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Abstract

The objective of this study was to develop a model to aid clinicians in better predicting 1-year
mortality rate for patients with an acute exacerbation of chronic obstructive pulmonary disease
admitted to the medical intensive care unit (ICU) with the goal of earlier initiation of palliative
care and end-of-life communications in this patient population. This retrospective cohort study
included patients from a medical ICU from April 1, 1995, to November 30, 2009. Data collected
from the Acute Physiology and Chronic Health Evaluation 111 database included demographic
characteristics; severity of illness scores; noninvasive and invasive mechanical ventilation time;
ICU and hospital length of stay; and ICU, hospital, and 1-year mortality. Statistically significant
univariate variables for 1-year mortality were entered into a multivariate model, and the
independent variables were used to generate a scoring system to predict 1-year mortality rate. At
1-year follow-up, 295 of 591 patients died (50%). Age and hospital length of stay were identified
as independent determinants of mortality at 1 year by using multivariate analysis, and the
predictive model developed had an area under the operating curve of 0.68. Bootstrap analysis with
1000 iterations validated the model, age, and hospital length of stay, entered the model 100% of
the time (area under the operating curve=0.687; 95% CI, 0.686-0.688). A simple model using age
and hospital length of stay may be informative for providers willing to identify patients with
chronic obstructive pulmonary disease with high 1-year mortality rate who may benefit from end-
of-life communications and from palliative care.

Chronic obstructive pulmonary disease (COPD), the fourth ranked cause of death in the
United States, is a heterogeneous disease with an unpredictable course.l:2 Previous work
oriented toward prognosis and advance care planning aimed to identify factors associated
with mortality during and after a hospitalization for an acute exacerbation of COPD.2-10
Despite our increased understanding, there remains a disconnect between this knowledge
and its application to patient care. Clinicians struggle to reliably predict outcomes for
patients hospitalized with a COPD exacerbation.1:11:12 In particular, a hospital admission for
a COPD exacerbation that requires intensive care represents a significant milestone that may
merit advanced care planning and could be an opportunity to initiate end-of-life
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communications. Early referral to palliative care has been shown to improve quality of life,
patient satisfaction, and survival in patients with incurable lung cancer.13-15 Interestingly,
when compared with those with a malignancy, despite equal or higher ratings of symptom
severity, including pain and dyspnea, patients with COPD are less likely to be offered
palliative care services.16-18 |t has been demonstrated that patients with COPD and their
health care providers are hesitant to discuss goals of care and palliative treatment and are
more likely to have conversations about end-of-life care when these patients are in extremis
or hospitalized than when stable in the outpatient setting.17:19

The objective of this study was to develop a model with simple variables robust enough to
predict mortality rate at 1 year in a patient population with high risk of death, like those with
an acute exacerbation of COPD requiring admission to an intensive care unit (ICU), in a
time frame appropriate to initiate palliative care. The latter could have a substantial effect on
the quality of life of patients and caregivers and on our health care system by avoiding
unnecessary hospitalizations.

PATIENTS AND METHODS

This retrospective cohort study reviewed admissions to the medical ICU of a tertiary
academic medical center from April 1, 1995, to November 30, 2009. Data were abstracted
from an Acute Physiology and Chronic Health Evaluation 111 (APACHE I11) database for
patients 18 years or older. This study was approved by the Mayo Foundation Institutional
Review Board (number 1283-01).

Baseline demographic characteristics collected included age, sex, and race. Factors from the
hospital course retrieved from the database were ICU admission diagnosis, Sequential Organ
Failure Assessment (SOFA) score on admission, APACHE Il score on admission, ICU and
hospital length of stay, and the use and duration of invasive or noninvasive mechanical
ventilation. ICU, hospital, and 1-year mortality data were collected by reviewing survival
status and date of death in the medical record.

Data were summarized as mean + SD, median (interquartile range), or percentage.
Univariate analysis was performed to identify variables associated with 1-year mortality.
Those of statistical significance were then entered into a stepwise multivariate logistic
regression analysis to identify independent variables affecting 1-year mortality. Once the
independent variables were identified, we transformed the continuous predictor variables
into categorical variables by using their quartile values. Nominal logistic analysis was
performed by using the subgroups to predict 1-year mortality. The odds ratio for 1-year
mortality for each subgroup was then used to assign a score for each quartile, a method
previously reported.2? Odds ratios were rounded up or down to assign a score. Those odds
ratios with a 95%CI crossing 1 were not assigned points. The scores for all the independent
predictor variables were added, and a total mortality score was generated for each patient.
The capability of the scoring system was evaluated by using area under the operating curve
(AUC).
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Bootstrap analysis was performed for confirmation of internal validity of the model because
it has been shown to be an acceptable means to internally validate predictive models.2! This
is a statistical method that randomly samples with replacement a study sample of the same
size from the original study sample from which the prediction model was developed. The
bootstrap samples are similar but not identical to the study sample and a model is created
from each bootstrap sample with its own AUC. The AUC from a bootstrap analysis reflects
how the model would likely perform when applied to similar individuals from a new or
external population.22

Model calibration was evaluated on the basis of goodness of fit by using the Hosmer-
Lemeshow chi-square statistic, with lower chi-square values and higher P values indicative
of better fit. Model discrimination was assessed on the basis of receiver operating
characteristics-AUC, with a receiver operating characteristic -AUC of 0.5 indicative of the
effects of chance alone and a receiver operating characteristic-AUC of 1 indicative of
faultless discrimination. A Cox proportional hazards regression model comparing years
1995-2000, 2001-2005, and 2006—2009 was used to determine whether the year of
admission affected the mortality rate. A Kaplan-Meier survival curve for the 1-year period
was constructed.

RESULTS

There were 25,287 admissions to the medical ICU, based on the documented admission
diagnosis by ICU nurses trained in APACHE definitions; 761 admissions (3%) were for
acute exacerbation of COPD. Of these admissions, 130 patients had more than 1 episode of
care in the ICU, and for these patients, data from only the first hospital admission were used
for analysis. After excluding 40 patients lost to follow-up at 1 year, a total of 591 patients
were included in the analysis. Similar to previous studies, the population analyzed represents
a small portion of all ICU admissions.223

Among the 591 patients, 51% were men, 93% were Caucasian, and the mean age was 7011
years. The mean APACHE |1l and SOFA scores on the day of admission were 41+19 and
3+2, respectively. At 1 year from the time of ICU admission, 295 of 591 patients had died
(50%). Forty-one patients (7%) died while in the ICU, and 87 patients (15%) died before
discharge from the hospital. The median ICU length of stay was 2 days (interquartile range,
1-3), and the median hospital length of stay was 5 days (interquartile range, 3-9).

The variables with a statistically significant univariate association with 1-year mortality
were age, ICU and hospital length of stay, use of noninvasive ventilation, and SOFA and
APACHE 111 scores on the day of admission. There was no statistically significant
association between 1-year mortality and race, sex, or the use of invasive mechanical
ventilation.

The stepwise multivariate logistic regression model showed age and hospital length of stay
to be independently associated with 1-year mortality as shown in Table 1. The quartile
subgroups of hospital length of stay and age as well as the odds ratio for mortality are
described in Table 2. After creating a mortality score by using the odds ratios, the model
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showed an increased chance of death at 1 year with increasing scores and had an AUC of
0.68. Bootstrap analysis was performed with 1000 bootstraps of the logistic model. The
score variable entered the model 100% of the time. The estimated AUC was 0.687, with a
95% CI of 0.686 to 0.688. The probability of death for each possible score is shown in
Figure 1. The model calibration was confirmed on the basis of goodness of fit by using the
Hosmer-Lemeshow chi-square statistic (P=.759). The analysis was repeated with exclusion
of patients who expired before hospital discharge, and there was no change in the
development or predictive capacity of the model. The Cox proportional hazards regression
model comparing the mortality rate between years 1995 and 2000, 2001 and 2005, and 2006
and 2009 showed that there was no significant difference in the mortality rate based on the
year of admission (P=.76). The Kaplan-Meier survival curve constructed for the 1-year time
period is shown in Figure 2.

DISCUSSION

Our study found that a simple model using age and hospital length of stay had good ability
to inform clinicians about predicting 1-year mortality rate for patients with COPD admitted
to the ICU with an acute exacerbation. The proposed easy-to-use model can add to the
physician’s intuition about the advent of end of life. We believe that predicting 1-year
survival in this clinical situation is important because it may facilitate timely referral to
palliative care, a well-reported deficit in our current COPD care.13:18.24 As an example in
our model, a patient aged 72 years with a hospital length of stay of 7 days would be assigned
a score of 5 points. This score corresponds to a predicted 1-year mortality rate of 70%. In
our cohort, 32% of the patients had a score of 5 points or more. If we consider that our
sample is representative, using this simple model may allow health care providers to
consider the initiation of palliative care services in that percentage of individuals.

Our hospital and 1-year mortality rate of 14% and 49% fall in line with previously reported
data on hospital and 1-year mortality, which ranged from 11% to 24% and from 17% to
59%, respectively.2:3:5-7 Interestingly, in our study, markers of disease severity including
APACHE 111 and SOFA scores and the use of mechanical ventilation were not
independently associated with 1-year mortality once accounting for age and hospital length
of stay. The lack of relation between APACHE 111 and SOFA scores and 1-year mortality is
not surprising because these scores are related to short-term mortality end points primarily.
The lack of significance between the use of invasive or noninvasive mechanical ventilation
and mortality was surprising because previous studies have shown better outcomes
associated with the use of noninvasive ventilation.2>-27 However, given the small sample of
mechanically ventilated patients in this study, it may not be adequately powered to address
this topic.

The development and use of models to predict mortality is clinically relevant because many
studies have shown that a physician’s ability to predict the outcome of a patient with COPD
hospitalized with an acute exacerbation is unreliable.->:11.12 predictive models and scoring
systems are used more frequently today as an adjunct to clinical decision making and
provider’s intuition regarding patient prognosis and ideal next steps in care. Although
models and scoring systems are developed from cohorts of patients, the overall goal of
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developing them would be to apply their use not only to a cohort of patients but also to be
able to use them on an individual case-by-case basis as additional prognostic tools to aid in
clinical decision making. To date, most models predict solely in-hospital mortality and, or,
are moderately complex with incorporation of 5 or more clinically relevant variables. One of
the strengths of our work is its simplicity and use of objective factors that are easily
accessible. Our model’s predictive capability is not meaningfully inferior to those of similar
studies looking at short-term mortality after hospital discharge.>12 Connors et al® developed
a multivariate model from seriously ill patients with acute exacerbation of COPD that had
good discrimination (AUC 0.73) to predict survival at 180 days by using age, body mass
index (calculated as the weight in kilograms divided by the height in meters squared), acute
physiology score, albumin, presence of congestive heart failure or cor pulmonale, arterial
partial pressure of oxygen/fraction of inspired oxygen concentration, and activities of daily
living. Roche et al?8 developed a model with good discrimination (AUC 0.79) of hospital
mortality, but it incorporated the subjective indices, lower limb edema, and use of accessory
muscles of respiration. The use of subjective variables represents a limitation because
consistent translation to other studies cannot be guaranteed. In addition, their study excluded
patients admitted to the ICU, a significant “at-risk population.”

More recently, a model with strong predictive value of hospital and 30-daymortality for
patients with acute exacerbations of COPD (AUC 0.86) was based on dyspnea score,
eosinopenia, consolidation, atrial fibrillation, and acidemia.2! However, it excluded patients
in an ICU setting and did not examine the model’s utility beyond 30 days
posthospitalization, making it less practical for initiation of the palliative process. The model
of Wildman et al2 predicted 180-day mortality after admission to an ICU for acute
exacerbation of COPD that had good discrimination (AUC 0.747).12 Although this model
performed better than clinicians in predicting 180-day mortality, it requires the collection of
more than 15 data points/factors, making it difficult to use in clinical settings.

Similar to our results, Seneff et al? identified age 65 years and older as having a significant
association with 1-year mortality. Consistent with our findings, related work has identified
no association between factors such as physiologic derangement, use of mechanical
ventilation, or multiorgan dysfunction, and likelihood of death at 2 or 5 years after ICU
admission for acute exacerbation of COPD.89 A recent review by Messer et al* found that
length of hospital stay before ICU admission and abnormally high acute physiology score
were independently predictive of 6-month mortality.* However, in contrast to our work and
because of the nature of the publication, a literature review, they were unable to create a
model for translation to clinical use.

The results of our study could have a significant effect by stimulating the early involvement
of palliative care services. Palliative care has been associated with better symptom control
and improved quality of life and health care for patients.13-1% In this patient population in
which it has been shown that patients have little understanding of their disease and
significant anxieties regarding what their end of life will entail, it is especially important to
identify those patients who are appropriate for palliative care referral.16-19.29 we believe
that our analysis targeted a population at high risk of short-term mortality: approximately
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40% of Medicare decedents in 2009 with a diagnosis of COPD had an ICU stay within the
last months of life and 20% had 3 or more hospitalizations within the last 90 days of life.30

Our study focused solely on patients with an acute exacerbation of COPD admitted to a
single center, tertiary referral medical ICU. Our study population was largely Caucasian.
The analysis did not include some potentially important variables such as body mass index,
an assessment of dyspnea, forced expiratory volume over 1 second, or cardiovascular
comorbidities. However, we included comprehensive physiologic data (APACHE) that
ended up not being more meaningful than age and hospital length of stay. Information
regarding the dismissal disposition and resuscitation, or code, status of patients in our study
sample was not reliably ascertainable from the medical record and may have provided
clinically useful information. The model’s AUC is lower than that of the other predictive
models referenced. However, in comparison to those models, many of which incorporate a
greater number of variables, use subjective factors, or exclude patients in an ICU setting,
this model is simple with use of only 2 objective factors. As such, this work and model can
still provide meaningful contributions because it can be easily applied to patient care. The
model’s performance on internal validation was good; however, further external validation
of the model in other patient populations may be prudent. The effect of hospital length of
stay may not be the same in other institutions because ICU and hospital length of stay can be
affected by variation in ICU admission policies, as well as by availability of nursing home
or other acute care beds.

CONCLUSION

Patients with COPD admitted with an acute exacerbation to a medical ICU have a
substantial risk of mortality within 1 year after admission. The simple factors of age and
hospital length of stay can be used to predict the likelihood of mortality within 1 year and
help guide the timing of critical end-of-life care discussions and involvement of palliative
care services with the goal of improving patient quality of life and reducing the costs of end-
of-life care.
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ICU intensive care unit
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SOFA Sequential Organ Failure Assessment
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FIGURE 1.
Probability of 1-year mortality based on proposed scoring system.
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Kaplan-Meier survival curve for the 1-year period.
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Multivariate Logistic Regression Analysis of Variables Predictive of 1-Year Mortality in Patients With COPD
Admitted to the ICU With Acute Exacerbation

Likelihood ratio
Variables x?>  Probability>y?
Age 44.43 <.0001
Hospital length of stay 13.12 .003
SOFA score on admission 2.95 .09
ICU length of stay 1.50 .22
Use of noninvasive ventilation 0.55 46
APACHE Il score on admission ~ 0.17 .68

APACHE 111 = Acute Physiology and Chronic Health Evaluation 111; COPD = chronic obstructive pulmonary disease; ICU = intensive care unit;

SOFA = Sequential Organ Failure Assessment.
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Points Assigned on the Basis of Odds Ratio of Mortality for Quartiles of Age and HLOS2

TABLE 2

Odds Ratio Estimates

95% Wald
Effect Point estimate  confidencelimits  Points assigned
Age 80+y vs <65y 6.217 3.575 10.812 6
Age 70-79y vs <65y 2.757 1.783 4.261 3
Age 65-69 y Vs <65 y 1.605 0.950 2.713 b
HLOS >9dvs<4d 2511 1.599 3.944 2
HLOS >7-9dvs<4d 2.011 1.110 3.644 2
HLOS >5-7dvs <4 d 1.245 0.755 2.054 ob
HLOS 4-5dvs<4d 1.322 0.705 2.477 ob

aHLOS = hospital length of stay.

b . . .
Indicates that no points were assigned as the 95% CI crossed 1.

Mayo Clin Proc. Author manuscript; available in PMC 2016 January 06.

Page 12



