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Determinants of post-intensive care mortality
in high-level treated critically ill patients

Abstract Objective: To assess the
predictive ability of preillness and
illness variables, impact of care, and
discharge variables on the post-in-
tensive care mortality. Setting and
patients: 5,805 patients treated with
high intensity of care in 89 ICUs in
12 European countries (EURICUS-I
study) surviving ICU stay. Methods:
Case-mix was split in training sam-
ple (logistic regression model for
post-ICU mortality: discrimination
assessed by area under ROC curve)
and in testing sample. Time to death
was studied by Cox regression mod-
el validated with bootstrap sampling
on the unsplit case-mix. Results:
There were 5,805 high-intensity pa-
tients discharged to ward and 423
who died in hospital. Significant
odds ratios were observed for source
of admission, medical/surgical un-
scheduled admission, each year age,
each SAPSII point, each consecutive
day in high-intensity treatment, and
each NEMS point on the last ICU
day. Time to death in ward was sig-
nificantly shortened by different
source of admission; age over

78 years, medical/unscheduled surgi-
cal admission; SAPSII score without
age, comorbidity and type of admis-

Introduction

Age, chronic health status, and severity of illness are
known to affect mortality after discharge from an inten-
sive care unit (ICU) [1, 2, 3,4, 5, 6, 7, 8, 9]. A signifi-

sion over 16 points; more than

2 days in high-intensity treatment;
all days spent in high treatment; res-
piratory, cardiovascular, and renal
support at discharge; and last ICU
day NEMS higher than 27 points
Conclusions: Worse outcome is as-
sociated with the physiological re-
serve before admission in the ICU,
type of illness, intensity of care re-
quired, and the clinical stability
and/or the grade of nursing depen-
dence at discharge.
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cant role is also often played by premature ICU dis-
charge [2, 4, 5, 7, 9], often caused by the overwhelming
demand on ICU resources [6] and generally recognized
by the instability of vital function [9] or by the need of
high nursing support [3, 8]. The relevant question behind
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these professional issues concerns the appropriateness of
availability/use of ICU resources in the hospital [10].

This study analyzed the relationship between the clin-
ical variables considered to be related to the need of care
in the ICU and post-ICU mortality. In addition to vari-
ables commonly used in such studies, we also used a
new classification identifying the intensity of treatment
on a daily basis at patient level [11, 12].

Materials and methods

The study used data on all consecutive admissions to 89 ICUs in
12 European countries between October 1994 and February 1995
[13] collected by the Foundation for Research on Intensive Care in
Europe. The ICUs included 74 general, 9 medical, and 6 surgical;
pediatric, cardiac, and neurosurgical units were excluded

Data base

The data base included the following variables.

Case-mix

These variables included: source of admission (operating theater,
recovery room, emergency room, ward, other ICU, other hospital,
other), age, diagnosis [14]; type of admission (medical, surgical
scheduled and surgical emergency), and severity of illness (Sim-
plified Acute Physiological Score, SAPSII) [15]. The APS II
(acute physiology score of SAPSII) was used to evaluate the effect
of physiological variables independently of age, comorbidity, and
type of admission.

Nursing workload

Data on the Nine Equivalents Nursing Manpower Score (NEMS
[16]) were collected daily, and the cumulative score per patient
was calculated. The NEMS of the last day was divided into three
levels, or classes [18, 17], and the degree of respiratory, cardiovas-
cular, and renal support was recorded.

Intensity of care

To classify intensity of daily medical treatment in the ICU we
used the six NEMS items relating to organ failure: monitoring,
mechanical ventilation support/continuous positive airway pres-
sure, multiple vasoactive medication, supplementary ventilatory
care, single vasoactive medication, dialysis [11]. Intensity of care
was classified as highly intensive/complex in the case of monitor-
ing coupled with invasive/active support of respiration and/or with
multiple vasoactive drugs or with a less invasive support of at
least two organs/systems (respiratory, circulatory and renal). All
other combinations of interventions were classified as less inten-
sive treatment.

Use of resource

We used length of stay (LOS) and intensity of care in the ICU:
overall and consecutive days in high treatment, i.e. “critical”
length of stay, trends in clinical courses [12], and the length of
low-intensity treatment before discharge.

Outcome

ICU and in-hospital death/survival was recorded. The protocol did
not include do-not-resuscitate orders or their equivalent, or institu-
tional ethical attitude.

Patients

Exclusion criteria were: patients with missing data and discharged
before registration of the first daily NEMS; patients who did not
receive intensive/complex treatment; and patients discharged to
other ICUs and to other hospitals.

The data set included 13,472 patients without missing data and
with at least one NEMS record. Of these, 12,615 were discharged to
ward, and 7,191 of these receiving high-intensity treatment were an-
alyzed; 1,386 died in the ICU (19.3%) and 5,805 were discharged to
ward. After ICU discharge 423 patients (7.3%) died in hospital in
15.4+20.5 days (median 9), and the others left hospital in
14.5£15.8 days (median 10). Patients receiving intensive treatment
and discharged to intermediate care units were separately handled
(n=609). The latter patients had 2.7% hospital mortality (p=0.000 vs.
mortality of patients discharged to ward). Most of them were surgical
scheduled patients [78.2 vs. 37.1%, p=0.000, with 28.8.£11.7
SAPSII points (median 27) vs. 33.5+14.2 (median 31), p=0.000].

The following variables were considered. At admission: source,
age, type, diagnostic categories, high-intensity treatment, severity
score; at ICU stay: LOS, total NEMS score, number of consecutive
and total days spent in high-treatment, number of days in low-treat-
ment, entire ICU stay in high treatment or any other combination
between high and low treatment [12], number of low-intensity days
upon discharge (0, 1, 2, >2); on discharge day: NEMS points, sin-
gle (renal) or minor (respiratory or cardiovascular) organ support,
discharge at night (22.00-06.59 or 00.00-04.59 hours).

Statistical analysis

Data are reported as mean +standard deviation, median, and inter-
quartile range (25th—75th percentiles, IQR). Quantitative variables
were compared with unpaired Student’s ¢ test; the 2 test was used
for categorical variables. Using the random numbers supplied by
statistical program, the dataset of patients discharged to ward was
split in two samples, one training set and one testing set of equal
size. On the training set we developed a logistic regression model
for post-ICU mortality; we tested all available variables and se-
lected the independent variables with a stepwise procedure. The
odds ratio (OR) and corresponding 95% confidence limit (CI) for
each variable were computed. The ability of the model to predict
the outcome of patients (dead or alive) was assessed by the area
under the receiver operating characteristic (ROC) curve. Calibra-
tion ability for the model was measured in the testing set as the ca-
pability in matching estimated to observed mortality and was eval-
uated by Hosmer-Lemeshow goodness-of-fit statistic.

Association of ICU-related variables with time to death in hos-
pital after ICU discharge was studied by Cox regression model on
the unsplit case-mix. The proportional hazard assumption was
tested by Schoenfeld residuals, and we introduced only the vari-
ables satisfying the criterion into the model. Independent variables
predicting early hospital death were selected with a stepwise pro-
cedure. Bootstrap sampling was used to validate the model, and
bootstrap hazard ratios (HR) and corresponding 95% CI for each
variable were computed. To assess the impact on post-ICU mortal-
ity of the discharge to intermediate units we performed a sensitivi-
ty analysis by comparing the hospital outcome of the enrolled pa-
tients discharged to ward with that of patients discharged to Inter-
mediate Units. The level of significance was set at p<0.05 for all
analyses. Statistical analysis was performed with Intercooled Stata
7.0 statistical package (Stata, Tex., USA).
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Results

Survivors and nonsurvivors to hospital discharge dif-
fered regarding the following: age; source and type of
admission; SAPSII/APS 1II score; ICU LOS/ critical
LOS’ (number of consecutive days with high-intensity of
care); cumulative NEMS score, NEMS score on the last
ICU day among classes; and degree of organ support in-
ferred by intensity/complexity of care during the last
ICU day (Table 1).

Multivariate analysis showed post-ICU mortality to
be significantly related to: medical admission (OR 3.59,
95% CI 1.71-7.55); admission from recovery room (OR
3.34,95% CI 1.17-9.58); admission from other ICU (OR
3.15, 95% CI 1.47-6.72); unscheduled surgical admis-

Table 1 Data on 5,805 high-intensity level of care patients dis-
charged alive from intensive unit and stratified according to hos-
pital outcome (SAPS II Simplified Acute Physiological Score,

sion (OR 2.59, 95% CI 1.57-4.27); admission from ward
(OR 2.19, 95% CI 1.49-3.23); admission from operating
theater (OR 2.05, 95% CI 1.02—4.13); every consecutive
day in high-intensity treatment (OR 1.05, 95% CI
1.02-1.07); each SAPSII point (OR 1.03, 95% CI
1.02-1.04); each year of age (OR 1.03, 95% CI
1.02-1.04); and each NEMS point on the last ICU day
(OR 1.02, 95% CI 1.00-1.05).

The area under the ROC curve was 0.77 either for
training and testing sample. The model calibration was
assessed in the testing sample (Hosmer-Lemeshow 2
test p=0.17; Fig. 1). A Cox regression model validated
by bootstrap technique was applied on 5,805 patients.
Post-ICU time to death (Fig. 2) was independently short-
ened by: medical admission (HR 4.05, 95% CI 2.50-

APS II acute physiology score of SAPS II, LOS length of stay,
critical LOS consecutive days spent in high treatment, NEMS Nine
Equivalents Nursing Manpower Score)

Nonsurvivors (n=423) Survivors (n=5,382) P
Age years 66.7+15.3/69.5 (60-77) 59.6+16.8/63 (52-71) <0.0001
Admission from (%) <0.001
Operating theater 32.7 46.5
Recovery room 2.9 2.0
Emergency room 24.0 26.8
Ward 26.9 133
Other ICU 4.4 2.1
Other hospital 6.1 6.0
Other 3.1 33
Admission type (%) <0.001
Medical 59.6 45.7
Surgical scheduled 15.5 38.8
Surgical unscheduled 24.9 15.5
SAPS II (points) 45.0+£16.4/44 (34-55) 32.6+13.6/31 (23-40) <0.0001
APS II (points) 25.6£15.6/23 (14-35) 17.9+11.9/16 (10-24) <0.0001
LOS (days) 7.6+9.6/4 (2-9) 5.2+6.9/3 (2-6) <0.0001
Critical LOS (days) 5.4+7.5/3 (1-6) 3.3+4.9/2 (1-3) <0.0001
Cumulative NEMS points <0.0001
Mean +SD 213.3£287.5 137.8+192.8
Median 108 72
IQR (54; 241.5) (42;143)
NEMS, last ICU day (%) 0.025
0-9 points 2.8 5.2

10-19 points 49.2 44.0
>19 points 48.0 50.7
NEMS, last ICU day in low treatment (%) 0.026

0-9 points 5.0 9.6

10-19 points 86.6 79.7
>19 points 8.4 10.6
Organ support <0.001
Minor, single 84.0 67.1
None 16.0 329
Discharge at night (%)
22.00-6.59 hours 24 1.4 NS
00.00—4.59 hours 1.0 0.6 NS
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6.57); unscheduled surgical admission (HR 2.57, 95% CI
1.82-3.62); age over 78 years (90th percentile; HR 2.41,
95% CI 1.87-3.09); admission from recovery room (HR
2.28, 95% CI 1.16-4.48); all ICU stay spent in high
treatment (HR 1.98, 95% CI 1.40-2.81); APS II higher
than 16 points (median value; HR 1.78, 95% CI
1.42-2.23); last ICU day with only dialysis or the mini-
mal support of respiration or circulation (HR 1.68, 95%
CI 1.23-2.31); admission from operating theater (HR
1.60, 95% CI 1.03-2.47); last ICU day NEMS higher
than 27 points (75th percentile; HR 1.51, 95% CI
1.11-2.05); admission from ward (HR 1.44, 95% CI
1.12-1.86); and more than 2 days on high-intensity treat-
ment during ICU stay (median value; HR 1.28, 95% CI
1.03-1.59.

Discussion

Post-ICU mortality can be explained by poor physiologi-
cal patient reserves before illness, severity of illness, in-
tensity of the process of care, degree of organ functions
support, and nursing dependence at discharge [1, 2, 3, 4,
5, 6, 7, 8, 9]. Several proxy measures of these causes
have been used, and their reported incidence is higher in
patients not surviving after ICU discharge: age [1, 2, 3,
4,5,6, 7,8, 9], chronic health status (e.g., malignancy
[1, 2, 6]), underlying pathology (sepsis [1], respiratory
and abdominal disorders [1, 2], organ failure [8, 9]), se-
verity at ICU admission [1, 2, 3,4, 5, 6, 7, 8, 9] and dis-
charge [9], and nursing need at discharge [3, 5, 8]. Most
of the authors [2, 3, 4, 5, 6, 7, 8, 9] indicate the shortage
of ICU/high-dependency beds to be the reason for early
discharge of patients to the ward (with insufficient nor-
malization of physiology). These findings challenge the
current availability of ICU resources in Europe [10].
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We investigated the weight of all the variables inde-
pendently associated with post-ICU mortality in an adult
international case-mix (with the exclusion of neuro-/car-
diosurgical patients). The strength of this study is based
on three factors. Firstly, the large international database
encompasses different types of patients and different
ways of working. Secondly, only severely ill patients un-
dergoing high level of care [11] were enrolled in the
study. Thirdly, the use of markers of process of care in
ICU [12] allowed the integration of physiological de-
rangement and markers of treatment in the ICU, as rec-
ommended elsewhere [4]. The markers of process of
care were LOS [8], number of days (consecutive or not)
spent in high-intensity of care, trends of treatment (high
and low intensity) in the courses of illness [12] and cu-
mulative NEMS points [8]. These can be considered a
proxy for physiological reserve consumption during the
critical illness. In addition to, the number of low-treat-
ment days before discharge is also considered an indica-
tor of the external demand of ICU beds and physiologi-
cal stability [9]. On the last day the intensity of respirato-
ry, cardiovascular or renal support [16], the dependence
from nursing care (NEMS and class distribution [17]),
and discharge at night [5, 7] were used to define the pa-
tient stability at the discharge and indirectly to assess the
pressure on ICU.

Our multivariate analysis demonstrates more exten-
sively than other reports [3, 7, 8, 9, 17] that at least one
variable from each group (preillness, illness, process of
care, discharge status) has an independently effect on
post-ICU mortality of intensively treated patients (Fig. 1),
i.e., location before ICU admission (other ICU, ward, op-
erating theater, recovery room [4, 8, 18]), medical and un-
scheduled surgical status. Moreover, in-hospital mortality
increases with severity score evaluating comorbidity and
physiological derangement at admission [3, 9, 17], the
number of consecutive days spent in high-intensity care
(acuity/intensity of treatment), and the nursing workload
on the last day [3, 8] as marker of the appropriateness of
discharge. This study found that the number of days in
high-intensity care, rather than the total number of ICUs
days (as found by Daly et al. [9]), and the cumulative
NEMS score (weak statistical weigh also in the Moreno et
al. study [8]) can be taken as a proxy of process of care re-
sponsible of the consumption of physiological reserve.

Each group of causes is also independently associated
with shortened in-hospital survival time (Fig. 2). These
include admission from recovery room, operating the-
ater, and ward, advanced age (as noted by Wallis et al.
[2]), medical and unscheduled surgical admission, and
severity of illness. High-intensity care is important when
present more than 2 days, even if not consecutive days.
Clinical instability at (or “inappropriateness” of) dis-
charge was associated with a NEMS greater than 27
points in the last day (one nurse per 1.5 patients), consis-
tent with other reports [3, 5]. Cox analysis also high-
lighted low-intensity respiratory, cardiovascular, and re-
nal organ supply on the last ICU day as a sign of residual
instability at discharge [8]. The number of days spent in
low treatment/observation monitoring before ICU dis-
charge [9] and night discharge [5, 7] did not affect out-
come, in contrast to that which was found by a study car-
ried out in a single country [5, 7, 9]. Differences in orga-
nization of intensive medicine across Europe may have
reduced the importance of this scenario.

While we agree that premature discharge means pres-
sure on ICUs [2, 5, 7, 9], we have no information on an-
other possible effect, i.e., decision to withdraw life-sus-
taining treatments [2, 6, 18]. Of note, the importance of
diagnosis was discounted in all of our analyses. This
finding, apparently illogical, seems to indicate the insuf-
ficiency of the use of the main diagnostic categories [14]
that we made to reduce the huge numbers of diagnoses.
The sensitivity analysis on hospital mortality of patients
discharged to intermediate units shows a better outcome
than that of patients discharged to the ward, as proposed
[3, 4, 10] or demonstrated [5, 7]. In any case these were
prevalently surgical scheduled patients, and their condi-
tions were significantly less severe than those of patients
discharged to ward, at odds with the report of Beck et al.
[5]. This surprising finding could be explained by the
small number (24%) of the participating ICUs with inter-
mediate unit availability in a large European sample.

In conclusion, post-ICU mortality and time at which
death occurs are chiefly and independently related to ini-
tial severity of illness, physiological stability, and, even
in stable patients, physiological reserve at discharge as
shown by the number of days with high-intensity care.
These variables, with the single exception of stability at
discharge, are not under the direct control of intensivists.
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