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I
n this second part of “Playing by the Rules,” we will examine validated clinical de-
cision rules that assist emergency physicians (EPs) in the diagnosis and treatment 
of nontraumatic conditions. Most trauma rules seek to answer a yes or no question 
regarding the utility of testing for specific disease states when the diagnosis is not 

clinically apparent. 
For example, the Canadian CT Head Rule describes a number of conditions that, if met, 

can predict the absence of traumatic lesions requiring neurosurgical intervention in the 
alert patient with head injury, and thus obviate the need for imaging in those instances. 
In contrast, many medical rules are actually risk stratification scales for treatment and 
diagnosis, categorizing patients into low- to high-risk groups based on clinical factors. 
While traumatic conditions are linked to a specific inciting event or “trauma,” medical 
diseases may have multiple causative factors or may be delayed in presentation to the 
emergency department (ED), which subsequently increases the complexity of these deci-
sion instruments.

Rather than an exhaustive list of all clinical decision rules or risk stratification scales 
relevant to emergency medicine, this installment will provide EPs with a review of com-
mon instruments and the evidence behind them.  

Central Nervous System
Ottawa Subarachnoid Hemorrhage Rule
The Ottawa Subarachnoid Hemorrhage Rule offers guidance for diagnosing atraumatic 
subarachnoid hemorrhage (SAH) in alert, neurologically intact adult patients presenting 
to the ED with a headache reaching maximal intensity within 1 hour of onset. The rule 
states that if none of the following conditions are present, then the diagnosis of SAH can 
be excluded without further testing:

In part 2 of this 2-part review, the authors discuss validated 
clinical decision rules for nontraumatic conditions commonly 
encountered in the ED, and provide useful pearls and pitfalls 
pertaining to their use.
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Symptom of neck pain or stiffness
Age greater than 40 years old
Witnessed loss of consciousness
Onset during exertion
Thunderclap headache with peak pain instantly
Limited neck flexion on exam

The validation study prospectively enrolled 1153 adults of whom 67 had a positive 
workup for SAH (defined as subarachnoid blood visible on noncontrast CT scan of the 
head, xanthochromia of cerebrospinal fluid on visual inspection, or the presence of >1 
million erythrocytes in the final tube of cerebrospinal fluid with an aneurysm or arterio-
venous malformation confirmed on cerebral angiography).1 Of note, patients with prior 
history of cerebral aneurysm or SAH were excluded, as were patients with recurrent 
headaches similar to the presenting complaint, patients with focal neurologic deficits 
or papilledema, or patients with a history of brain neoplasm, ventricular shunt, or hy-
drocephalus. The authors found that the rule was 100% sensitive and 13% specific for 
detecting SAH, with a kappa of 0.82, which suggests good interrater reliability.1

Comment: It is important to note that the authors excluded patients with a history of 
cerebral aneurysm or prior SAH, and therefore the rule should not be applied to these 
patients in clinical practice. The utility of this rule is somewhat limited secondary to the 
age cutoff, as the incidence of aneurysmal SAH increases considerably after the fifth 
decade of life.2 Ultimately, this rule—combined with the authors’ previous work show-
ing that CT performed within 6 hours of headache onset can rule out SAH—provides a 
powerful diagnostic tool for EPs considering SAH in the ED.3

ABCD2 Score
The ABCD2 score was developed to identify transient ischemic attack (TIA) patients at 
risk for early stroke, and thus inform decisions regarding admission and resource uti-
lization in the ED and outpatient clinic setting.4 The score was created by combining 
elements of two previously existing rules, the California and the ABCD scales. Patients 
presenting with TIA symptoms are assigned points based on:

Age: 1 point if ≥ 60 years
Blood Pressure: 1 point if ≥ 140/90
�Clinical Deficit: 2 points for unilateral weakness, 1 point for speech impairment with-
out unilateral weakness
Duration: 2 points for ≥ 60 minutes, 1 point for 10 to 59 minutes
Diabetes: 1 point if diabetic 

The greater the number of points, the higher the risk for imminent stroke, from low (0-3 
points) to moderate (4-5 points) to high (6-7 points). The initial retrospective internal 
validation study found that the low, moderate, and high groups correlated to 7-day stroke 
risk of 1.2%, 5.9%, and 11.7%, respectively. Subsequently, the ABCD2 score was rapidly 
incorporated into institutional and national protocols for assessing risk for stroke and 
featured prominently in the 2009 American Heart Association guidelines on TIA, which 
recommend hospitalization for a score of 3 or greater.4,5 

More recently, a multicenter prospective external validation study of more than 2000 
TIA patients found that using the American Heart Association recommended cutoff of 3 
or greater resulted in a sensitivity of 94.7% for detecting those patients who sustained a 
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stroke within 7 days, but a specificity of only 12.5%.6 The investigators concluded that a 
specificity this low would require “almost all” of the TIA patients in their cohort (87.6%) 
to be admitted to the hospital—even though only 3.2% of their patients had a stroke 
within 90 days.6 Even when examined at other cutoff scores, the investigators found the 
ABCD2 score to have poor accuracy.6

Comment: Decreasing resource utilization is a laudable goal, but it does not appear 
that the ABCD2 score provides much guidance on which TIA patients can safely go 
home. Moreover, the increasing availability of advanced imaging and tele-neurology con-
sultation in the ED have changed the landscape of TIA and stroke care. Many EPs have 
since argued that the ABCD2 score adds little to their evaluation.7 

Abdomen
Alvarado Score
There are multiple clinical prediction rules for appendicitis. Among the most commonly 
utilized by EPs and surgical consultants are the Alvarado score and the Appendicitis 
Inflammatory Response Score. The Alvarado score was derived in 1986 based on a ret-
rospective review of 305 abdominal pain patients of whom 227 (aged 4 to 80 years) had 
appendicitis.8 Factors were identified and weighted, which can be recalled through the 
mnemonic MANTRELS:

Migration of pain to the right lower quadrant: 1 point
Anorexia or acetone in urine: 	 1 point
Nausea or vomiting: 1 point
Tenderness in the right lower quadrant: 2 points
Rebound tenderness: 1 point
Elevation of the temperature > 37.3°C: 1 point
Leukocytosis >10K X 109/L: 2 points
Shift to the left of neutrophils (>75%): 1 point

The original article posited that a score of 5 or 6 was “compatible” with the diagnosis 
of acute appendicitis—necessitating further observation for possible appendicitis—and 
that higher scores indicated an increasing probability of disease.8 Of note, the rule has 
also been adapted for clinical settings where differentials are not easily obtainable with 
the left shift criterion removed; this is known as the modified Alvarado score and calcu-
lated out at a maximum of 9.9

Since the original Alvarado study was published, multiple small studies have attempted 
to validate or otherwise retrospectively assess the utility of this rule. A frequently cited sys-
tematic review of 42 prospective and retrospective studies by Ohle et al found that a score 
of <5 showed a sensitivity of 99% overall (96% in men, 99% in women, and 99% in chil-
dren) for ruling out admission/observation of patient with suspected appendicitis, though 
the specificity for ruling in the diagnosis at scores 7 and higher was only 81% overall.10 

However, a more recent prospective observational study of adult abdominal pain pa-
tients presenting to large American urban EDs  found the modified Alvarado rule at 
cutoff levels of 3, 4, and 5 had sensitivities of only 72%, 55%, and 36%, respectively, of 
ruling out the diagnosis.11 In comparison, the study found that physicians’ clinical judge-
ment of appendicitis being the first or second most likely diagnosis had a sensitivity of 
93% for predicting appendicitis.11

Comment: The Alvarado score was developed to help rule out and rule in the diag-
nosis of appendicitis. However, with the increasing availability of CT scanning in EDs, 
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the diagnostic pathway in unclear cases has shifted from admission/observation to CT 
scanning, which has the benefit of elucidating other pathology as well. The utility of the 
Alvarado rule has been called into question. Ultimately, there is data in support of the 
Alvarado rule from older articles and studies in resource-poor environments, and newer 
studies may reflect less rigorous application of the rule when CT scanning is the default 
clinical pathway. Further studies that focus specifically on the Alvarado score as a rule 
out test to decrease CT utilization may be instructive. 

Appendicitis Inflammatory Response (AIR) score
The appendicitis inflammatory response (AIR) score was derived in a cohort of 316 pa-
tients and validated on a sample of 229 adults and children with suspected appendici-
tis.12 The authors specifically sought to create a rule that outperformed the Alvarado 
score; the criteria are:

Vomiting: 1 point
Right iliac fossa pain: 1 point
Rebound tenderness: 1 point for light, 2 for medium, 3 for strong
Temperature >38.5°C: 1 point
Polymorphonuclear leukocytes: 1 point for 70%-84%, 2 for 85% or greater
White blood cell count: 1 point for 10,000-14,900, 2 for 15,000 or greater
C-reactive protein level (mg/dL): 1 point for 10-49, 2 for 50 or greater

Patients with a score of 0-4 were classified as low risk, with recommendation for outpa-
tient follow-up if general condition unchanged; a score of 5-8 as indeterminate risk, with 
recommendation for active observation with serial exams, imaging, or diagnostic laparos-
copy; or a score of 9-12 as high risk, with recommendation for surgical exploration.12 In the 
validation cohort, the investigators found an AIR score or Alvarado score greater than 4 to 
have, respectively, 96% or 97% sensitivity and 73% or 61% specificity for detecting appen-
dicitis.12 A high score of greater than 8 on either the AIR or Alvarado had respectively 37% 
or 28% sensitivity but specificity of 99% for detecting appendicitis with either instrument.12

In an external validation study, the AIR and Alvarado scores were calculated on a se-
ries of 941 patients (aged 1 to 97 years) being evaluated for possible appendicitis; 201 pa-
tients were younger than 18.13 At a cutoff of greater than 4, the sensitivity and specificity 
were found to be 93% and 85% for the AIR and 90% and 55% for Alvarado.13 In a cohort 
of 182 patients (aged 4 to 75 years), a score of 4 or greater on the AIR and Alvarado was 
found to have comparable sensitivity to that of a senior surgical consultant for detecting 
appendicitis—with sensitivities of 94%, 93%, and 90% respectively.14 Subsequently, the 
original investigators undertook a large multicenter implementation study of the AIR at 
24 hospitals of patients (aged 5 to 96 years) with suspected appendicitis. As compared 
to the pre-implementation group, using AIR to categorize patients as low risk resulted in 
significantly fewer imaging studies, admissions, and surgical explorations.15 

Comment: The AIR has the benefit of recent prospective studies that assess perfor-
mance of the rule in settings that mirror the practice environments of most EPs today. 
The classification of rebound tenderness as light, medium, or strong may be difficult to 
ascertain. Ultimately, reductions in imaging, admissions, and surgical explorations are 
important goals and EPs might benefit from using this rule to guide imaging.
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Chest
HEART Score
The increasingly popular HEART score, first developed by physicians in the Netherlands 
in 2008, seeks to risk-stratify patients presenting to the ED with suspected cardiac chest 
pain without ST-elevation myocardial infarction (STEMI). It scores patients 0 to 2 on 5 
different characteristics (with a total scored of 10 possible points): 

History: 2 points for highly suspicious, 1 point for moderately suspicious
�EKG: 2 points for significant ST deviation, 1 point for nonspecific repolarization dis-
turbance
Age: 2 points for age 65 years or greater, 1 point for age 45-64 years
�Risk Factors: 2 points for 3 or more risk factors or history of atherosclerotic disease, 1 
point for 1 to 2 risk factors
�Troponin: 2 points for troponin value >3 times the normal limit, 1 point for value 1-3 
times the normal limit. 

The authors developed these 5 categories “based on clinical experience and current 
medical literature,” and then applied the rule to 122 chest pain patients in the ED, find-
ing a higher incidence of major adverse coronary events (MACE) with increasing score: 
2.5% for low risk score of 0-3, 20.3% for intermediate risk score of 4-6, and 72.7% for 
score 7 or higher.16 The score has been retrospectively and prospectively validated.17,18 
In a study of 2440 patients, the low risk group had a MACE of 1.7%, and the score had 
a c-statistic of 0.83, outperforming Thrombolysis in Myocardial Infarction (TIMI) and 
GRACE c-statistics of 0.75 and 0.70, respectively.18 In 2013, investigators calculated the 
HEART score on a multinational database of 2906 chest pain patients, finding a negative 
predictive value of 98.3% for MACE with HEART score less than or equal to 3.19

In the United States, Mahler et al have produced a series of 3 articles validating the 
HEART score and demonstrating its use in reducing cardiac testing and length of stay. In 
1070 patients admitted to their observation unit, who were deemed low risk by physi-
cian assessment and TIMI <2, a score of less than or equal to 3 had a negative predic-
tive value of 99.4% for MACE; the inclusion of serial troponins resulted in sensitivity 
of 100%, specificity of 83.1%, and negative predictive value of 100%.20 The team then 
conducted a secondary analysis of chest pain patients enrolled in a large multicenter 
trial (MIDAS) and compared HEART score, the North American Chest Pain Rule, and un-
structured clinical assessment.21 Both rules had high sensitivities, but the HEART score 
identified 20% of patients suitable for early discharge, as compared to 4% for the North 
American Chest Pain Rule.21 Finally, Mahler’s team performed a randomized control trial 
of 282 patients investigating whether the HEART score with serial troponins compared 
with usual care could safely reduce cardiac testing.22 The HEART pathway resulted in an 
absolute reduction of 12.1% in cardiac testing, and median reduction in length of stay by 
12 hours, with no missed MACE in discharged patients.22

Most recently, a stepped-wedge, cluster randomized trial across 9 hospitals published 
in 2017 investigated the utility of the HEART score. Despite enrolling only 3648 patients 
out of the statistically required sample size of 6600, they found that the HEART score 
was not inferior to usual care and there was no significant difference in median length of 
stay, but health care resources were typically lower in the HEART score group.23 

Comment: While derived in a less conventional manner, the HEART score has held 
up in several validation studies and appears poised to safely decrease health care costs 
and increase ED efficiency and throughput. As more US EDs look to adopt high sensitiv-
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ity troponin biomarkers, prospective studies will be needed to determine the role of the 
HEART score in this setting. 

Thrombolysis in Myocardial Infarction (TIMI) score
The Thrombolysis in Myocardial Infarction (TIMI) score was developed in 2000 as a tool 
to risk-stratify patients with a diagnosis of unstable angina (UA) and non–ST-elevation 
myocardial infarction (NSTEMI). The score was derived from 1 arm (2047 patients) of 
a study comparing heparin with enoxaparin for treatment of NSTEMI, and validated in 
the other 3 arms of the study (5124 patients). Multivariate logistic regression was used to 
develop 7 variables of equal weight:

Age greater than or equal to 65yo
Three or more cardiac risk factors
Known coronary artery disease (with stenosis greater than or equal to 50%)
Aspirin use in the past 7 days
Severe angina (2 or more episodes in the past 24 hours)
EKG ST changes greater than or equal to 0.5 mm 
Positive serum cardiac biomarkers

The investigators found that with a higher score, there was progressive increase in 
adverse cardiac outcomes, with a c-statistic of 0.65.24 This score was subsequently vali-
dated across several existing databases evaluating various therapeutic interventions for 
UA/NSTEMI and remained statistically significant, with increasing risk for MI and mor-
tality with increasing score.25,26

Given the success in predicting patient outcomes and identifying patients who could 
benefit from more aggressive care, the TIMI risk score was then applied to unselected ED 
chest pain patients. In a secondary analysis of a prospective observational cohort of 3929 
patient visits, the TIMI score correlated to the risk for adverse outcomes, with a risk of 
2.1% at score 0.27 

In a second prospective observational cohort of 1458 patient visits, a score of 0 cor-
related to a 1.7% incidence of adverse outcomes.28 In 2008, Body et al sought to increase 
the relative weight of EKG and biomarker factors to 5 (instead of 1) in a study of 796 
patients, positing that these factors have more importance in the ED setting.29 Compar-
ing the modified TIMI to the original, the modified instrument improved the area under 
curve (AUC) from 0.77 to 0.87.29 In follow-up validation studies, the modified score has 
an improved AUC, but the incidence of adverse outcomes at score 0 remains at about 2% 
for both modified and original score.30,31

In 2010, Hess et al performed a systematic review and meta-analysis of the studies that 
prospectively validated the TIMI score. They evaluated 10 validation studies, encom-
passing 17,265 patients across 5 countries, and found a strong linear relation between 
the TIMI score and adverse cardiac events.32 At TIMI score of 0, the incidence of cardiac 
events was 1.8%, with sensitivity of 97.2% and specificity of 25%. Subsequently, the 
ADAPT trial designed a diagnostic protocol consisting of TIMI risk assessment, EKG, and 
0- and 2-hour troponin I biomarkers to find ED patients eligible for safe, early discharge.33 
Of the 1975 patients, 20% were classified as low risk and eligible for early discharge, in 
that they had TIMI score of 0, a non-ischemic ECG, and negative troponins. Only one 
patient had a MACE at 30 days, giving the protocol a sensitivity of 99.7%, specificity of 
23.4%, and negative predictive value of 99.7%.33

As the TIMI and HEART scores are both used to evaluate ED chest pain patients, sev-
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eral studies have sought to compare them. In 2015, Cartlon et al published a comparison 
of 5 established risk scores and 2 troponin assays in 963 patients: modified Goldman, 
TIMI, GRACE, HEART, and Vancouver Chest Pain Rule in combination with troponin 
T and I.34 The investigators found that a negative troponin T plus either TIMI score of 0 
or a HEART score ≤3 gave a negative predictive value of greater than 99.5% with more 
than 30% of patients able to be discharged safely.34 In 2017, a comparison of the GRACE, 
HEART, and TIMI scores in 1833 chest pain patients found the HEART score identified 
more low risk patients than either of its comparators and had the highest AUC at 0.86.35 
Other trials have similarly found HEART outperforming TIMI.36

Comment: The TIMI score was not specifically designed for ED use but has been adapt-
ed to serve this purpose. To the EP assessing the undifferentiated chest pain patient, the 
TIMI score uses clinical variables that may seem curious (eg, aspirin use) or impossible 
for EPs to ascertain (eg, presence or degree of stenosis). Even for patients with a score of 
0, the risk for adverse outcomes remains stubbornly at the 2% level, similar to the origi-
nal low risk HEART score findings.

Wells’ Criteria for Pulmonary Embolism
The diagnosis of pulmonary embolism (PE) is often challenging, requiring the use of 
multiple ED resources for timely diagnosis, and is therefore well suited for clinical deci-
sion instruments. The Wells’ Criteria were derived from a cohort of 1260 patients using 
logistic regression to identify 7 significant variables:

Clinical signs and symptoms of deep vein thrombosis (DVT): 3
PE is the most likely diagnosis: 3
Heart rate >100: 1.5
Immobilization or surgery in the previous 4 weeks: 1.5
Previously diagnosed DVT or PE: 1.5
Hemoptysis: 1
Malignancy with treatment within 6 months or palliative: 1

The investigators specifically linked the use of their instrument to the d-dimer assay, 
using their score to determine pretest probability and seeking to exclude the diagnosis 
in patients with low pretest probability and negative d-dimer result.37,38 They reported 
a three-tiered classification, with low risk at a score less than 2, moderate risk at scores 
from 2-6, and high risk at scores greater than 6. The risk for PE with a low risk score 
coupled with a negative d-dimer result were 1.5% and 2.7% in the derivation and valida-
tion cohorts. Using a two-tiered classification of PE unlikely at scores less than or equal 
to 4 and PE likely at scores 5 or greater, a PE unlikely score and a negative d-dimer had a 
2.2% and 1.7% risk in the derivation and validation cohorts.

A subsequent study by Wells et al on 930 ED patients using the score plus d-dimer 
found a negative predictive value of 99.5% for a low risk score and a negative d-dimer.39 
This allowed for reduced imaging in 53% of patients.39 Another external validation study 
found acceptable interrater agreement between physicians for the Wells’ score at kappa 
0.62 for the three-tiered system and 0.7 for the two-tiered system.40 The Wells’ Criteria 
has been compared against the Geneva score with receiver operating characteristic curve 
analysis showing no difference between the two rules.41 In a large cohort of 3306 patients 
being evaluated for PE using the Wells’ score and d-dimer, for the 1028 patients with PE 
unlikely and a negative d-dimer, there was a 3-month incidence of venous thromboem-
bolism (VTE) of 0.5%—none of which were fatal events.42
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Comment: The Wells’ Criteria for pulmonary embolism combined with d-dimer is 
now the preferred approach for many EPs seeking to risk-stratify their patients for PE.  
Advances in age-adjusted cutoffs for d-dimer provide additional support for this  
powerful tool. 

Pulmonary Embolism Rule-Out Criteria (PERC)
Given the low specificity of the d-dimer assay for VTE, researchers post–Wells’ Criteria 
have sought to further reduce unnecessary testing by reassessing the d-dimer’s role in 
the diagnostic pathway. The PERC rule was designed to reduce d-dimer use—and down-
stream CT scan testing—in low-risk patients. The investigators derived the rule from a 
population of patients for whom the pretest probability of PE was less than 15%, seeking 
a risk for PE less than 2% if the rule was satisfied. Using logistic regression in 3148 ED 
patients, 8 clinical criteria were obtained:

Age < 50 years 
Pulse <100
Pulse oximetry >94%
No unilateral leg swelling
No hemoptysis
No recent surgery
No prior PE/DVT
No hormone use 

The variables were tested in 1427 low-risk and 382 very-low-risk patients (defined as 
being evaluated for dyspnea, but not part of the derivation or low-risk validation groups). 
In the low-risk group, the sensitivity, specificity, and false-negative rate was 96%, 27%, 
and 1.4% respectively. In the very-low-risk group, the sensitivity, specificity, and false-
negative rate was 100%, 15%, and 0% respectively.43 The rule was further validated in a 
prospective multicenter study of 8138 patients; among patients with pretest probability 
less than 15% who were PERC negative, 1% had PE/DVT within 45 days.44 The large 
PERCEPIC trial on 1757 patients found low pretest probability patients who were PERC 
negative had a false-negative rate of 1.2% and estimated that the use of PERC could 
decrease the median length of stay in the ED by at least 2 hours.45 The PROPER study, a 
non-inferiority, crossover cluster-randomized trial in 14 EDs across France, found that 
use of the PERC rule was not inferior to conventional care and that it was associated with 
reduced ED length of stay and CT use.45,46

 There has been criticism from some European studies that the PERC rule misses too 
many PEs. A provocatively titled multinational study from Hugli et al examined patients 
suspected to have PE in Switzerland, France, and Belgium. The investigators applied 
the PERC rule and then stratified the patients by pretest probability as defined by the 
Geneva score, which includes many of the same criteria as PERC. They found the PERC 
rule identified a small proportion of patients with suspected PE as very low risk (13.2%) 
and that the prevalence of PE among these patients was 5.4%. Critics of this study have 
noted that the PERC rule was designed to be applied in low-risk patients, not to define 
the low-risk population.47 Another study examined a retrospective cohort of patients in 
whom a d-dimer was ordered to exclude PE, and then calculated the Wells’ and PERC 
score from the medical record. The investigators found that the combination of Wells 
and PERC missed 2 PEs out of their population of 377 patients.48 However, a subsequent 
meta-analysis analyzed 11 studies—including the two negative studies—and found a 
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pooled sensitivity of 97%, specificity of 23%, and negative likelihood ratio of 0.18, con-
cluding that when the pretest probability is low, PERC is sensitive enough to exclude 
d-dimer testing.49

Comment: Given the number of disease states and sampling techniques that can cause 
nonspecific elevation in d-dimer assay, the PERC rule provides a useful tool in low-risk 
populations for excluding PE without laboratory testing. The key is applying the rule to 
the appropriate population, as stratified by gestalt or clinical score. 

Infectious Disease
Mortality in Emergency Department Sepsis (MEDS) score
The Mortality in Emergency Department Sepsis (MEDS) score was developed as a risk 
stratification tool for patients presenting to the ED with concern for sepsis. This score was 
prospectively derived from a population of 3301 ED patient encounters during which a 
blood culture was ordered. Charts were reviewed and several data points extracted and 
analyzed to determine the following univariate predictors of 28-day mortality: terminal 
illness, tachypnea or hypoxia, septic shock, platelets <150,000/mm3, bands >5%, age 
>65 years, lower respiratory infection, nursing home residence, and altered mental sta-
tus. These predictors were assigned point values based on their odds ratios, and points 
are added to generate a total score. Mortality risk was stratified into groups based on 
total score, with percentage mortality as follows: score 0-4: 0.9%; 5-7: 2.0%; 8-12: 7.8%; 
13-15: 20.2%; >15: 50%. A separate validation cohort had the following mortality rates: 
score 0-4: 1.1%; 5-7: 4.4%; 8-12: 9.3%; 13-15: 16.1%; >15: 39%.50 

The MEDS score was subsequently shown to also be predictive for 1-year mortality as 
well, with an area under receiver operating curve (AUROC) of 0.76 for 1-year mortality.51 
A subsequent study showed similar mortality rates when expanding the patient popula-
tion to include all patients with systemic inflammatory response syndrome (SIRS), po-
tentially broadening the potential application of MEDS in ED risk stratification.52 How-
ever, the score was shown to be less predictive in patients with severe sepsis and septic 
shock, underestimating mortality in all MEDS score groups.53 Still, the MEDS score was 
demonstrated in multiple validation studies as a reliable risk stratification tool in pa-
tients with suspected infection or SIRS.54,55  

Comment: The MEDS score is not as well studied in the literature as the SIRS criteria 
or QuickSOFA but is a validated risk stratification tool in patients with suspected infec-
tion and is ED specific. This tool, similar to Pneumonia Severity Index and CURB-65 
(discussed below), can guide management of patients from the ED. Very-low-risk (score 
0-4) patients can be treated as outpatients, low risk (score 5-7) patients warranting con-
sideration of a short inpatient stay, and moderate to high risk (>8) requiring inpatient 
management. At present, there is insufficient evidence regarding the role   of the MEDS 
score to guide inpatient disposition of floor vs. ICU in moderate to high-risk patients. 

Pneumonia Severity Index
The Pneumonia Severity Index (PSI) was developed as a tool to predict mortality risk 
from pneumonia, allowing providers to appropriately manage care for these patients in 
the hospital or as outpatients. A derivation cohort of 14199 patients was utilized to cre-
ate a prediction rule in two steps meant to parallel a clinician’s decision-making process. 
The first step identified a population of patients that were at low risk for death, which 
were assigned to class I. The second step quantified the risk for death in the remaining 
patients using weighted factors including demographics, comorbidities, exam findings, 
and clinical data. In all, 20 variables were used and assigned corresponding points, the 
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sum of which would assign a patient to a particular risk for mortality (class II-V).56 
Mortality risk was relatively low for patients in class I and II (0.4 and 0.7%, respec-

tively). Class III carried a mortality risk of 2.8%. Mortality increased with class IV and 
class V classification: 8.5% and 31.1%, respectively. These data were replicated with a 
separate validation cohort of 38039 patients, with similar mortality rates in each class. 
This study concluded with the recommendation that patients diagnosed with pneumo-
nia falling into class I and II mortality risk should be managed as outpatients, possible 
brief inpatient observation for class III, and class IV and V managed as inpatients.56  

Subsequent trials evaluating the utility of the PSI score in the management of patients 
diagnosed with pneumonia randomized low-risk patients (class I-III PSI) to treatment as 
outpatients vs inpatients. There were no statistical differences in adverse outcomes (ICU 
admission, hospital readmission, mortality, complications), with notable improvements in 
hospital admission rates and patient satisfaction.57,58 A meta-analysis of 6 studies that used 
a clinical decision tools to identify low-risk patients to treat pneumonia as outpatients 
showed no significant difference in mortality, patient readmissions, or patient satisfaction. 
Low-risk patients that required admission often included comorbid illnesses not included 
in the PSI, inability to take oral medications, barriers to compliance, or hypoxemia.59  

Though the PSI has been shown to successfully identify patients at low risk for mortal-
ity, it has been less accurate at predicting and stratifying classes of severe pneumonia. A 
meta-analysis by Loke et al showed that PSI class IV or V had pooled sensitivity of 0.90 
and specificity 0.53 for 30-day mortality, which was significantly better than the CURB-
65 rule (discussed below).60 However, a subsequent large meta-analysis showed that  PSI 
class IV or V had a sensitivity of 75% and specificity 40% for requiring ICU intervention 
or admission, which are not sufficient to guide disposition decisions.61 

CURB-65
One of the criticisms of PSI included its complexity, with inclusion of 20 factors making 
it impractical for use as a bedside tool. The CURB-65 score was developed with a similar 
goal of identifying low-risk patients with pneumonia who would be candidates for out-
patient management, but also patients at high risk for mortality or ICU admission. Crite-
ria for severe pneumonia published by the British Thoracic Society include: respiratory 
rate ≥ 30 breaths/min, diastolic blood pressure ≤60 mmHg, and blood urea nitrogen >7 
mmol/L. The presence of 2 criteria was 88% sensitive and 72% specific for mortality or 
ICU admission.62 The CURB-65 tool was based on these criteria, with the addition of age 
≥65 years, which was found to be a separate independent predictor of mortality. Thus, 
the 5 criteria making up the score are as follows (1 point each, 0-5 total):

Confusion, meaning Mental Test Score ≤8, or disorientation to person, place, or time
Urea >7 mmol/L (>19.6 mg/dL)
Respiratory rate ≥ 30 breaths/minute
Blood pressure (systolic < 90 mmHg or diastolic ≤ 60 mmHg)
Age ≥ 65 years 

A score of 0-1 of these criteria characterized low mortality risk (<1.5%) in the test 
group, a score of 2 was intermediate mortality risk (9.2%), and a score of 3 or more as-
sociated with high mortality risk (22%). A score ≥ 2 was 93% sensitive and 49% specific 
for 30-day mortality.63  

A subsequent prospective validation study by Aujesky et al that included 3181 pa-
tients with community-acquired pneumonia demonstrated slightly higher mortality 
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rates for each CURB-65 score (0.6%, 3%, 6.1%, 13%, 17%, 43% mortality in scores of 
0-5, respectively).64 In particular, the 3% mortality rate in CURB-65 scores of 1 is similar 
to PSI class III mortality rates, suggesting a lower threshold (CURB-65 ≥1) for consid-
eration of admission for management. Another validation study by Capelastegui et al 
showed similar mortality rates to the derivation study for specific CURB-65 scores, but 
noted 53% of patients with a score of 1 also were found to have characteristics that were 
independent for a poor prognosis, and should be considered in  the decision for outpa-
tient or inpatient treatment.65 Furthermore, a recent study found that of patients in the 
ED  with a CURB-65 score of 1, 8% still required critical care intervention.66 Thus, use 
of CURB-65 in screening for low-risk patients with community-acquired pneumonia is 
recommended to be limited to scores of 0. However, as with PSI, validation studies have 
yet to show predictive utility of scores suggesting severe pneumonia (CURB-65 ≥3) in 
predicting mortality or ICU requirement.60,61  

As validation studies have suggested only patients with a CURB-65 score of 0 are 
screened low risk enough for outpatient treatment, greater weight may be placed on util-
ity of CRB-65 as a tool. This rule, initially proposed in the same study as CURB-65, omits 
blood urea nitrogen as a factor to only rely on history and physical exam data with a 
score of 0 indicating low risk.63 In initial derivation and validation studies, this rule dem-
onstrated <1.6% mortality risk with a score of 0, with risk increasing to 4-8.6% in scores 
of 1.63,65 Multiple studies have compared CRB-65 and CURB-65, with only marginal but 
not statistically significant improvement in prognostic utility of CURB-65.65,67 A meta-
analysis of 1648 patients even showed only 0.5% mortality risk in CRB-65 ≤1; potentially 
including CRB-65 0-1 as low risk, though, would require further study.68 Although mul-
tiple validation studies have also successfully stratified low risk to similar mortality risk 
(<1.6%), accuracy wanes with higher CRB-65 scores.69 

Several studies have directly compared CURB-65 and PSI both in terms of identifying 
low-risk patients and stratifying disease severity.60,61,64,68,70-72 Multiple studies have shown 
similar mortality risk in low-risk populations and have demonstrated sensitivities for 
mortality greater than 96% for CURB-65/CRB-65 = 0 and PSI class I-III, albeit with speci-
ficities ranging from 18-65%.64,68,70 In stratifying patients into different levels of severity 
(ward vs ICU patients), PSI has shown slightly better sensitivity/specificity for mortality 
and/or ICU intervention, though neither is strong enough to significantly stratify severe 
pneumonia to serve as tools for directing inpatient management.60,61  

Comment: PSI, CRB-65, and CURB-65 have been well validated as screening tools for 
low-risk patients who should be treated as outpatients (CURB-65 or CRB-65 = 0, PSI 
class I and II). A moderate-risk population (CURB-65 = 1 or 2, PSI class III) may benefit 
from treatment as inpatient or outpatient at clinician judgement. Use of these tools for 
determining disease severity and possible ICU requirement is not as reliable, and other 
clinical factors should be considered. 

Conclusion
This article provides an overview of several common clinical decision instruments and 
the evidence behind them. Ultimately, many institutions have incorporated clinical de-
cision rules directly into the electronic medical record, and this strategy will not only 
increase their use, but hopefully collect further data on whether the instruments truly 
perform better than unstructured clinical judgement. 
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