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Abstract

This study evaluated the impact of severity of illness on hospital inpatients within the metropoli-
tan area of Syracuse, New York, during January-December 2014. It demonstrated that patients
with Major and Extreme severity of illness generated a substantial majority of the excess lengths
of stay and adverse outcomes during this period. These patients were associated with 77 percent
of the excess days for adult medicine and 100 percent of the excess days for adult surgery. They
also generated hospital readmission rates that were at least 50 percent higher than those of pa-
tients with Minor and Moderate severity of illness. They were also associated with more than 75
percent of inpatients with the most frequent post admission complications. The data suggested
that these populations need to be a focus of efforts to improve hospital efficiency and outcomes.
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1. Introduction

In the United States, efforts to improve health care continue to focus on utilization and outcomes. Studies and
professional opinions have suggested that these efforts can result in better and more efficient care [1]-[4].

Much of this interest involves hospitals because acute care is the most visible and most expensive component
of the health care system. In recent years, hospitals have been a focus for specific initiatives to improve utiliza-
tion and outcomes such as the Medicare programs to reduce inpatient readmissions and complications, as well as
statewide initiatives to focus nursing home admissions on patients with the greatest care needs [5]-[7].

These developments in health care have focused considerable attention on the need to evaluate patients by
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severity of illness. Because of advances in medical care and other factors, numbers of patients with multiple di-
agnoses have increased. Especially among the elderly, it is no longer unusual for patients to experience several
chronic conditions. These factors have created challenges for health professionals involved with the identifica-
tion and treatment of these individuals [8]-[11].

Looking toward the future, evaluation of severity of illness is also important as hospitals focus on the highest
risk populations. Supporting this process involves the movement of lower levels of illness to ambulatory and
long term care services in the community. It will also involve managing patients with high severity of illness in
Accountable Care and other approaches [12].

The development of electronic health care data has produced opportunities to identify and quantify the impact
of severity of illness in health care patient populations. During the 1990°s, 3M™ Health Information Systems
developed a system for evaluating severity of illness based on a number of factors including patient’s principal
diagnosis, secondary diagnoses, and age. This system made it possible to identify and study large numbers of
patients according to their relative levels of illness [13]. Software developed recently has also made it possible
to apply severity of illness to outcomes such as inpatient hospital readmissions and complications [14] [15].

An important context for the evaluation of health care data concerning severity of illness is the community
level. This is because most health care services are provided in local communities.

Additionally, in the United States, national data are not available by severity of iliness because of the absence
of a national database that includes all health care payors. For this reason, it is not possible to describe the dis-
tribution of patients by severity of illness at the national level.

Although national and statewide data are important, it is at the community level that health services are used
through interactions between patients and providers and interactions among providers. From this perspective,
within communities, the parameters and the impact of severity of illness and other indicators can be analyzed
among services that work together on a daily basis.

2. Population

This study evaluated the severity of illness among hospital inpatients in a single acute care system, the metro-
politan area of Syracuse, New York. The City of Syracuse and Onondaga County include three hospitals, Crouse
Hospital (19,919 discharges excluding well newborns, 2014), St. Joseph’s Hospital Health Center (25,532 dis-
charges), and Upstate University Hospital (26,649 discharges). Within the local health care system, the hospitals
work with a combined medical staff of 1830 physicians and 12 nursing homes. The hospitals provide acute care
services to a local population of approximately 600,000 and tertiary services to a population of approximately
1,400,000.

Historically, the Syracuse hospitals have competed and cooperated in the provision of acute care within the
service area through their joint planning organization, the Hospital Executive Council. This cooperation has in-
cluded the use of community wide acute care data to improve efficiency and outcomes as well as the develop-
ment of multihospital services [16].

Since the 1990s, the Syracuse hospitals and the Hospital Executive Council have worked with 3M™ Health
Information Services in the application of severity of illness data to a variety of health care issues. These have
included reduction of hospital lengths of stay, monitoring of inpatient admissions, reduction of inpatient read-
missions, and reduction of inpatient complications [17]. These efforts have included use of the All Patients Re-
fined Diagnosis Related Group (APR DRG) severity of illness system, as well as the Potentially Preventable
Readmissions and Potentially Preventable Complications software.

3. Methods

This study evaluated the severity of illness of hospital inpatients in the acute care system of Syracuse, New York
using the All Patients Refined Diagnosis Related Group Severity of Illness System. It focused on the impact of
this algorithm on hospital lengths of stay, readmissions, and complications. The All Patients Refined Severity of
IlIness System was developed by 3M™ Health Information Systems as an adjunct of the All Patients Refined
Diagnosis Related Groups. It is based on the identification of a level of severity of illness of the principal diag-
nosis and each secondary diagnosis for every hospital inpatient. It includes four levels of severity for each diag-
nosis, Minor, Moderate, Major, and Extreme. At the patient specific level, the system also includes a summary
severity of illness based on the severity levels by diagnosis, as well as the patient age and other factors. The
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formula for patient severity of illness includes clinical relative weights for each indicator [13].

The study data were provided by each of the Syracuse hospitals to the Hospital Executive Council staff as
administrative data through business associate agreements. In the absence of a community wide ethics commit-
tee, the study was reviewed with staff from each of the hospitals.

The study employed the Potentially Preventable Readmissions and the Potentially Preventable Complications
systems to evaluate the relationships between severity of illness and inpatient outcomes. These algorithms were
developed by 3M Health Information systems for use with the APR DRGs and severity of illness [15] [18].

The analyses which comprise this study were based on simple descriptive statistics. The data analysis was
based on identification and comparisons of hospital inpatient discharges by severity of illness.

In this study, the All Patients Refined System was used to identify the severity of illness in populations dis-
charged from the Syracuse hospitals during 2014. Three indicators were used in the analysis, inpatient length of
stay, inpatient readmissions, and post admission complications. The analysis focused on differences in each of
these indicators by severity of illness and on the relative distributions of patients among the four severity of ill-
ness categories.

The initial component of the analysis involved inpatient lengths of stay by severity of illness for adult medi-
cine and adult surgery, the services with the largest numbers of discharges in the Syracuse hospitals. It was
based on inpatient data for the combined hospitals for January-December 2014. The analysis included numbers
of discharges and lengths of stay for each service by severity of illness. It also included comparisons of these
stays with those of a national sample of hospital inpatients by service and severity of illness.

The second component of the study involved inpatient Potentially Preventable Readmission rates for adult
medicine and adult surgery in the Syracuse hospitals. This analysis was based on readmissions within 30 days of
the previous discharge. Potentially Preventable Readmissions included all of those where a clinical relationship
between the initial admission and the readmission was present. Between 2009 and 2014, these services ac-
counted for more than 75 percent of total readmissions in the Syracuse hospitals. This analysis employed inpa-
tient hospital data for January-December 2014 to identify hospital readmission rates for each of the hospitals and
the combined total. It included comparison of these rates among severity of illness categories for each of these
populations.

The third component of the analysis involved Potentially Preventable Complications for pneumonia and uri-
nary tract infections, the diagnoses associated with the largest numbers of post admission complications in the
Syracuse hospitals. The analysis was based on data for Crouse Hospital and St. Joseph’s Hospital Health Center,
two hospitals which account for more than 60 percent of hospital inpatients in Syracuse. They were the only
hospitals for which complete data were available for January-December 2014. The analysis was based on num-
bers of inpatient complications by severity of illness category for patients with pneumonia and urinary tract in-
fection as a Potentially Preventable Complication and those without each complication.

4. Results

The first component concerned hospital lengths of stay in Syracuse, New York by severity of illness. Relevant
data for the combined Syracuse hospitals for January-December 2014 are summarized in Table 1.

These data identify numbers of hospital discharges and lengths of stay in the Syracuse hospitals by All Patient
Refined Severity of Illness for the two largest acute care services, adult medicine and adult surgery. This infor-
mation demonstrated that, for each service, mean hospital stays increased with higher severity of illness.

Lengths of stay for patients with Moderate severity of illness were 38.3 percent longer than those with Minor
severity of illness for adult medicine and 46.3 percent longer for adult surgery. Mean stays for patients with
Major severity of illness were 56.4 percent longer than those with Moderate severity of illness for adult medi-
cine and 126.0 percent longer for adult surgery. Stays for patients with Extreme severity of illness were 88.5
percent longer than those with Major severity of illness for adult medicine and 166.3 percent longer for adult
surgery.

The data in Table 1 also identified differences in the distribution of hospital inpatients in Syracuse for the two
major services. For adult medicine, 50.8 of inpatients were at the highest levels of severity of illness (Major or
Extreme), while for adult surgery, 26.5 percent were at these levels. Perhaps most importantly with respect to
hospital lengths of stay, the data in Table 1 identified differences in hospital stays and related inpatient utiliza-
tion compared with national averages adjusted for severity of illness. These comparisons were adjusted to compare
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Table 1. Adult medicine and adult surgery discharges by severity of illness, Syracuse hospitals, 2014.

Severity of Illness

Minor Moderate Major Extreme Total
Adult Medicine
Number of Discharges 4451 11,977 12,835 4158 33,421
Mean Length of Stay 2.77 3.83 5.99 11.29 5.45
Severity Adjusted National Average 2.68 3.72 5.70 10.64 5.20
Length of Stay Difference 0.09 011 0.29 0.65 0.25
Patient Days Difference 400.59 1317.47 3722.15 2702.70 8355.25
Adult Surgery
Number of Discharges 6562 8552 4008 1440 20,562
Mean Length of Stay 2.76 4.04 9.13 24.31 6.04
Severity Adjusted National Average 2.99 4.32 9.00 20.57 5.95
Length of Stay Difference -0.23 -0.28 0.13 3.74 0.09
Patient Days Difference —1509.26 —2394.56 521.04 5385.60 1850.58

Source: Hospital Executive Council.

national and Syracuse populations with the same severity of illness. The results of these comparisons were
quantified as unit differences between stays and utilization differences in patient days.

The results of these comparisons demonstrated that a substantial majority of the excess patient days in the
Syracuse hospitals for each service were generated by patients at Major or Extreme severity of illness. For Adult
Medicine, of the 8355 patient days difference from the national average, 76.9 percent were produced by patients
at Major or Extreme severity of illness. For Adult Surgery, all 5906 excess patient days were generated by pa-
tients at Major or Extreme severity of illness.

The second component of the study concerned patients readmitted to the Syracuse hospitals within 30 days of
their initial inpatient discharge by severity of illness. Relevant Potentially Preventable Readmissions data for
adult medicine and adult surgery combined between January and December 2014 are summarized in Table 2.

The data in Table 2 demonstrated that increases in severity of illness were associated with increases in
monthly hospital readmission rates in the Syracuse hospitals between January-March and July-December 2014.
Between patients with Minor and Moderate severity of illness within each time period, the rates increased for all
three quarters at Crouse Hospital and St. Joseph’s Hospital Health Center and for two of the three quarters at
Upstate University Hospital. For most of these comparisons, the rates increased by more than 50 percent. Be-
tween patients with Major and Moderate severity of illness, the rates increased at all three hospitals. Between
patients with Major and Extreme severity of illness, the rates increased for all three quarters at Crouse Hospital
and St. Joseph’s Hospital Health Center and for two of the three quarters at Upstate University Hospital.

The readmission rates for high severity of illness patients also provided information concerning the relative
sizes of theses populations. For patients with Major severity, between 10 and 13 percent of medical-surgical in-
patients were readmissions. For patients with Extreme severity, between 12 and 25 percent of medical-surgical
inpatients were readmissions.

In a separate analysis, the Pearson Correlations between monthly readmission rates for medical-surgical pa-
tients and those in specific severity of illness categories between January 2013 and March 2015 were identified.
Among the Syracuse hospitals, correlations between these rates for patients with Minor or Moderate severity of
illness and rates for all medical surgical inpatients ranged between 0.3173 and 0.5620 among the hospitals,
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Table 2. Potentially preventable readmission rates by severity of Iliness, medical/surgical-all payors, Syracuse hospitals,
2014,

Severity of IlIness

Minor Moderate Major Extreme Total

Crouse Hospital

Jan-Mar 14 3.19 4.55 10.98 25.21 7.96

Jul-Sept 14 4.29 6.55 10.18 18.05 7.92

Oct-Dec 14 411 6.30 10.39 14.18 7.59
St. Joseph’s Hospital Health Center

Jan-Mar 14 2.37 7.09 12.66 18.17 8.99

Jul-Sept 14 3.64 5.77 13.13 19.29 8.71

Oct-Dec 14 2.70 6.69 12.73 22.04 8.79
Upstate University Hospital-SUNY UMU

Jan-Mar 14 3.95 8.33 11.96 15.04 9.02

Jul-Sept 14 6.92 6.69 12.41 14.47 9.11

Oct-Dec 14 5.11 6.83 12.77 12.34 9.00

Complete data for April-June unavailable because of implementation of electronic medical record systems at two of the hospitals; based on 3M Health
Information Systems Potentially Preventable Readmissions algorithm applied to adult medical/surgical definitions by APR DRG for readmissions
within 30 days; prepared by Hospital Executive Council.

while correlations between rates for patients with Major or Extreme severity of illness and rates for all medical
surgical inpatients ranged from 0.7187 - 0.8735. These correlations demonstrated that patients with Major and
Extreme severity of illness were the principal drivers of variations in readmission rates.

The third component of the study concerned patients who experienced post admission complications in the
Syracuse hospitals for pneumonia and urinary tract infection, the diagnoses with the largest numbers of patients
for this outcome. Data for these Potentially Preventable Complications at Crouse Hospital and St. Joseph’s Hos-
pital Health Center during 2014 are summarized in Table 3.

This information demonstrated that substantial majorities of the hospital inpatients who experienced the two
complications in each of the hospitals were at Major or Extreme severity of illness. Patients at these levels of
severity of illness accounted for 89.3 - 92.3 percent of all inpatients with pneumonia as a complication and 75.9
- 79.1 percent of inpatients with urinary tract infection as a complication. These data were also reflected in the
relatively small numbers of patients at Minor or Moderate severity of illness with pneumonia complication (10 -
11) and with urinary tract infection as a complication (19 - 27). These data suggested that patients with high se-
verity of illness were probably more susceptible to these complications, even in hospital inpatient settings.

Further comparisons addressed the potential relationships between patients with and without each of the
complications evaluated in the two Syracuse hospitals. For pneumonia, 89.3 - 92.3 percent of inpatients who
experienced the complication were at Major and Extreme severity of illness compared with 40.2 - 41.1 percent
of those who did not. For urinary tract infection, 75.9 - 79.1 percent of inpatients who experienced the complica-
tion were at Major or Extreme severity of illness, compared with 40.4 - 41.1 percent of those who did not. High
severity of illness was frequently associated with each of these complications.

During the same period, for pneumonia, 7.6 - 10.7 of inpatients in the hospitals who experienced the compli-
cation were at Minor and Moderate severity of illness, compared with 58.9 - 59.7 percent of those who did not.
For urinary tract infection, 20.9 - 24.1 percent of inpatients in the hospitals who experienced the complication
were at Minor and Moderate severity of illness, compared with 58.8 - 59.5 percent of those without it.
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Table 3. Medical/Surgical Potentially Preventable Complications (PPC), highest volume PPC categories, by Severity of
IlIness, St. Joseph’s Hospital Health Center (SJHHC) and Crouse Hospital (CH), 2014.

Patients at Risk Percent of Total
With PPC Without PPC With PPC Without PPC

SJHHC CH SJHHC CH SJHHC CH SJHHC CH
PPCs 04/05-Pneumonia and Other
Lung Infections
Minor 0 0 4228 2982 0.00 0.00 19.27 22.75
Moderate 10 11 8706 4845 7.63 10.68 39.67 36.96
Major 44 26 7015 3976 33.59 25.24 31.96 30.33
Extreme 77 66 1997 1304 58.78 64.08 9.10 9.95
Total 131 103 21,946 13,107 100.00 100.00 100.00 99.99
PPC 16-Urinary Tract Infection
Minor 1 1 4227 2981 0.78 1.27 19.26 22.70
Moderate 26 18 8690 4838 20.16 22.78 39.59 36.84
Major 61 29 6998 3973 47.29 36.71 31.88 30.26
Extreme 41 31 2033 1339 31.78 39.24 9.26 10.20
Total 129 79 21,948 13,131 100.01 100.00 99.99 100.00

Prepared by Hospital Executive Council.

4. Discussion

As health care evolves in the United States, the importance of evaluating the degree of illness for the whole pa-
tient is increasing. The need to evaluate severity of illness at this level is generated by the requirement for pro-
viders to treat patients with a number of diagnoses, as well as the need to plan and manage care within resource
constraints.

This study described the application of severity of illness to inpatient data in the three hospitals of Syracuse,
New York, which comprise a single, community wide acute care system. It was based on the application of All
Patients Refined Diagnosis Related Group severity of illness system developed by 3M™ Health Information
Systems to three indicators of utilization and outcomes. The study data were collected for indicators of efficien-
cy and outcomes during the same twelve month period, January-December 2014,

The study demonstrated that the quantities of each of the three indicators included in the system increased
with rising severity of illness. For adult medicine and adult surgery inpatient lengths of stay, medical-surgical
inpatient readmission rates within 30 days, and post admission complication rates, levels increased from Minor
to Moderate, Moderate to Major, and Major to Extreme severity of illness. It was interesting that these progres-
sions occurred, especially for Potentially Preventable Readmissions and Potentially Preventable Complications
that were developed in 2006 and 2007, more than ten years after the creation of the severity of illness algorithm.

These data suggested that severity of illness, at least in this version, is a valid tool for evaluating some forms
of hospital utilization and outcomes. The fact that the analysis was carried out using administrative data indi-
cated that the approach can be available widespread to providers and purchasers of care.

Perhaps more importantly, the study data also demonstrated that most problematic hospital stays, readmission
rates, and complications in the Syracuse hospitals were focused in the populations with the highest severity of
illness. Patients with Major and Extreme severity of illness were the source of obstacles to improving efficiency
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and outcomes identified in the data.

The study data indicated that most excess patient days in the Syracuse hospitals were generated by patients
with high severity of illness. The data also indicated that these patients were associated with increased risk of
inpatient readmissions and post admission complications.

The study suggested that the use of these data can contribute to the improvement of population health by
challenging providers to improve care for patients at all levels of severity of illness. The sharing of information
concerning these efforts could help improve population health on a local, regional, and national basis.

5. Conclusions

This information suggests that health care providers and payers will need to focus resources on management of
populations by severity of illness as they work to improve the efficiency and effectiveness of care. It also sug-
gests that they may be able to do so because many of the concerns that they need to address are related to these
populations.

To be sure, the treatment and management of patients with high severity of illness are not an easy task. It re-
quires addressing multiple diagnoses, as well as other clinical and demographic factors simultaneously. This
challenge will require some of the highest creativity and related efforts that health care providers have to offer.

This area of care should generate useful directions for health systems at the community level. It addresses the
need for effective care delivered in an efficient manner, especially for those patients who have the greatest needs.
Understanding and managing by severity of illness hold the potential for raising the bar for this population and
all of health care. Using severity of illness data can help providers and payers to reach these objectives.
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