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The Use of Charlson Comorbidity Index for Patients Revisiting
the Emergency Department within 72 Hours
Han-Yi Wang, MD; Ghee Chew, MD; Chia-Te Kung, MD; Kun-Jung Chung, MD;
Wen-Huei Lee, MD
Background: To validate the use of the Charlson Comorbidity Index (CCI) for predicting
admission of patients revisiting the Emergency Department (ED) within 72
hours.
Methods:
Non-trauma patients aged above 17 years old who revisited an urban ED
within 72 hours during January of 2004 were included in this retrospective
observational study. Demographic data, diagnosis, CCI, in-hospital mortality
rate and length of hospital stay were reviewed, and comparisons were made
between the patients who were admitted or discharged on their return visits.
Results:
Of the 168 enrolled patients, 60 were admitted to a ward and 108 were discharged. Revisiting patients with high CCIs (≥ 2) had a higher admission rate
(67.3% vs. 22.7%; p < 0.001) and an increased adjusted odds ratio of admission (odds ratio (OR) 2.06; 95% confidence interval (CI) 1.14-3.75) than low
CCI patients. Admitted revisiting patients with high CCIs had poorer prognoses, longer hospital stays (11.79 8.92 days vs. 6.78 5.17 days; p <
0.05) and a higher in-hospital mortality rate (15.2% vs. 3.7%; p = 0.209).
Conclusion: CCI was well correlated with the admission possibility of patients revisiting
the ED within 72 hours. More clinical management and discharge strategies
should target those revisiting patients who have more comorbidities.
(Chang Gung Med J 2007;30:437-44)
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T

he review of unexpected returns to the
Emergency Department (ED) is a powerful tool
for quality assurance and improvement of patient
care.(1-3) Most unscheduled returns are a result of illness- and patient-related factors rather than medical
errors, and only one-third of these cases are avoidable.(3,4) The reasons for these returns have undergone
the greatest analysis. High-risk patients are also
prone to unscheduled returns. As such, identifying
risk factors, such as certain diagnosis groups, chief

complaints and demographic factors,(5-7) is the next
target for prospective prevention strategies to minimize unscheduled returns.
Unscheduled hospital re-admissions are a critical indicator of the severity of a patient’s condition.
Such patients are also potential sources of medical
and legal problems arising from medical errors or
patient dissatisfaction. Thus, admissions of patients
revisiting the ED within 72 hours could be an important target to improve discharge decisions and the
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quality of patient care. Few studies have focused on
this group. One study on admissions of patients
revisiting the ED within 72 hours identified patients
older than 65 years and elderly patients with insurance as risk factors.(8) Is comorbidity a prognostic
factor for the admission of revisiting patients? This is
the question we have tried to answer.
The Charlson Comorbidity Index (CCI) is a
scoring system that includes weighting factors on the
basis of disease severity. The system was developed,
originally, as a prognostic indicator for patients with
a variety of medical conditions who were admitted to
a general medical service, and was then validated in
an independent cohort of women with breast cancer.(9) Since it was first published, the CCI has been
commonly used to measure patients’ comorbid conditions. The aim of this study is to use the CCI to
measure the comorbid conditions of patients revising
the ED within 72 hours in order to evaluate its validity as a prognostic indicator for admission.

METHODS
This retrospective observation study was conducted at a tertiary referral medical center, which is
situated in the urban area of Kaohsiung, the second
largest city in Taiwan. The medical center is a 1,700bed private teaching hospital with approximately
60,000 annual adult non-trauma visits to the ED. All
adult non-trauma patients who were discharged from
the ED and revisited within 72 hours during the
whole month of January 2004 were included in the
study.
All revisits within 72 hours were noted by the
ED computer information system as part of a quality
control surveillance program. ED physicians were
alerted and compulsorily required to input the reasons for the revisit when they accessed the computer
on the patients’ return visit. The reasons for the
revisit were classified into 5 categories, including
new problem, disease-related factors, patient-related
factors, physician-related factors and other. ED
physicians admit or discharge patients on their return
visit according to individual clinical decisions. An
Outpatient Department appointment is arranged if
necessary and is followed by a telephone call
between 3 to 5 days after the patient was discharged
on their return visit. The exclusion criteria included
those who left the ED against medical advice, cases
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in which the first and second visits were determined
to be due to a new problem, and patients who were
lost to follow up after the second visit.
Enrolled patients were divided into admission
and discharge groups. The admission group was
composed of patients who returned within 72 hours
and were admitted to hospital. The discharge group,
as the control group, was composed of revisiting
patients who were discharged from the ED during
the study period. The medical charts were reviewed
to record the patients’ age, gender, initial diagnosis,
length of hospital stay, in-hospital mortality and CCI.
These demographic data, clinical characteristics and
CCI score were compared between the admission
group and discharge group.
The present disease nomenclature based on the
ICD-9-CM is not a good indicator of disease severity. A weight was assigned in each indicated diagnosis and added together to provide a total CCI score.
A disease with different severities was classified in
different categories. For instance, diabetes was
weighted as 1 but diabetes with end-organ damage
was weighted as 2. Myocardial infarction, congestive
heart failure, peripheral vascular disease, cerebrovascular accident, dementia, chronic pulmonary disease,
connective tissue disease, gastrointestinal ulcer disease, mild liver disease and diabetes mellitus were
all weighted 1 (Table 1). Hemiplegia, moderate to
severe renal disease, diabetes with end-organ damage, tumor of any type, leukemia and lymphoma
were weighted 2. Moderate to severe renal disease
was weighted 3. Autoimmune deficiency syndrome
and metastatic solid tumor were weighted 6. A
weight of 1 or 0 was classified as low comorbidity
and a weight of 2 and more was classified as high
comorbidity.
Analysis was performed with SPSS software
(version 11.5, SPSS Inc., Chicago, IL, USA).
Distribution of age, gender, initial diagnosis and CCI
score between the admission and the discharge
groups were analyzed to identify significant associations between these clinical characteristics.
Statistical tests were used to compare variables
between two study groups including chi-square test
for dichotomous variables and t-tests for normally
distributed continuous variables. To derive the correlation of admission possibility with confounding factors, binary logistic regression analysis was used. In
addition to gender and age comparisons between
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Table 1. Charlson Comorbidity Index
Assigned weights for disease

Disease

1

Myocardial infarction
Congestive heart failure
Peripheral vascular disease
Cerebrovascular accident
Dementia
Chronic pulmonary disease
Connective tissue disease
Gastrointestinal ulcer disease
Mild liver disease
Diabetes mellitus
2
Hemiplegia
Moderate to severe renal disease
Diabetes with end-organ damage
Any tumor
Leukemia
Lymphoma
3
Moderate or severe liver disease
6
Autoimmune deficiency syndrome
Metastatic solid tumor
From “A new method of classifying prognostic cormorbidity in
longitudinal studies: development and validation,” by Charlson
ME, Pompei P, Ales KL, MacKenzie CR, 1987, J Chronic Dis,
40, p377. Copyright 1987 by Pergamon Journals Ltd.

high and low comorbidity groups of revisiting
patients, length of hospital stay and in-hospital mortality rate were compared for admitted revisiting
patients using the same statistical procedures. Binary
logistic regression was also used for adjusting potential confounding factors.

RESULTS
During the study period, 6,282 patients visited
the ED and a total of 183 patients revisited within 72
hours. Thirteen patients were excluded based on the
exclusion criteria. Sixty-two patients returned and
were admitted to the ED after 72 hours of discharge.
Two of them were excluded due to missing admission records. Thus, sixty patients were enrolled as
the admission (study) group and the other 108 discharged revisiting patients were enrolled as the discharge (control) group. All patients in the discharge
group were followed up by telephone calls, and it
was confirmed that they were stable and had not
been admitted to other hospitals.
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The characteristics and demography of the
admission and discharge groups are shown in Table
2. The mean age of the admitted patients was higher
than that of the discharged patients (58.53 15.27
years vs. 44.87 18.10 years, p < 0.001). Older
patients (> 66 years) had a more than fourfold
increased odds ratio of admission compared to
younger patients (aged between 18-30 years, OR
4.40; 95% confidence interval (CI) 1.14-16.95).
Among the admitted patients, the most frequent initial diagnosis was digestive problems (31.7%), followed by malignancy-related conditions (23.3%).
Digestion-related problems were also the main diagnosis for the discharge group, followed by skin and
subcutaneous tissue problems (13.9%). The patients’
initial diagnoses were statistically associated with
admission rate (p = 0.024). The admission group had
a higher mean CCI than the discharge group (2.25
2.14 vs. 0.68 1.43, p < 0.001). We also found that
revisiting patients with high CCIs had a higher
admission rate (67.3% vs. 22.7%; p < 0.001) than
low CCI patients. The patients with high CCIs had a
more than fivefold increased odds ratio of admission
after revisiting than those with low CCIs (OR 5.12;
95% CI 1.95-13.43).
The patients with high comorbidity had
increased odds ratio of admission after adjustment
for the potential confounders of age and initial diagnosis (OR 2.06; 95% CI 1.14-3.75). The initial diagnoses still had a statistically significant correlation
with admission after adjustment (OR 1.11; 95% CI
1.04-1.18). However, age did not statistically
increase the adjusted odds ratio of admission (OR
1.06; 95% CI 0.09-1.24).
The frequency and the index weight of different
comorbid diseases in the admission group are shown
in Table 3. The most frequent underlying conditions
were diabetes-related (25.7%), followed by malignancy-related conditions (20.6%) and liver disease
(13.7%).
Among the 60 admitted revisiting patients, high
comorbidity patients had longer hospital stays (11.79
8.92 days vs. 6.78 5.17 days; p < 0.05) than low
comorbidity patients (Table 4). We also found those
admitted revisiting patients who had longer hospital
stays had increased odds ratio of high CCI (OR 1.11;
95% CI 1.01-1.23). This result did not change after
adjusting for other potential confounders (adjusted
OR 1.11; 95% CI 1.00-1.23). Five patients (15.1%)
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Table 2. Characteristics of Admission and Discharge Groups of Patients Revisiting within 72 Hours
Characteristics
Gender
Female
Male
Age (years)
18-30
31-45
46-65
Over 66
Mean S.D.
Initial diagnosis
Circulatory
Mental
Respiratory
Digestive
Genitourinary
Skin and subcutaneous tissue
Musculoskeletal
Symptom-based
Malignancy-related
Charlson Comorbidity Index
Low comorbidity
High comorbidity
Mean S.D.

Admission group
n = 60 (%)

Discharge group
n = 108 (%)

34 (56.7)
26 (43.3)

57 (52.8)
51 (47.2)

4 (6.7)
9 (15)
24 (40)
23 (38.3)
58.53 15.27

30 (27.8)
30 (27.8)
31 (28.7)
17 (15.7)
44.87 18.10

6 (10.0)
0 (0)
5 (8.3)
19 (31.7)
5 (8.3)
1 (1.7)
2 (3.3)
9 (15.0)
13 (21.7)

6 (5.5)
1 (0.9)
10 (9.3)
29 (26.9)
8 (7.4)
15 (13.9)
4 (3.7)
28 (25.9)
7 (6.5)

0.024*

27 (45)
33 (55)
2.25 2.14

92 (85.2)
16 (14.8)
0.676 1.43

0.000*

p value

0.747

0.000*

Crude OR
(95% CI)
1.00
0.89 (0.43-1.88)
1.00
1.84 (0.48-7.00)
2.41 (0.68-8.95)
4.40 (1.14-16.95)*

1.00
N/A
0.50 (0.11-2.38)
0.66 (0.18-2.34)
0.63 (0.13-3.07)
0.07 (0.01-0.68)
0.50 (0.07-3.85)
0.32 (0.08-1.25)
1.86 (0.43-7.98)
1.00
5.12 (1.95-13.43)*

Abbreviations: OR: odds ratio; CI: confidence interval; S.D.: standard deviation; N/A: not applicable; *: p < 0.05

Table 3. Frequency of Charlson Comorbidity Index Categories of
60 Admitted Patients who Revisited within 72 Hours
Condition
Myocardial infarction
Congestive heart failure
Peripheral vascular disease
Cerebrovascular accident1
Dementia
Chronic pulmonary disease
Connective tissue disease
Gastrointestinal ulcer disease
Mild liver disease
Diabetes mellitus
Hemiplegia
Moderate to severe renal disease
Diabetes with end-organ damage
Any tumor
Leukemia
Lymphoma
Moderate or severe liver disease
Autoimmune deficiency syndrome
Metastatic solid tumor

Weight

Frequency,
n = 73 (%)

1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
3
6
6

4 (5.5)
4 (5.5)
1 (1.4)
1 (1.4)
0 (0)
5 (6.8)
1 (1.4)
8 (11)
4 (5.5)
17 (23.2)
0 (0)
5 (6.8)
2 (2.7)
8 (11)
1 (1.4)
0 (0)
6 (8.2)
0 (0)
6 (8.2)

with high comorbidity expired during admission,
with admission stays of 3, 5, 11, 11 and 20 days,
respectively. Their mean CCI was 4.33. One patient
from the low comorbidity group died within 7 days
of revisiting. However, the difference in in-hospital
mortality rates between the high and low co-morbidity groups was not significant (15.2% vs. 3.7%; p =
0.209).
In Table 5, among the total of 168 enrolled
patients, those with high CCIs were significantly
older than the low CCI patients (60.41 13.43 years
vs. 43.36 19.29 years; p < 0.001). We also found
older patients (age > 46 years) had increased odds
ratio of high CCI (OR 17.28; 95% CI 2.13-140.13).

DISCUSSION
Some studies on ED revisiting have aimed at
explaining why patients returned and identifying
medical errors.(1,2) Others have focused on risk factors
for ED revisits, especially in the elderly.(5-7) The CCI
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Table 4. Correlations between Charlson Comorbidity Index and Characteristics of 60 Admitted Patients who Revisited within 72 Hours
Characteristics
Gender
Female
Male
Age (years)
18-30
31-45
46-65
Over 66
Mean S.D.
Length of stay
Mean S.D.
In-hospital mortality
Dead
Alive

Low comorbidity patients
n = 27 (%)

High comorbidity patients
n = 33 (%)

15 (55.6)
12 (44.4)

19 (57.6)
14 (42.4)

4 (14.8)
5 (18.5)
10 (37.0)
8 (29.7)
53.26 17.13
6.78

5.17

1 (3.7)
26 (96.3)

Crude OR
(95% CI)

Adjusted OR
(95% CI)†

0.875

0.69 (0.21-2.25)
1.00

0.81 (0.18-3.56)
1.00

0 (0)
4 (12.1)
14 (42.4)
15 (45.5)
62.85 12.79

0.095

N/A
1.61 (0.31-8.27)
0.80 (0.22-2.92)
1.00

N/A
1.59 (0.23-10.96)
0.94 (0.22-4.11)
1.00

11.79

0.003*

1.11 (1.01-1.23)*

1.11 (1.00-1.23)*

0.209

0.29 (0.03-3.36)
1.00

0.33 (0.03-4.18)
1.00

8.92

p value

5 (15.2)
28 (84.8)

Abbreviations: OR: odds ratio; CI: confidence interval; N/A: not applicable; S.D.: standard deviation; *: p < 0.05; †: adjusting for other
variables in the Table
Table 5. Correlations between Charlson Comorbidity Index and Characteristics of 168 Revisiting Patients
Characteristics

Low comorbidity patients
n = 119 (%)

High comorbidity patients
n = 49 (%)

65 (54.6)
54 (45.4)

26 (53.1)
23 (46.9)

0.866

1.00
1.19 (0.54-2.63)

33 (27.7)
34 (28.6)
31 (26.1)
21 (17.6)
43.36 19.29

1 (2.0)
5 (10.2)
24 (49.0)
19 (38.8)
60.41 13.43

0.000*

1.00
3.86 (0.41-36.35)
17.28 (2.13-140.13)*
16.64 (1.98-139.57)*

Gender
Female
Male
Age (years)
18-30
31-45
46-65
Over 66
Mean S.D.

p value

Crude OR
(95% CI)

Abbreviations: OR: odds ratio; CI: confidence interval; S.D.: standard deviation; *: p < 0.05

has been used to account for the impact of comorbid
conditions and to predict the outcomes of studies on
conditions such as ischemia stroke, peritoneal dialysis, hemodialysis and trauma.(10-13) Our study showed
that the CCI could be used successfully as a clinical
tool to measure comorbidity of ED revisiting patients
and predict possibility of admission.
A previous study found that the CCI correlates
to 90 day revisits, hospitalization or death among
older persons discharged from the ED. (14) In our
study, the index might correlate with in-hospital mortality and length of hospital stay among the admitted
patients who had revisited the ED within 72 hours.
However, the higher in-hospital mortality rate of the
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high CCI patients did not significantly differ from
the low CCI patients after admission. This may be
due to the small population size of the admission
group. As other factors may contribute to in-hospital
mortality and length of hospital stay, further prospective studies are required.
One study on admissions of patients revisiting
the ED within 72 hours identified patients older than
65 years, elderly patients with insurance and initial
diagnosis as risk factors.(8) We also revealed that age
correlated to the prognosis of ED revisiting patients.
The age of the admission and high comorbidity
groups were higher than the comparison population
in our study. However, age of revisiting patients did
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not increase the odds ratio of admission after adjustment for CCI and initial diagnosis. Further, the CCI
of the revisiting patients was highly correlated to
their age. We suggest that the effect of age on the
admission rate of revisiting patients is through its
impact on the CCI but further studies are required to
prove this hypothesis.
In the previous study,(8) some initial diagnoses
categories were identified as having a higher risk for
ED revisiting, such as mental disorder, genitourinary
system diagnoses and symptom-based diagnoses. In
our study, the initial diagnoses correlated with the
admission of revisiting patients after adjusting for
the influence of age and CCI. However, some initial
diagnoses categories were included in the CCI scoring classification and confounded each other. This
did not increase the adjusted odds ratio of admission
to a great extent.
Appropriateness of management is very important in the era when medical costs and medico-legal
liability are both major concerns for physicians.
Though objective criteria may provide important reference points for emergency physicians, critical clinical decision-making on individual patients in specific situations and conditions still depends on the judgment of physicians. A clinically applicable prognostic model is only possible after researching larger
study populations for longer study periods. A few
such models have been developed to address particular clinical questions, such as outcomes of ischemic
stroke,(15) five-year survival after first-ever stroke,(16)
model for functional recovery in stroke(17) and predictors of stroke outcome using objective measurement
scales.(18) The methodology of the above research can
be used to study predictive factors for ED patients.
Hence, use of a validated index such as CCI may
improve our clinical practice by properly assessing
the comorbidity severity in the ED.
Though most unscheduled revisits were due to
disease-related factors rather than medical errors,
almost one-third of these cases are avoidable. (3,4)
Some patients who are admitted upon return should
have been admitted on their first visit. If they can be
discovered, the revisit admission rate might be
reduced. This group of patients probably has high
CCIs. Targeting specific populations of ED users is a
cost-effective strategy to reduce overcrowding in the
ED. Elderly patients with high CCIs and poor physical conditions are a high-risk group that requires
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more attention.
Some limitations of the study have to be taken
into consideration. First, our study period was short.
Second, the revisit rate (2.9%) in our study was similar to previous studies, which was around 1.3%3.4%.(3,19,20) The rate of admission after revisit in our
study (0.98%) was higher than one study (0.58%).(8)
In addition to disease severity, other factors may
affect emergency physicians’ decisions, including
physician practice behavior, patient and family
expectation, and social factors. Third, 30 days mortality could not be included for comparison with high
and low CCI groups because it was not available in
this retrospective review study.
In conclusion, high comorbidity (CCI ≥ 2) ED
revisiting patients had a higher admission rate, poorer prognosis, longer hospital stays and high in-hospital mortality. The CCI provides a good measure of
comorbid condition severity and correlates well with
the admission possibility of ED revisiting patients.
Further prospective studies are required to prove the
efficacy of CCI to predict the prognosis of ED revisiting patients. More clinical management and discharge strategies should be focused on those patients
revisiting within 72 hours who have more comorbid
medical conditions.
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