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Abstract

Purpose: To describe the relationship between comorbidities and survival following admission to the intensive care unit.
Methods: Retrospective observational study using several linked routinely collected databases from 16 general intensive
care units between 2002 and 201 |. Comorbidities identified from hospitalisation in the five years prior to intensive care
unit admission. Odds ratios for survival in intensive care unit, hospital and at 30 days, 180 days and |2 months after
intensive care unit admission derived from multiple logistic regression models.

Results: There were 41,230 admissions to intensive care units between 2002 and 201 |. Forty-one percent had at least
one comorbidity — 24% had one, 17% had more than one. Patients with comorbidities were significantly older, had higher
Acute Physiology and Chronic Health Evaluation Il scores and were more likely to have received elective rather than
emergency surgery compared with those without comorbidities. After excluding elective hospitalisations, intensive care
unit and hospital mortality for the cohort were 24% and 29%, respectively. Asthma (odds ratio 0.79, 95% confidence
interval 0.63-0.99) and solid tumours (odds ratio 0.74, 0.67-0.83) were associated with lower odds of intensive care unit
mortality than no comorbidity. Intensive care unit mortality was raised for liver disease (odds ratio 2.98, 2.43-3.65),
cirrhosis (odds ratio 2.61, 1.9-3.61), haematological malignancy (odds ratio 2.29, 1.85-2.83), chronic ischaemic heart
disease (odds ratio 1.53, .19-1.98), heart failure (odds ratio 1.79, 1.35-2.39) and rheumatological disease (odds ratio
1.53, 1.18-1.98).

Conclusions: Comorbidities affect two-fifths of intensive care unit admission and have highly variable effects on subsequent
outcomes. Information on the differential effects of comorbidities will be helpful in making better decisions about
intensive care unit support and understanding outcomes beyond surviving intensive care unit.
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some conditions, such as HIV infection and haemato-

Introduction logical malignancies, have changed a great deal.”

Patients admitted to intensive care units (ICUs) often
have other conditions (comorbidities) in addition to
their principal acute illness. Comorbidities have been
shown to have significant impact on the clinical
course, complications and outcomes in the ICU.!
Consequently, they have a significant influence on
decisions to admit patients to ICU. While severity
of illness scoring systems such as Acute Physiology
and Chronic Health Evaluation (APACHE) and sim-
plified acute physiology score (SAPS) recognise the
influence of comorbidities on outcomes, specific
guidelines for admitting patients with comorbidities
are outdated because the outcomes associated with

Among all comorbidities, patients with metastatic
solid tumours and haematological cancers were previ-
ously considered to be particularly poor candidates
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for ICU admission. Attitudes may be changing in
response to evidence showing them to have better out-
comes than previously perceived.® In addition, several
studies have shown liver cirrhosis and chronic renal
failure to be associated with increased short term mor-
tality compared with patients without such comorbid-
ities.""** However, no large-scale studies drawing
direct comparisons of the outcomes of different
comorbidities in the short and long term are
available.’

The aim of our study was to evaluate the impact of
different comorbidities in patients admitted to the
ICU on both short- and long-term outcomes. We
used data from all ICUs within a large geographic
area in the UK.

Methodology

We performed a population-based study using rou-
tinely available data. Data were gathered for all
admissions between January 2002 and December
2011 to all 16 general ICUs in the West of Scotland
area of the UK (population 2.4 million). This com-
prises over 100 critical care beds in a range of hos-
pitals from large teaching hospitals to smaller district
generals. Patients under 18 were excluded. For
patients who were readmitted to the ICU during the
study period, only the first admission was included.
We used four routine databases for our study that
were linked as described elsewhere.” The primary
source was WardWatcher (Critical Care Audit Ltd,
Ilkley, Yorkshire), which collects clinical information
for all ICU admissions. This information includes
APACHE 1I score at admission and delivery of
organ support during the course of the ICU stay.
Each patient’s WardWatcher data were then linked

to Scottish Morbidity Records (SMR). We used
SMRO06 (also known as the Scottish Cancer
Registry, which records all incident cancers in the
country) and SMROI (which records clinical details
of discharges from all National Health Service acute
hospitals in Scotland). The fourth database was the
National Records for Scotland deaths records.

Organ support was defined as receipt of invasive
mechanical ventilation, vasoactive drugs or renal
replacement therapy during the ICU stay.

Socio-economic deprivation was derived from the
Scottish Index of Multiple Deprivation (SIMD), an
area based index that use seven domains (income,
employment, education, health, access to services,
crime and housing) within a small area of about 760
people (datazone) to rank it from least deprived to
most deprived. These have been divided into quintiles,
where 1 is the most deprived and 5, the least deprived.

Survival analysis was performed for patients that
had an unanticipated ICU admission after exclusion
of elective post-operative patients from the cohort.
Hospital mortality was only available after 2005,
and was complete for 99% of patients.

Calculation of comorbidities

We classified comorbidities using hospitalisation rec-
ords in the five years prior to ICU admission. The
SMRO1 records up to six diagnoses for each hospital
discharge using the International Classification of
Diseases and Related Health Problems, revision 10
(ICD-10). We selected diagnoses from only the first
three fields to reduce the likelihood of including
conditions that were relatively minor or incidental.
Table 1 gives the ICD-10 codes that we used to
classify comorbidities. We made reference to the

Table I. International Classification of Disease, 10th revision (ICD-10) codes used to define comorbidities.
Comorbidity ICD-10 codes

Asthma J45

Chronic obstructive pulmonary disease (COPD) J41-44

Liver disease
Cirrhosis and failure

Renal disease

Dialysis dependent

Chronic ischaemic heart disease (CIHD)
Myocardial infarction (M)

Heart failure

Solid malignancy

Haematological

Insulin-dependent diabetes mellitus
Non-insulin dependent diabetes mellitus

Rheumatological disease

K70.0-K70.2, K70.9, K71.0-K71.6, L71.8-71.9,
K73, K74.0-K74.2, K76.0, K76.2-K76.4

K70.3, 70.4, K71.7, K72.1, K74.3-74.6, K76.5,
K76.6, 185, 186.4, 198.2

NI18.0-N18.4, 112.9, NO3,

N18.5, N19, 749, 112.0, 113.1

125

121 122

150

C00-C76

C81-96

EIO

Ell

MO05, M06, M31.1, M32, M33, M34, M35.1, M35.3, M36
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published literature but developed our own grouping
as no existing method appeared to reflect current
intensive care practice.®® We also created a group
for patients with a single pre-existing comorbidity
unrelated to their reason for ICU admission
(‘Comorbidity 1°), and for patients who had two or
more (‘Comorbidity 2+’). Patients with a single con-
dition only were then further analysed.

Ethics approval

Formal ethics committee approval was obtained from
the West of Scotland Research Ethics Committee
(reference 12/WS/0075).

Statistical analysis

Pearson’s chi-square test of association was used for
categorical variables and two-sided Student’s f-test
was performed for continuous variables. A conven-
tional significance level of 5% was applied. Binary
logistic regression was used to explore determinants
of survival, to establish the individual impact of
case-mix factors. All variables significant at p <0.01
on univariable analysis were included in the multi-
variate model to adjust for potential confounding
between variables. These were reported as odds
ratios (ORs) along with 95 per cent confidence inter-
vals (Cls) and p values. Analysis was performed using
Stata 11.

Results

We identified 41,230 admissions to ICUs between
2002 and 2011. The mean age was 59 years, 55%
were male and a third (36%) were from the most
deprived quintile — Table 2. The mean APACHE II
score overall was 15.6. Two-fifths of patients (43%)
were admitted following surgery, with 17% of patients
receiving elective and 26% urgent or emergency sur-
gery. A fifth (22%) of patients did not require organ
support. Where organ support was required, a third
(31%) received single organ support only.

The majority of patients (59%) had no prior docu-
mented comorbidity — Table 2. Among those with a
comorbidity, 24% had one and 17% had more than
one. Patients with comorbidities were significantly
older, had higher APACHE II scores and were more
likely to have received elective rather than emergency
surgery compared with those without comorbidities.
The most frequent comorbidities were solid malig-
nancy (17%), chronic ischaemic heart disease
(CIHD) (11%) and chronic obstructive pulmonary
disease (7%).

Patients with a solid malignancy were significantly
older, had lower mean APACHE II scores, were from
less deprived areas and were more likely to have had
elective surgery compared with those without comor-
bidities. Patients with liver disease, cirrhosis and liver

failure were younger, had higher APACHE II scores,
came from more deprived areas and were more likely
to require multiple organ support.

Outcomes

After exclusion of patients who had been admitted to
ICU following elective surgery, there were 32,344
patients who had an unanticipated admission to
ICU. Survival is described for this cohort in Table 3
differentiated by presence of comorbidity.

ICU and hospital mortality

ICU and hospital mortality were 24% and 29%,
respectively, for the whole group and 21% and
25%, respectively, for patients with no comorbidities.
Short-term mortality increased as the number of
comorbidities present increased, with hospital mortal-
ity of 33% in those with one comorbidity (p <0.01)
when compared with patients without comorbidity),
and 39% in those with two or more comorbidities
(» <0.01).

There was a large variation in mortality by differ-
ent comorbidities. Mortality was highest among
patients with liver cirrhosis/failure (53% hospital
mortality, p < 0.01 when compared with patients with-
out comorbidity), those with haematological malig-
nancies (49% hospital mortality, p <0.01) and in
patients with heart failure (hospital mortality 46%,
p<0.01). In contrast, mortality was significantly
lower for patients with asthma (hospital mortality
15%, p <0.01) and type 1 diabetes mellitus (hospital
mortality 16%, p value 0.01).

Patients with solid malignancies experienced no
significant difference in ICU mortality from the no
comorbidity group (21%, p value 0.56), however,
the hospital mortality for this group was higher
(30%, p value <0.01).

Thirty- and 180-day mortality

Patients with no comorbidities had 30- and 180-day
mortality rates of 27% and 34%, respectively. Short-
and medium-term mortality were generally closely
correlated. Thus, patients with liver disease, cirrhosis,
haematological malignancy and heart failure had
some of the highest 30- and 180-day mortalities.

One-year mortality

A year after admission to ICU, 41% of patients had
died. There was a significantly higher mortality
among patients with single (46%, p <0.01) and mul-
tiple (58%, p < 0.01) comorbidities when compared to
those without comorbidity (34%). Liver disease/cir-
rhosis, heart failure and haematological malignancies
had the highest one-year mortality. Patients with
asthma had significantly lower one-year mortality
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compared to those with no comorbidity (23% vs.
34%, respectively, p <0.01).

Mortality rate

Mortality is greatest within the first few days of
admission to ICU but the additional risk declines
thereafter — Figure 1. Some difference in risk over
time is evident between comorbidity groups. Patients
with no comorbidity had the most favourable survival

Kaplan-Meier survival estimates
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Dialysis Dependent
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Figure |I. Kaplan—Meier survival curve comparing no
comorbidities, heart failure, solid malignancy, COPD, cirrhosis
and dialysis dependent patients. Dotted line at 30 days and
12 months. Log-rank test for equivalence, p value <0.01.
COPD: chronic obstructive pulmonary disease.

at all time points and this effect became more pro-
nounced with time.

Multivariable analysis of comorbidity groups

The odds of mortality in ICU, at 30 days and 12
months were compared between patients with a
range of comorbidities and none — Table 4. Odds
were adjusted for APACHE II score, age, Scottish
Index of Multiple Deprivation and ICU year, which
were demonstrated to be significantly associated with
mortality. The presence and number of comorbidities
were associated with mortality at all time points with
odds of death at ICU discharge, 30 days and 12
months of OR 1.19 (95% CI 1.12-1.27), OR 1.20
(1.13-1.28) and OR 1.36 (1.29-1.44) respectively for
patients with one comorbidity, and OR 1.35 (1.26—
1.44), OR 1.53 (1.44-1.63) and OR 2.0 (1.87-2.12)
respectively for patients with multiple comorbidities.

Asthma (OR 0.79, 0.63-0.99) and solid tumour
(OR 0.74, 0.67-0.83) were associated with lower
odds of ICU mortality than no comorbidity. ICU
mortality was raised for liver disease (OR 2.98,
2.43-3. 65), cirrhosis (OR 2.61, 1.90-3.65), haemato-
logical malignancy (OR 2.29, 1.85-2.83), heart failure
(OR 1.79, 1.35-2.39), renal disease (OR 1.66, 1.15—
2.41), CIHD (OR 1.53, 1.19-1.98) and rheumato-
logical disease (OR 1.53, 1.18-1.98).

At one year most of these conditions had a contin-
ued increase in mortality; liver disease (OR 4.01, 3.26—
4.93), cirrhosis (OR 3.28, 2.74-5.33), haematological

Table 4. Odds of death in intensive care unit (ICU), 30 days and 12 months, adjusted for age, SIMD, year of admission and Acute
Physiology and Chronic Health Evaluation Il (APACHE Il) score, with elective surgical patients removed. The comparison group is

those with no comorbidity.

ICU 30 Days 12 Months
Comorbidity Odds ratio (ClI) P value Odds ratio (CI) P value Odds ratio (ClI) P value
| Comorbidity 1.19 (1.12-1.27) <0.01 1.20 (1.13-1.28) <0.01 1.36 (1.29-1.44) <0.01
2+ Comorbidity 1.35 (1.26—1.44) <0.01 1.53 (1.44-1.63) <0.01 2.00 (1.87-2.12) <0.01
Asthma 0.79 (0.63-0.99) 0.04 0.72 (0.57-0.89) <0.01 0.81 (0.68-0.99) 0.03
COPD 1.14 (0.98-1.33) 0.84 1.13 (0.98-1.31) 0.08 1.37 (1.19-1.58) <0.01
Liver disease 2.98 (2.43-3.65) <0.0l 3.34 (2.73-4.09) <0.01 4.01 (3.26-4.93) <0.01
Cirrhosis and failure 2.61 (1.90-3.61) <0.0l 3.19 (2.32-4.39) <0.01 3.82 (2.74-5.33) <0.01
Renal disease 1.66 (1.15-2.41) <0.0l 2.05 (1.43-2.92) <0.01 2.18 (1.52-3.14) <0.01
Dialysis dependent 1.48 (0.90-2.41) 0.11 1.31 (0.81-2.10) 0.27 2.05 (1.28-3.29) <0.01
CIHD 1.53 (1.19-1.98) <0.0l 0.83 (0.70-0.99) 0.03 0.80 (0.68-0.95) 0.0l
M 1.27 (0.83—1.94) 0.28 0.98 (0.64-1.49) 0.92 1.16 (0.77-1.74) 0.48
Heart failure 1.79 (1.35-2.39) <0.0l 1.73 (1.30-2.29) <0.01 1.74 (1.30-2.32) <0.01
Solid malignancy 0.74 (0.67-0.83) <0.0l 0.84 (0.77-0.93) <0.01 1.46 (1.33-1.59) <0.01
Haematological 2.29 (1.85-2.83) <0.0l 2.64 (2.15-3.26) <0.01 4.19 (3.34-5.26) <0.01
TI diabetes 1.01 (0.71-1.43) 0.96 0.96 (0.69-1.33) <0.81 1.32 (0.99-1.77) 0.06
T2 diabetes 1.05 (0.86—1.29) 0.6l 1.00 (0.83—1.22) 0.95 1.04 (0.86—1.25) 0.38
Rheumatological disease 1.53 (1.18-1.98) <0.0l 1.63 (1.27-2.08) <0.01 1.66 (1.29-2.10) <0.01

Cl: confidence interval; Ml: myocardial infarction; CIHD: chronic ischaemic heart disease; COPD: chronic obstructive pulmonary disease.
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malignancy (OR 4.19, 3.34-5.26), heart failure (OR
1.74, 1.3-2.32), renal disease (OR 2.18, 1.52-3.14)
and rheumatological disease (OR 1.66, 1.29-2.1)
with the exception of CIHD which had lower odds
of one-year mortality (OR 0.8, 0.68-0.95). Patients
with asthma continued to have lower odds of death
at one year (OR 0.81, 0.68-0.99).

ICU mortality was similar among patients with one
(OR 1.10, 1.02-1.18) and multiple (OR 1.09, 1.01-
1.17) comorbidities. However, a difference emerged
over time, such that patients with two or more comor-
bidities had considerably increased odds of mortality
by 12 months.

Discussion

In a large unselected cohort of admissions to general
ICUs, we found that two-fifths of patients had at least
one comorbidity, of which a solid malignancy,
chronic obstructive pulmonary disease (COPD),
asthma and CIHD were the most frequent.
Mortality within ICU was greatest among patients
with liver disease, heart failure and haematological
malignancies but lower for those with type 1 diabetes
and asthma. We found a higher rate of solid cancer
patient admissions, but a lower proportion of haem-
atological patients than reported in the literature.'*!!
The appreciation of the poor outcomes for haemato-
logical malignancy patients may explain the low
admission rate in this cohort. We found that haem-
atological malignancy patients had amongst the high-
est crude mortality rates of any condition and
on multivariate adjusted analysis. In comparison,
patients with solid malignancy had a lower adjusted
ICU mortality with OR 0.74 (0.67-0.83) when com-
pared to patients without any comorbidity. This may
reflect the case mix with a larger proportion of surgi-
cal admissions in the solid tumour population who
would be expected to have superior survival. The mor-
tality benefit seen in solid tumours had reversed by
one year with a higher odds of death at this time
point.

Four-week mortality of patients with severe heart
failure reported by Zannad et al. was considerably
lower than in this study probably due to reporting
on mainly specialist coronary care units which treat
less severely ill patients than UK general ICUs.'* In a
study of general hospital admissions chronic heart
failure patients were shown to have worse survival
than cancer patients; in this paper heart failure
patients have much higher crude mortality than
solid malignancy patients at all time points so the
assertion that heart failure is ‘more malignant’ than
cancer could perhaps also be applied to an ICU
population.'?

The ICU, hospital and 180-day mortality outcomes
were broadly similar to the COPD and asthma out-
come study (CAOS) study for COPD patients.'*
This paper provides a fairly crude method for

distinguishing COPD and asthma, possibly introdu-
cing classification bias. However, patients with a pre-
vious admission for asthma have considerably lower
mortality rate at all-time points than COPD patients
and on multivariate analysis asthma had an OD less
than 1 in comparison to those with no comorbidity,
though the mechanism for this is unclear and may
reflect the more promptly reversible nature of
asthma or the younger population more commonly
affected. Consistent with the literature, liver cirrhosis
patients have extremely poor short-term survival, and
long-term survival is inevitably poor with nearly two-
thirds dying within one year. There is little to distin-
guish the outcome of those with pre-cirrhotic liver
disease and those with established cirrhosis, only
doing slightly better in the long term. Therefore
Welch’s study which groups all stages of alcoholic
liver disease (ALD) together seems logical; though
of course this paper considered many actiologies of
liver disease, not just alcohol.'”

Strengths and weaknesses

Our study has a number of strengths, such as use of
high-quality linked hospitalisation records to classify
comorbidities. Also, the cancer patients were estab-
lished using Scottish Cancer Registry data, the gold
standard for identifying incident cancer cases. Our
study had a large cohort size, being drawn from sev-
eral centres which helps to account for case-mix bias
and centre bias, such as differences in referral prac-
tices, and allows direct comparisons to be drawn in
terms of the effect of so many different conditions. We
considered the potential confounding effects of socio-
economic deprivation on outcomes, which few other
studies have done.

Weaknesses of our study include potential selection
or misclassification bias because of under recognition
of some conditions that do not result in a hospital
admission. However, a patient with a previous admis-
sion for a condition is likely to represent those with
more established disease. There is no consistent evi-
dence of under reporting in this paper with percentage
of admissions being comparable to that seen in the
literature. A potential confounder which was not
addressed was reason for admission as described;
many studies simply considered patients who had
been admitted for reasons relating to the condition
but this paper considered any reason for admission.
However, the impact of a comorbidity may be differ-
ent when it has precipitated an admission to the ICU,
although because these were all serious conditions
they will probably have been a significant factor in
any admission. A further confounder is the chronic
health component of the APACHE II score, which
contributes to the score for patients admitted with
evidence of liver cirrhosis, heart failure New York
Heart Association (NYHA) class IV, severe respira-
tory disease, chronic dialysis and immunocompromise
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(e.g. chemotherapy or haematological malignancy).'®
The impact of this on multivariate analysis is unlikely
to have affected the direction of the results but may
have reduced the ODs. A difficulty was developing
appropriate groups of comorbidities. The well-
known Charlson Comorbidity Index for example
makes no distinction between asthma and COPD,
and describes alcoholic cirrhosis of the liver as mild
liver disease and thus we felt was not fit for purpose
but one might suggest this introduces bias. Ideally we
would also have had data detailing severity of comor-
bidity such as Child Pugh scores for liver disease but
this was not available due to the retrospective nature
of the study. It would also have been beneficial to
have data on factors such as nutrition and functional
status but these are not routinely recorded. This paper
considers comorbidities individually and they may
interact in was beyond its scope to address how
these comorbidities interact, and as shown by
Barnett et al. is not simply linear."”

Implications for practice

The impact of single comorbidities on survival after
admission to ICU is significant and does not neces-
sarily reflect possible biases within the ICU commu-
nity. While this information should not dictate
admission policies it should be used to facilitate dis-
cussions with patients and families about realistic out-
comes. Clinicians should be aware that outcomes in
patients with liver disease, cirrhosis, haematological
malignancy, heart failure and rheumatological disease
are significantly poorer than that seen in patients with
other comorbidities. In the presence of other negative
prognostic factors this may raise questions about
whether these patients are receiving appropriate
end-of-life care by being admitted to ICU.

Further research

Future papers could improve identification of patients
with comorbidities by linking to further disease regis-
ters, such as the UK Renal Registry. Also the
APACHE I score might be disaggregated to remove
the chronic health component, and further work on the
multivariate model taking into account time dependent
differentials would give more accurate results.

Conclusion

This large observational study of all admissions to 16
general ICUs has established the individual effect of
many chronic conditions on mortality for patients
admitted to ICU. It demonstrates that liver disease,
liver cirrhosis, heart failure, haematological malig-
nancy and rheumatological disease are independently
associated with increased odds of death in the ICU;
and at 12 months COPD, renal disease and solid
malignancy were also associated with increased odds

of death. This paper has demonstrated the consider-
able and varied impact of chronic conditions on out-
comes for acutely unwell patients. It is hoped that this
paper will provide a valuable resource to clinicians
managing patients with critical illness, as well as
aiding conversations with patients and family.
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