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Abstract Objective: To investigate
whether mortality in UK intensive
care units is higher in winter than
in non-winter and to explore the im-
portance of variations in case mix
and increased pressure on ICUs.
Design and setting: Cohort study in
115 adult, general ICUs in England,
Wales and Northern Ireland. Patients
and participants: 113,389 admissions
from 1995 to 2000. Measurements
and results: Hospital mortality fol-
lowing admission to ICU was com-
pared between winter (December–
February) and non-winter (March–
November). The causes of any ob-
served differences were explored by
adjusting for the case mix of admis-
sions and the workload of the ICUs.
Crude hospital mortality was higher
in winter. After adjusting for case
mix using the APACHE II mortality
probability this effect was reduced
but still significant. When additional
factors reflecting case mix and
workload were introduced into the
model, the overall effect of winter
admission was no longer significant.
Factors reflecting both the case mix
of the individual patient and of the
patients in surrounding beds were
found to be significantly associated
with outcome. After adjustment for
other factors, the occupancy of the
unit (proportion of beds occupied)
was not significantly associated with
mortality. Conclusions: The excess
winter mortality observed in UK

ICUs can be explained by variation
in the case mix of admissions. Unit
occupancy was not associated with
mortality.

Keywords Critical care · Intensive
care units · Mortality · Seasons ·
Workload · Bed occupancy
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Introduction

It is well known that mortality in the United Kingdom is
higher during winter than the rest of the year; indeed this
winter excess mortality is more severe in the UK than in
much of the rest of Europe [1, 2]. The excess deaths have
been attributed largely to cardiovascular and respiratory
diseases [1, 3, 4], but it is unclear how much this is due to
increased incidence of these conditions during winter, and
how much is due to worse outcomes in patients with the
same severity of disease. It has long been established that
case mix, in terms of types of disease, varies at different
times of the year. In around 400 BC Hippocrates ob-
served, “All diseases occur at all seasons of the year, but
certain of them are more apt to occur and be exacerbat-
ed at certain seasons” (Aphorisms 3:19). It may be that
the increased mortality in winter is simply a reflection of
higher risk conditions during winter. Every year the
British media carry stories of operations being cancelled,
hospital departments being closed, and patients being
transported across the country in search of a free bed
during what has popularly become known as the ‘winter
crisis’ (‘Hospitals ‘stretched to breaking point’, Sunday
Telegraph, 5 Jan. 1997; ‘Consultants fear crisis over NHS
bed shortage’, Daily Telegraph, 29 Dec. 1999, ‘Man dies
after 200-mile bed hunt’, The Times, 8 Jan. 2000; ‘Urgent
cancer operations delayed by epidemic’, The Independent,
12 Jan. 2000). There is an intuitive notion that these in-
creased pressures during winter may lead to worse patient
outcomes.

A vital area of the hospital during such crises is the
intensive care unit (ICU). Of the 530,870 deaths in Eng-
land and Wales in the year 2000 among persons aged at
least 15 years, 293,177 (55%) occurred in non-psychiatric
National Health Service hospitals [5]. The total number of
admissions to adult, general ICUs in England and Wales
in a single year has been estimated to be 78,000 [6]. With
an ultimate hospital mortality of around 32%, this equates
to approx. 25,000 deaths per year occurring after admis-
sion to ICU and before discharge from hospital. Conse-
quently around 9% of hospital deaths and 5% of all deaths
occur in patients treated in ICU. Garfield et al. [7] showed
that admissions to intensive care follow a seasonal pattern
with a peak in winter. The same seasonality has also been
observed in admissions to intensive care with severe
sepsis [6]. Studies have shown both directly [8, 9] and
through increased pressure for beds leading to more dis-
charges at night [10] that high ICU workload can be as-
sociated with increased mortality.

We investigated the existence of winter excess mor-
tality in ICU and the extent to which it can be explained
by variation in case mix and workload.

Materials and methods

Data

The data derived from the Intensive Care National Audit and Re-
search Centre’s Case Mix Programme Database (CMPD) covering
the period between December 1995 and May 2000. The CMPD is a
high-quality clinical database of case mix and outcome data for
consecutive admissions to adult critical care units in England,
Wales and Northern Ireland [11]. Data were collected prospectively
and abstracted by trained data collectors according to precise rules
and definitions, and were validated both locally and centrally for
completeness and illogical and inconsistent values. The data were
truncated at May 2000 to avoid confounding our results with any
impact from the Department of Health report ‘Comprehensive
Critical Care’ [12] published at that time and accompanied by
additional funding of £142.5 million for critical care.

Exclusion criteria were selected to satisfy the conditions for the
Acute Physiology and Chronic Health Evaluation II (APACHE II)
model [13] to be used for case mix adjustment. Admissions were
excluded from the primary analyses if they met any of the fol-
lowing criteria: age less than 16 years, length of stay in ICU less
than 8 h, readmission of a previous ICU admission within the same
hospital stay, transfer in from another ICU, admission following
coronary artery bypass graft, and admission for burns. A sensitivity
analysis, including these admissions, was undertaken to check that
the results were not unduly influenced by these exclusions.

We elected a priori to define winter as the period from De-
cember to February, inclusive, with non-winter defined as March to
November, inclusive. This definition was based on consultation
with clinicians regarding an appropriate definition of winter from
their experiences of critical care in the UK and was consistent with
definitions used elsewhere in the UK medical literature [14, 15, 16,
17]. The Christmas and New Year period has been shown to be
associated with highly significant variations in the patterns of ad-
missions to various specialties [18]; however, this period was not
excluded from the analyses as such variations in admission patterns
may be the cause of any variation in mortality. Mortality for a
critical care admission was measured by the ultimate hospital mor-
tality, defined as the status (alive/dead) at ultimate discharge from
hospital following admission to ICU.

The CMPD contained validated data from 113,389 admissions
to 115 critical care units during the specified time period. In total
23,932 (21.1%) admissions were excluded as a result of the
APACHE II exclusion criteria. A further 9,807 (11.0%) admissions
were excluded as they were missing either the outcome variable of
ultimate hospital mortality or one or more of the modelling co-
variates. Following these exclusions 79,650 admissions remained,
of which 19,329 (24.3%) were admitted between December and
February (winter), and 60,321 (75.7%) were admitted between
March and November (non-winter). The numbers of admissions
excluded as a result of the APACHE II exclusion criteria for winter
and non-winter are summarised in Table 1. The exclusions in
winter and non-winter were broadly similar, with the largest dif-
ference being in admissions transferred in from another ICU (4.7%
in winter vs. 3.8% in non-winter).

Statistical methods

The data were analysed according to the following analysis plan,
agreed a priori: (a) Crude mortality in winter and non-winter were
compared to establish the existence of an association. (b) If mor-
tality was found to be higher in winter, we attempted to explain this
association by case mix (risk) adjustment using the APACHE II
mortality probability and looked for any interaction between the
effects of winter admission and the APACHE II mortality proba-
bility. The APACHE II score is composed of points for age, severe
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conditions in the medical history, and acute severity defined by
derangement from the normal range for 12 physiological variables
in the first 24 h in the ICU [13]. The APACHE II predicted
probability of hospital mortality is derived from the APACHE II
score, a diagnostic category based on the reason for admission to
ICU, and an indicator for admissions following emergency surgery.
Coefficients for the predicted mortality were taken from the pub-
lished UK APACHE II model as this is better calibrated to a UK
intensive care population [19]. Case mix adjustment was performed
by including the APACHE II predicted log odds of mortality (the
logit of the APACHE II mortality probability) as a linear term in
the logistic regression models. (c) If the association still remained,
we sought to explain it by adjusting for additional covariates in a
multivariate model to account for residual case mix (not explained
by APACHE II), ICU workload as measured by the case mix of
concurrent ICU admissions, and direct measures of ICU workload.

The covariates selected for the multivariate analysis were as
follows:

Residual case mix

Number of organ system failures assessed physiologically accord-
ing to the definitions of Knaus et al. [20]. Cardiopulmonary re-
suscitation (CPR) within 24 h prior to ICU admission. Mechanical
ventilation at any time during the first 24 h in ICU (or entire stay if
less than 24 h). Surgical status classified as admissions direct to
ICU following elective or scheduled surgery, admissions direct to
ICU following emergency or urgent surgery, and non-surgical ad-
missions. Admissions direct to ICU following surgery included
admissions direct from theatre and admissions from theatre passing
through a transient location of recovery, radiography, endoscopy,
computed tomography or similar, or ‘accident and emergency’.
Non-surgical admissions were admissions to ICU from all other
sources. Night admission defined as admission to ICU between
00:00 and 04:59 hours, based on the definition used for evaluating
times of discharge from ICU by Goldfrad and Rowan [10]. Length
of hospital stay prior to ICU admission categorised as 0 days
(hospital and ICU admission on the same date), 1 day, 2 days, or 3+
days.

Case mix of concurrent admissions

Median total length of ICU stay of all admissions whose ICU stay
overlapped with the first 24 h in ICU for the index admission (or
the entire stay if less than 24 h). Median APACHE II mortality
probability from the first 24 h in ICU of all admissions whose ICU
stay overlapped with the first 24 h in ICU for the index admission
(or the entire stay if less than 24 h).

ICU workload

Unit occupancy defined as the mean proportion of beds in the ICU
occupied during the first 24 h in ICU for the index admission (or
the entire stay if less than 24 h). The number of beds in the ICU was
taken to be the number of beds registered with the Case Mix Pro-
gramme and therefore did not fluctuate on a short-term basis with
changes in staffing. Unit occupancy greater than 100% was there-
fore possible during times of high demand when additional beds
may be temporarily staffed. Throughput measured as the number of
new admissions to the ICU during the first 24 h in ICU for the
index admission (or the entire stay if less than 24 h) divided by the
number of available staffed beds (not counting the bed occupied by
the index admission). The resulting value was scaled to represent a
measurement over 24 h for admissions whose length of stay was
less than 24 h. All continuous variables were modelled as having a
linear effect on the log odds of hospital mortality (predicted
probabilities were modelled as linear in the predicted log odds). All
analyses were performed in Stata 8.0 (Stata, College Station, Tex.,
USA).

Results

The crude ultimate hospital mortality for ICU admissions
in winter was 32.2% and that in non-winter was 29.3%
(Table 2). This corresponds to an odds ratio (OR) for
winter compared to the reference period of 1.14 [95%
confidence interval (CI) 1.11–1.19; Table 3]. There were
also significant differences in case mix for winter com-
pared to non-winter (Table 2), with higher APACHE II
score (mean 18.0 vs. 17.5), more organ system failures
(mean 1.02 vs. 0.94), a higher percentage of admissions
following CPR (8.6% vs. 7.8%), a higher percentage of
mechanically ventilated admissions (69.2% vs. 65.0%),
and a higher percentage of non-surgical (medical) ad-
missions (54.7% vs. 49.5%). There was a clear seasonal
pattern in the ultimate hospital mortality by month, al-
though the numbers of admissions per unit remained ap-
proximately constant throughout the year (Fig. 1), sug-
gesting that the higher occupancy rates in winter were the
result of longer lengths of stay rather than higher rates of
admission.

After adjusting for APACHE II mortality probability,
the effect of winter admission was still significant al-
though somewhat reduced (OR 1.10, 95% CI 1.05–1.14;
Table 3). When an interaction between APACHE II
mortality probability and winter admission was included

Table 1 APACHE II exclusion
criteria for winter (December–
February) and non-winter
(March–November) (CABG
coronary artery bypass graft)

Reason for exclusion Winter (n=27,451) Non-winter (n=85,938)

n % n %
Age <16 years or missing 837 3.0 2,464 2.9
Length of stay <8 h or missing 2,636 9.6 8,004 9.3
Readmission within the same hospital stay 1,272 4.6 3,967 4.6
Transferred in from another ICU 1,287 4.7 3,262 3.8
Admission following CABG 345 1.3 1,493 1.7
Admission for primary burns 44 0.2 144 0.2
Any of the above 5,941 21.6 17,991 20.9
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in the model the effect of winter admission was found to
be most pronounced at intermediate predicted mortalities,
with little or no effect in the lower and upper quartiles of
predicted mortalities.

The results of the multivariate model are shown in
Table 4. All the covariates classified as case mix of index
or concurrent admissions were found to be highly sig-
nificant predictors of ultimate hospital mortality. Ultimate
hospital mortality increased with increasing APACHE II
score, number of organ system failures, and length of
hospital stay prior to ICU admission (Table 4). It was
higher in admissions receiving CPR within 24 h prior to
admission, and in those ventilated during the first 24 h in

ICU, and was higher in non-surgical admissions than in
emergency and elective surgery admissions (Table 4).
Although crude mortality was worse for patients admitted
at night, after adjusting for the other factors these ad-
missions were found to have significantly better outcomes
(Table 4). Increased odds of hospital mortality were as-
sociated with increasing length of stay and decreasing
APACHE II mortality probability of the patients in sur-
rounding beds (Table 4). Crude mortality did not increase
with increasing unit occupancy beyond the level of 70%
occupancy, and there was no significant effect of occu-
pancy on outcome after adjusting for the other factors.

Table 2 Summary of case mix, outcome and activity for winter (December–February) and non-winter (March–November). (IQR in-
terquartile range, CMP Case Mix Programme, CI confidence interval)

Winter (n=19,329) Non-winter (n=60,321)

Case mix
Age, mean €SD (years) 60.4€17.6 60.0€18.2
Sex

Female 8,070 (41.8%) 25,015 (41.5%)
Male 11,259 (58.2%) 35,306 (58.5%)
APACHE II

Acute Physiology Score, mean €SD 13.0€6.8 12.5€6.7
APACHE II score, mean €SD 18.0€7.6 17.5€7.5
Mortality probability, median (IQR) 0.22 (0.10–0.43) 0.20 (0.09–0.42)

Residual case mix
Number of organ system failures

0 6,684 (34.6%) 23,119 (38.3%)
1 7,453 (38.6%) 22,547 (37.4%)
2 3,710 (19.2%) 10,494 (17.4%)
3 1,185 (6.1%) 3,391 (5.6%)
4 272 (1.4%) 706 (1.2%)
5 25 (0.1%) 64 (0.1%)

CPR within 24 h prior to admission 1,659 (8.6%) 4,725 (7.8%)
Mechanical ventilation in first 24 h 13,371 (69.2%) 39,193 (65.0%)
Surgical status

Elective/scheduled 4,887 (25.3%) 17,740 (29.4%)
Emergency/urgent 3,877 (20.1%) 12,735 (21.1%)
Non-surgical 10,565 (54.7%) 29,846 (49.5%)

Night admission 00:00–04:59 hours 3,037 (15.7%) 9,285 (15.4%)
Length of hospital stay prior to admission (days)

0 7,583 (39.2%) 22,198 (36.8%)
1 5,348 (27.7%) 17,353 (28.8%)
2 1,656 (8.6%) 5,357 (8.9%)
3+ 4,742 (24.5%) 15,413 (25.6%)

Outcome
Mortality in CMP unit (95% CI) 20.8% (20.2–21.4%) 19.3% (19.0–19.7%)
Ultimate hospital mortality (95% CI) 32.2% (31.5–32.9%) 29.3% (28.9–29.7%)

Activity
Length of stay in CMP unit, median (days; IQR)

Unit survivors 1.9 (0.9–4.9) 1.8 (0.9–4.0)
Unit non-survivors 2.8 (1.2–7.7) 2.7 (1.2–7.2)
All admissions 2.0 (1.0–5.5) 1.9 (0.9–4.6)

Length of stay in hospital, median (days; IQR)
Hospital survivors 17 (10–33) 16 (10–31)
Hospital non-survivors 9 (3–21) 9 (3–21)
All admissions 15 (8–29) 15 (8–28)

ICU workload
Unit occupancy, median (IQR)a 85.7% (73.1–99.9%) 80.9% (67.0–95.6%)
Unit throughput per bed day, median (IQR)a 0.17 (0–0.29) 0.17 (0–0.30)

a During first 24 h following unit admission, averaged over admissions
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Increased throughput of cases conveyed a very slight re-
duction in odds of hospital mortality (Table 4).

After adjusting for all of the above factors, the overall
effect of winter admission was no longer significant
(P=0.09; Table 3). Discrimination of the full model was
good (area under the receiver operating characteristic
curve 0.831, 95% CI 0.828–0.833). The Hosmer-Leme-
show calibration statistic showed a statistically signifi-
cant lack of calibration. However, this measure is sen-
sitive to sample size and our model was estimated on a
very large sample. The deviations from perfect calibra-
tion, while significant, were small in magnitude and with
no evident systematic pattern (Electronic Supplementary
Material, Table S1). In a secondary analysis, including
those admissions excluded by APACHE II gave similar
results, although the effect of throughput was no longer

significant (Electronic Supplementary Material, Tables
S2, S3).

Discussion

The excess winter mortality observed in ICUs in England,
Wales and Northern Ireland can be explained by variation
in the case mix of admissions. The outcome for a par-
ticular admission was associated not only with their own
severity of illness but also with that of concurrent ad-
missions to the same ICU. However, these associations
were not in the direction expected: longer lengths of stay
and lower APACHE II probabilities of other patients were
associated with worse risk-adjusted outcome whereas we
expected these patients to be less resource intensive re-

Fig. 1 Mean number of admis-
sions per unit and ultimate
hospital mortality by month of
admission to intensive care.
Mean numbers of admissions
per unit are scaled to represent
months of 30 days duration

Table 3 Odds ratios for the effect of winter admission on ultimate hospital mortality (OR odds ratio, CI confidence interval)

Model n OR 95% CI P

Unadjusted 79,650 1.14 1.11–1.19 �0.001
Adjusted for APACHE II mortality probability 79,650 1.10 1.05–1.14 �0.001
Interaction with APACHE II mortality probability �0.001a

0–0.09 20,175 0.98 0.86–1.10 0.039b

0.10–0.21 20,280 1.16 1.07–1.25 –
0.22–0.42 19,271 1.16 1.09–1.24 –

>0.42 19,924 1.03 0.96–1.10 –
Interaction with APACHE II mortality probability in full model 0.093a

0–0.09 20,175 0.91 0.81–1.04 0.101b

0.10–0.21 20,280 1.09 1.01–1.18 –
0.22–0.42 19,271 1.07 1.01–1.15 –

>0.42 19,924 0.99 0.92–1.06 –
a Overall effect of winter and interaction with APACHE II mortality probability
b Test of interaction
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Table 4 Relationship between ultimate hospital mortality and case mix of index and concurrent admissions and measures of unit workload
(OR odds ratio, CI confidence interval)

Deaths n % Adjusted OR 95% CI P

Case mix
APACHE II mortality probability 2.00a 1.96–2.04 �0.001

0–0.09 1,234 20,175 6.1
0.10–0.21 3,598 20,280 17.7
0.22–0.42 6,806 19,271 35.3
>0.42 12,264 19,924 61.6

Residual case mix
Number of organ system failures 1.46b 1.43–1.50 �0.001

0 4,344 29,803 14.6
1 8,101 30,000 27.0
2 7,134 14,204 50.2
3 3,365 4,576 73.5
4 876 978 89.6
5 82 89 92.1

CPR within 24 h prior to admission �0.001
No 19,779 73,266 27.0 Reference –
Yes 4,123 6,384 64.6 1.79 1.68–1.90

Mechanical ventilation in first 24 h �0.001
No 3,914 27,086 14.5 Reference –
Yes 19,988 52,564 38.0 1.78 1.70–1.87

Surgical status �0.001
Elective/scheduled 2,489 22,627 11.0 Reference –
Emergency/urgent 5,290 16,612 31.8 1.21 1.13–1.29
Non-surgical 16,123 40,411 39.9 2.22 2.09–2.35

Night admission 00:00–04:59 hours 0.005
No 19,694 67,328 29.3 Reference –
Yes 4,208 12,322 34.2 0.93 0.89–0.98

Length of hospital stay prior to admission
(days)

�0.001

0 9,808 29,781 32.9 Reference –
1 4,736 22,701 20.9 1.07 1.02–1.13
2 1,784 7,013 25.4 1.25 1.16–1.34
3+ 7,574 20,155 37.6 1.92 1.84–2.02

Case mix of concurrent admissions
Length of stay, median (days) 1.17c 1.09–1.26 �0.001

0–3.8 5,084 20,276 25.1
3.9–7.1 5,732 19,397 29.6
7.2–11.9 6,323 19,993 31.6
>11.9 6,763 19,984 33.8

APACHE II mortality probability, median 0.91a 0.88–0.94 �0.001
0–0.17 3,536 19,833 17.8
0.18–0.25 5,222 19,519 26.8
0.26–0.36 6,700 20,481 32.7
>0.36 8,444 19,817 42.6

ICU workload
Occupancy (occupied beds/staffed beds) 0.99d 0.98–1.01 0.371

0–50% 1,718 5,960 28.8
51–60% 1,500 5,130 29.2
61–70% 3,039 10,351 29.4
71–80% 4,105 13,525 30.4
81–90% 5,137 16,891 30.4
91–100% 5,423 17,831 30.4
>100% 2,980 9,962 29.9

Throughput (admissions per bed day) 0.98e 0.96–1.00 0.024
0 9,492 30,653 31.0
0.01–0.19 4,355 13,763 31.6
0.20–0.33 4,898 16,865 29.0
>0.33 5,157 18,369 28.1

a Per 1 increase in predicted log odds of mortality
b Per 1 increase
c Per 5-day increase
d Per 20% increase
e Per 0.2 increase
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