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The Rothman Index - Improving Sepsis Outcomes
Helping Organizations to Reduce Sepsis Progression, Mortality and Costs

EXECUTIVE SUMMARY

Sepsis is a leading cause of hospital mortality and a major patient safety priority. Although early identification of septic patients is critical
to improving outcomes, identifying sepsis is notoriously difficult. Existing tools, from simple systemic inflammatory response syndrome
(SIRS) checklists to sophisticated electronic medical record (EMR) based-algorithms, are not up to the task, as they tend to suffer from
impractically high numbers of false positives.

Focusing on the patient rather than the disease, healthcare systems that have implemented clinical care redesign initiatives that include
leveraging the Rothman® Index as part of the clinical workflow have positively impacted quality metrics.! Houston Methodist Hospital has
been able to decrease sepsis mortality by 11% despite already having an aggressive sepsis-screening program in place.? Similarly, the
deployment of a care delivery model that includes use of the Rothman Index at Yale New Haven'’s Bridgeport Hospital has also had ex-
tremely positive results. Since launching their care redesign, Bridgeport Hospital achieved a 29% reduction in sepsis mortality and a 13%
reduction in sepsis care costs, saving dozens of lives, and millions of dollars annually.®

REAL OUTCOMES: REDUCING SEPSIS MORTALITY AND COSTS

Multiple organizations have integrated the Rothman Index (RI) and simple RI-based rules into workflow to assist them in identifying at-risk
patients, including patients on the sepsis spectrum. By efficiently identifying sepsis earlier, hospitals can initiate treatment sooner; this can
prevent patients from advancing along the sepsis spectrum, and avert costly procedures and unnecessary stays in intensive care units.

Clinical care initiatives, including creation of a pro-active rapid response team that leverages the Rothman Index integrated into their Epic
EMR, have helped Bridgeport Hospital in Connecticut to bring down mortality across the hospital, with a particularly large decrease in
sepsis deaths.®

In Texas, the Houston Methodist Hospital integrated the Rothman Index into the workflow of floor nurses and a nurse practitioner team
to improve care delivery processes.' In addition to major improvements in sepsis-related mortality, these hospitals have also achieved
significant savings in sepsis-related cost of care. A detailed analysis by Bridgeport Hospital validated that they were able to reduce
overall sepsis costs by an average of 13% (Figure 1).2

Getting ahead of patient deterioration is a patient safety imperative. Doing so effectively helps the patient population at large, while also
tackling the challenge of early sepsis detection and intervention head-on. An approach based on identifying patients in need of
intervention, and directing resources to their care, can have patient safety benefits that go beyond a strictly sepsis-directed effort.
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Figure 1 - Bridgeport Hospital’s average cost-reduction
for sepsis present on admission by DRG.
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The Rothman Index’s unique ability to capture patient condition coupled with the clear visual Clinical care redesigns
interface underpinned by simple Rothman Index warnings makes it a powerful adjunct to

S : . that included using the
clinicians in their care of patients.

Rothmanindex helped Yale
EARLY SEPSIS IDENTIFICATION IS CRITICAL New Haven Health's

Bridgeport Hospital to reduce
SEPSIS IS A HEALTHCARE IMPERATIVE sepsis-related mortality by
Sepsis is involved in a third to half of all hospital patient deaths* and has the highest hospital 29% and Houston Methodist
treatment expense of any condition in the United States — costing on the order of $24 billion
annually (more than 6% of aggregate hospitalization costs).> Sepsis mortality rates range on
average between 12% for patients with sepsis on admission to 35% for patients who develop
sepsis during their stay in the hospital.®” Sepsis is a global healthcare problem that afflicts more
than a million patients a year in the United States alone.?

Hospital to achieve an 11%
reduction in sepsis mortality.

Even for patients who survive, the effects of having had sepsis can be devastating. Long-term medical consequences can include
functional debilitation, a lower quality of life and shortened lifespan.°

EARLY RECOGNITION IS KEY

Sepsis is a rapidly progressing disease with higher costs and worse outcomes as the disease advances along the sepsis spectrum.?
Rapid intervention, including administration of antibiotics, is a cornerstone of the recent 2016 Surviving Sepsis Campaign guidelines™ and
is codified in CMS’s Sepsis Core Measure (‘Sep-T). This measure is geared towards driving an aggressive timeline for sepsis treatment
and in turn puts pressure on hospitals to identify sepsis earlier and more effectively.

NEEDLE IN A HAYSTACK

Over the years, the number of patients diagnosed as septic has increased even as the The significance of early
associated mortality has gone down. These trends are credited to a variety of factors including
heightened awareness, enhanced screening, improved critical care services, and the prolifera-
tion of treatment bundles. Nevertheless, only around 5% of patients have sepsis on admission
and fewer than 1% of patients develop sepsis in the hospital. Patients who do

develop sepsis in the hospital typically have comorbidities which makes distinguishing them of delay decreases likelihood
from other acute patients a major challenge. This is a very small target group to try to pick out of survival by 7.6%.""?

from among the increasingly acute hospital population.

identification and treatment
cannot be overstated — one
study reports that each hour

A major difficulty in the early identification of sepsis is that the symptoms associated with sepsis are the same as many other conditions
and diseases. This issue makes it particularly difficult to distinguish septic patients from other high-acuity patients in the hospital setting.

COMMON SEPSIS SCORES ARE INADEQUATE
Unfortunately, both systemic inflammatory response syndrome (SIRS) and quick Sequential (sepsis-related) Organ Failure Assessment
(gSOFA) are notoriously non-specific. Anywhere from a quarter to a third of inpatients on medical and surgical floors fulfill SIRS criteria
every day!® Making the problem even harder is the fact that many patients who are septic fail to meet SIRS criteria. Nor are SIRS criteria
associated with mortality or length of stay® Indeed, “the SIRS-based definition will identify most
patients with a simple infection, even a common cold, as septic”” In 2016 the Society of Critical

Care Medicine sepsis task force unanimously rejected SIRS as unhelpful for identifying sepsis. Even as guidance on

diagnosis and treatment

Even the most recent efforts to improve sepsis has changed, identifying
definitions have not solved these problems. Studies of gSOFA have failed to demonstrate its sepsis patients has become
superiority to alternative scoring systems.®'® Attempts to apply other early warning systems, increasingly difficult.

such as the Modified Early Warning Score (MEWS) and National Early Warning Score (NEWS)
have been ineffective, with these scores exhibiting poor sensitivity and specificity for identifying
septic patients unless geared towards critically ill patients far along the sepsis continuum.2%

More complex EMR-based sepsis algorithms, such as Cerner’s St. John Sepsis Agent, face many of the same limitations as SIRS. In fact,
studies using the St. John Sepsis Agent have failed to demonstrate meaningful improvements in performance over SIRS.?223

Epic has also rolled out a sepsis model which has been SIRS gSOFA
the subject of numerous critiques in the peer reviewed Temp >380C [100.49F] or <36°C [96.8°F] Respiration Rate > 22d
literature. The Epic model was found to have

Systolic BP <100 mmHg

poor calibration and poor discrimination.?* Indeed, Heart rate > 90 Altered mentation [Glasgow Coma Score
disappointment with its poor performance has even Respiration rate >20 or Pa/CO, < 32 mm <15

raised serious questions about its safety for patients

let alone efficacy for sepsis.2® Epic has announced it WBC >12,000/mm?, <4,000/mm?, or

would be rethinking and revising its approach to sepsis > 10% bands

as a result. Table 1- Clinical Elements of SIRS and gSOFA
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MANUAL DOCUMENTATION

All sepsis screens entail some degree of manual data entry. In many cases this can run to pages of documentation and places a
significant additional burden on clinicians, reducing the frequency with which sepsis screens can be run, and increasing the chance for
human error in data entry and documentation.

Added to this, the high false positive rate of SIRS-based sepsis screens creates significant ‘noise’, generating a tremendous amount of
excess assessment and documentation work for clinical staff, particularly nursing.

THE ROTHMAN INDEX REFRAMES THE PROBLEM

It is well established that sepsis is associated with progressive deterioration as a patient advances along the sepsis spectrum. Conse-

quently, although not specifically

gfea;(aed tt,zv;l:”rds,;e,si:é r;it.ll.etntzfvz:g # Frequency of Real-time Med-Surg & | Alerts on Score Value
Rother: Inde:l(vio Ihelp ider:tlifZ/ Inputs Calculation ICU & Trend
deteriorating patient condition. Rothman Index 26 Continuous Yes Yes Yes

SIRS 4 per-shift No Yes No
This makes sense considering that GSOFA 3 per-shift No No No
the Rothman Index and its pediatric -
variant (pRI) includes all the clinical Cerner St. John 59 varies No Yes No
elements used in both SIRS and MEWS 5 3-5x daily No No No

qSOFA, but also incorporate addi-

tional vital signs and labs, as well as
a full range of body-system nursing
assessments which are known to be leading indicators of deterioration.?®

Table 2 - Comparison of the Rothman Index to other Scoring Tools.

Generation of Rothman Index scores and warnings is not only effortless, but scores are calculated and checked against rule criteria on a
continuous basis, rather than infrequently or sporadically as would
be the case for manual sepsis screens.

The Rothman Index helps to effectively draw attention to patients
who are deteriorating. In Figure 2, the Rothman Index graph tracks
the physiologic deterioration associated with the progression of
sepsis in an adult patient on a med/surg floor (black points) who
developed sepsis in the hospital and deteriorated for more than
two days before being transferred to the ICU (red points).

To further enhance visibility, patients at an elevated risk are placed
in a warning lane (Figure 3), rapidly drawing attention to the most
concerning patients. No additional documentation is needed,

and no extra steps are required by clinicians to generate

Rothman Index scores.

From an operational standpoint, this has important implications
for reducing the perceived false positive rate of warnings when
one compares the Rothman Index to tools with a narrower,
sepsis-specific, focus.

Tackling sepsis is both a clinical and quality imperative at hospitals
across the country. The Rothman Index’s ability to direct clinician
attention to the early indications of patient deterioration offers a
new and different approach and may help hospitals achieve
significant, measurable improvements in the quality and cost of
care delivered to septic patients.

igh Waring (8)

Medium Warning (8 )

No Warning (57)

Figure 3 - Rothman Index (Array View)
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