a series of regression models using all statistically
significant and clinically important predictor variables in
groups of three.?? Because odds ratios may exaggerate the
true relative risk, the adjusted odds ratios were trans-
formed into adjusted relative risks.?® The results in Figure 2
are based on a model adjusting for age, pre-ICU APACHE II
score and number of days in-hospital pre-ICU transfer. All
tests of statistical significance were 2-tailed. Analyses were
conducted with STATA Statistics/ Data Analysis (Stata
Corp., College Station, Tex).

RESULTS
Patient Characteristics

Table 2 summarizes the patient characteristics of
slow- and rapid-transfer patients. We found no signifi-
cant differences between slow- and rapid-transfer
patients in terms of age, gender, the proportion function-
ally dependent prior to hospitalization, or the percentage
of patients on the ward >72 hours prior to ICU transfer.
At the time slow- and rapid-transfer patients first met a
physiologic threshold criterion, both groups had similar
pre-ICU APACHE 1II scores. The proportion of patients
meeting a second physiologic threshold criterion less
than 2 hours after meeting the first criterion was also
similar in both groups.

Process Markers

A physician was notified in less than 2 hours after the
patient first met a physiologic criteria in 59% of slow-
transfer patients compared with 91% of rapid-transfer
patients (relative risk [RR], 0.6; 95% confidence interval
[95% CI], 0.4 to 0.8). Only 23% of slow-transfer patients,

O Dependent at discharge®

M Died in-hospital §

Percent (%)

Rapid Entry

Delayed Entry

FIGURE 2. Adjusted outcomes (adjusted percent dead and
adjusted percent dependent calculated from logistic model
using means (see reference 22)): in-hospital mortality and
percentage of patients dependent at time of discharge from
the hospital (adjusted for pre-ICU APACHE Il score, age, and
number of days in hospital pre-ICU transfer). Relative risk (RR) of
functional dependence for delayed entry, 2.9; 95% confidence
interval (95% CI), 1.01 to 5.4. 'RR for death in-hospital for
delayed entry, 4.9, 95% CI, 1.9 to 9.1.

compared with 86% of rapid-transfer patients, received a
physician bedside evaluation less than 3 hours after
meeting the first physiologic criterion (RR, 0.3; 95% CI,
0.2 to 0.5). As noted earlier, at the time slow- and rapid-
transfer patients first met physiologic threshold criteria on
the ward, they were equally ill by our 2 severity-of-illness
markers, the APACHE Il score and the proportion of patients
meeting 2 or more physiologic threshold criteria. However,
by the time slow-transfer patients were transferred to the
ICU, they were far sicker than were rapid-transfer patients,
as indicated by the same 2 severity-of-illness markers re-
calculated immediately after transfer to the ICU. Fifty-
nine percent of slow-transfer patients had APACHE II
scores >20 on admission to the ICU compared to only
24% of rapid-transfer patients (RR, 1.5; 95% CI, 1.1 to
2.2). Slow-transfer patients were also more likely to meet
a second physiologic criterion by the time they were
transferred from the ward to the ICU (RR, 1.5; 95% CI,
1.04 to 2.1).

Mortality, Morbidity, and Costs

Table 3 compares mortality, morbidity, and costs for
the 2 groups. Crude in-hospital mortality was 41% for slow-
transfer patients compared to 11% for rapid-transfer
patients (RR, 3.5; 95% CI, 1.4 to 9.5). Slow-transfer
patients were also more likely to be dependent at the time
of discharge, although this difference was not statistically
significant (RR, 1.5; 95% CI, 0.96 to 2.4). Median hospital
length of stay after ICU transfer was 14 days for slow-
transfer patients and 9 days for rapid-transfer patients
(P=.03). After study entry, median total hospital costs were
$34,000 for slow-transfer patients and $21,000 for rapid-
transfer patients (P = .01). As shown in Figure 2, the
findings were not influenced by adjustment for potential
confounders. In the multivariate analysis, slow transfer to
the ICU was a significant predictor of death, discharge in a
functionally dependent state, and higher costs. We
repeated these multivariate analyses with different poten-
tial predictors included in the models in groups of 3. All
subanalyses gave similar results.

DISCUSSION

Slow transfer to the ICU was strongly associated with
increased mortality and costs. At the time patients first met
a physiologic criterion, slow- and rapid-transfer groups
were similar in terms of demographics, prior length of stay,
illness class, and severity of illness. However, by the time
they arrived in the ICU, slow-transfer patients were far
sicker than were the rapid-transfer patients. Slow-transfer
patients had much higher mortality and consumed sig-
nificantly more hospital resources. Finally, the process of
care appeared to differ for these 2 groups of patients. Slow-
transfer patients were less likely to have a nurse notify their
physician of their deteriorating condition and were less
likely to experience an early bedside physician evaluation.
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Table 2. Patient Characteristics on the Medical-Surgical Wards When a Physiologic Threshold Criterion Was First Met

Slow Transfer Rapid Transfer

(N = 56) (N = 35) P Value
Demographics
Mean age, +SE 63 = 4 61 +6 41
Age >65y, % 54 49 .65
Female, % 56 60 .66
>72 H in hospital pre-ICU 30 17 21
transfer, %
Function and disease class
Functionally dependent prehospital, % 30 23 .44
Pre-ICU diagnosis, % .64
Respiratory failure 48 53
Sepsis 36 26
Gastrointestinal bleeding 16 21
Severity of illness on ward
Mean pre-ICU APACHE II score +SE* 16 £ 2 192 .09
Pre-ICU APACHE II >20, %* 37 32 .8
Second physiologic criterion met <2 h after first criterion, % 21 29 .5

* Obtained from data at time physiologic criteria first met on the ward.

ICU, intensive care unit.

Two explanations for our findings deserve considera-
tion. First, it is possible that slow-transfer patients differed
in some way from rapid-transfer patients at the time they
first met the physiologic criterion and that this difference,
rather than the delay itself, led to their higher mortality.
Because our effect size was large and we found no evidence
of confounding by severity of illness or patient demo-
graphics, such an unmeasured risk factor would have to be
both highly predictive of mortality and not correlated with
the factors we were able to measure. This seems unlikely.

A more likely explanation is that the delay in respond-
ing to physiologic deterioration was itself responsible for
the increased mortality. Our analysis of process-of-care
markers indicates that physicians of slow-transfer patients
were less likely to receive prompt notification of the
patient’s deterioration. Even if prompt physician notifica-
tion occurred, slow-transfer patients were 61% less likely to
experience a physician bedside evaluation within 3 hours
of first meeting a physiologic criterion. We did not examine
other potential causes of slow transfer such as ICU bed
availability or physician’s perception of prognosis. How-

ever, the differences in notification and examination were
substantial and consistent with the theory that the delays
were causal.

Our data do not allow us to specify the type of medical
interventions that may account for the substantial differ-
ences in outcomes between slow- and rapid-transfer
patients. One possibility is that slow access to ICU
technology, such as pulmonary artery catheters, intra-
aortic balloon pumps, and vasopressor agents may
strongly influence outcomes.* However, the benefit of some
technologies routinely used in the ICU has been recently
questioned.?*2® In our study, the delays to physician
notification and delays to physician bedside evaluation
suggest that, during the first several hours after meeting a
physiologic criterion, slow-transfer patients received med-
ical treatment different from that received by the rapid-
transfer group. Slow transfer from the ward to the ICU may
be an indicator of inadequate basic care, such as timely
physician evaluation, receipt of sufficient intravenous
fluids, prompt diagnostic testing, antibiotics, and respi-
ratory support. Our analysis suggests that delays in

Table 3. Health Outcomes and Resources Consumed: Slow- Versus Rapid-ICU Transfer (Crude)

Slow Transfer Rapid Transfer

(N = 56) (N = 35) RR (95% CI) P Value
Health outcomes
Death in-hospital 41% 11% 3.5 (1.4 to 9.5) .004
Survivors functionally dependent at hospital discharge* 11 (33%) 5 (16%) 1.5 (0.96 to 2.4) .15
Hospital Resources'
Hospital length of stay-median (interquartile range) 14 d (7 to 20) 9d (5to 15) .03
Median/hospital costs’ (interquartile range) 34 (18 to 58) 21 (11 to 34) .01

* Mostly or totally dependent at time of hospital discharge (by modified functional independence measure score).

 Hospital costs and hospital length of stay recorded from time each patient first met physiologic criteria until time of hospital discharge.
¥ Costs in thousands of 1994 dollars.

RR, relative risk; CI, confidence interval.
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transfer to the ICU may be a surrogate marker for the
failure to undertake essential changes in therapy stimu-
lated by nurse-to-physician communication and physician
bedside evaluation. Other studies also indicate that clinical
response to severe physiologic alterations is variable and
too often inadequate.'? %26 These studies found that 66%
to 84% of patients who suffered a cardiopulmonary arrest
on a medical or surgical ward had documented evidence of
significant clinical deterioration for at least 6 to 24 hours
prior to the arrest. Survival rate for this group of patients
was under 10%. Rivers et al. determined that the outcome
of patients with severe sepsis and septic shock was largely
determined by therapies given during the first 6 hours after
presentation.?” Our study and the investigations cited
above suggest that more attention must be given to the
evaluation and management of patients on the ward who
experience physiologic deterioration. This has implications
for the nurse-to-patient ratio used in the care of ward
patients, physician availability, and systems of commu-
nication between physicians and nurses.

Three additional limitations of our study must be
acknowledged. First, our small sample size constrained our
ability to simultaneously adjust for multiple variables. Our
basic model adjusted only for age, severity of illness, and
number of days in-hospital prior to study entry. To address
this concern, we repeated the analyses with all other
potential predictor variables introduced in blocks of 3.
Our results were unchanged.

Second, our adjustment for severity of illness of
patients on the ward may not reflect true differences
between slow and rapid transfers. We used the APACHE II
system to measure illness severity pre-ICU and again after
admission to the ICU. The APACHE II and III are well
validated for use among patients admitted to the ICU.
Less is known about the use of the APACHE II and III in
the pre-ICU setting. However, the APACHE II and III
systems have been used to adjust for severity of illness in
the pre-ICU setting in a number of well-known clinical
investigations.?627-28 We chose APACHE II because of its
relative simplicity.

Finally, the predictive performance of the physiologic
criteria must be carefully considered: how well do our
physiologic threshold criteria predict the need for eventual
transfer to the ICU? Eighty-five percent of patients (91 of
107 subjects) who were urgently transferred to the ICU
from the surgical or medical wards during the study period
met a physiologic criterion prior to transfer. To further
evaluate the measure’s performance, we took advantage of
the subsequent implementation of computerized nurse
charting at the study hospital to carry out a 2-month
prospective analysis of all noncardiac patients admitted to
the surgical or medical wards. During this period, our
physiologic threshold criteria had a sensitivity of 88% and
specificity of 13% for predicting ICU transfer. The positive
predictive value of our physiologic threshold criteria was
7.5%. Thus, at the study institution, our threshold criteria
were highly sensitive but only modestly predictive of

transfer from the ward to the ICU. Whether the measures
will perform similarly at other institutions is uncertain.

CONCLUSIONS

Slow transfer of ward patients to the ICU after patients
met explicit physiologic threshold criteria was associated
with increased mortality, morbidity, and costs. Lack of
physician notification and delays in physician bedside
evaluation appear to have contributed to the delays in
transfer. Our findings should be generalized with caution.
However, this investigation suggests that timely evaluation
and treatment of hospitalized patients showing evidence of
physiologic instability may reduce the high mortality rate
currently seen in hospitalized patients transferred to the
ICU.
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