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Introduction

e bounce-back admissions
e — missed diagnoses of serious illness
e — incomplete ED care

o — insufficient outpatient f/u after discharge

About This Study

o 1st large-scale analysis
¢ US p'ts admitted shortly after MBD from ED
o hospital & patient characteristics

Goal of This Investigation

e 7-day bounce-back admissions after ED
discharge in a cohort of California hospitals

e Prevalence ?
e Characteristics ?
o predictors ?

e data from OSHPD

(Office of Statewide Health Planning and Development)
o study protocol was reviewed & approved by

o California Committee for Protection of Human Subjects

« institutional review board of the University of California
at Los Angeles

Method

e retrospective cohort study

e In 2007; in California

e general, acute, nonfederal hospitals
e 218y/0; discharged from ED

e Bounce-back admission to an inpatient bed
within 7 days of the ED visit




6,745,320 ED visits to 336 hospitals

6,437 847 ED visits to 288 hospitals

Hospital Level Exclusions
No ED senvices
Partial Year Hospitals
Pediatric Hospitals

Study Cohort
5,035,833 ED visits o 288 hospitals

Visit Level Exclusions (n=visits)"
Age less than 18: (=985, 185)
No ED Disposition information (n= 49,372)
Died (n=11,732)
Transferred (n=142,505)
Hospice care (n=1,993)

Visil last week of 2007 (n=128 835)
Patients with multiple ED visits on day 0
(n=63.817)

Same day admission (23,588)

Bounce-Backs
130,526 visits resulting in bounce-back
admission within 7 days of discharge

No Bounce-Backs
4,905,307 visits who were nol admitled
within 7 days of discharge

*Multiple patients with more than 1 exclusion

et HiA

continuous variables:

— assess individual predictors with hospital-level random effects
categorical variables:

— the Cochran-Mantel-Haenzel test stratified by hospital
Outcome:

— modeled with hierarchic logistic regression,
with ED visits clustered within hospitals;

— all models included a hospital random effect
other candidate predictors — modeled as fixed effects

The unit of analysis was at the patient visit level

o reference group
e <40y/o
e HAD
o Weekday
o No AAD/elope
¢ “other” payment

e ED Dx category=“asthma”
o not-for-profit ~ nonteaching -~ nontrauma

center

odds ratios & 95% confidence intervals

o Data analyses were performed with

e SAS (version 9.2; SAS Institute, Inc., Cary,
NC)

e R software (Vienna, Austria).

Result

e mean age of the patients
o admitted w/i 7 days: 53.6=20.0yrs
e nonadmitted group: 45.1+19.0yrs

The most common discharge Dx

e other injuries (12.8% — 1.2%)

e burns, wounds, and superficial injuries

e sprains, fractures, and joint disorders (9.0% — 1.2%)

o diseases of the musculoskeletal system (8.5% — 2.1%)




Tablo 1. Characteristics of the study cohort.

Facilities Total Visits (%) Adenitted Within T Days (%) Not Admitted Within 7 Days (%)

Hospital Characteristic in=287) {n="5,035,833) {n=130,526) (n=4.905,307)
Cwmership
Nat for peofit 207 3.812,303(75.7) 97.203(74.5) 3,715,010 (75.7)
For peofit 63 778,792 15.5 20,370 (15.6) 758,422 (15.5)
County 17 444,738 (8.8} 12,863 (9.9) 431,875 (B.8)
Trauma center 42 1,132,874 (22.5) 32127 (24.8) 1,100,747 (22.4)
Teaching z 532,252 110.6) 16,603 12.7) 515,649 (10.5)
Medicatsurgical hospital

beds
<100 108 1,171,500 (23.3) 27,017 (20.T) 1,144 483 (23.3)
=100 179 3,864,333 (76.8) 103,509 (79.3) 3,760,824 (76.7)
Patient characteristics
Age, mean (SO), y 45.3119.4) 53.6(20.0) 451 (19.0)
=80 343,639 16.8) 17.886 (117) 325,753 (6.6}
60-79 776,584 (15.4) 30,916 (23.7) 745,668 (15.2)
40-59 1,720,478 (32.2) 46,928 (36.0) 1,673,550 (34.1)
18-39 2,195,132 (43.6) 34,796 (26.7) 2,160,336 (44.0)
Male 2.44,051 (42.6) 58,944 (45.2) 2,085,107 (42.5)
Race /ethaicity*
White 2613852 (501.9) 74,089 {56.8) 2,539,763 (51.8)
Black 602,990 (12.0) 16,229 (12.4) 586,770112.0)
Hispanic 1.212,358 (24.1) ATETEN.D 1.184,692(24.2)
Aslan 238,76814.7) 5,891 (4.5) 232877 (4.8
Admerican Indian 19,029 0.4} 4B8{0.4) 18,541 (0.4)
Other 348,817 (6.9) 6.16314.7) 342,664 (7.00
Dty of weeh of service
Weekday 3,584,350 (71.2) 93711718 2,490,639(71.2)
Weekend 1.451.483 (28.8) 36,815 (28.2) 1.414,668 (28.8)
AMA/eloped z 113,811 (2.3) 5.564(4.3) 108,247 (2.2}
Expected source of payment
Selt-pay 884.675(17.6) 15,664 (12.0) 869,011 (17.7)
Medicasd BE9,550(17.7) 26,341 (19.4) BG4, 209 {17.6)
Medicare 750,342 (14.9) 35,495 (27.2) 714,847 {14.6)
Al others 2,511,266 149.9) 54,026 (41.4) 2,457,240 (50.1)

AN Againat mecdcal pdvice.

*Th risce visriatae i 3.2% missing information that was inchaded as “other.”
"The SOUICE OF DEFTMT VRAD P 0,047 MENSING FICEMAton (Nt was INCIUCed &3 “Ctner.”

the highest proportions of bounce-back admissions

¢ renal disease (0.05% — 12.2% raw admission rate)
e CRD (0.03% — 12.7%)
e ESRD (0.02% — 11.5%)

e congestive heart failure (0.3% — 10.6%)

o diseases of the blood (0.3% — 8.0%)

»3. Top 3 for
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e Dx: ED = subsequent bounce-back admission

e mental illness was otherwise prevalent ..,

OR (95% Cl) & Predicted Probability (%)

° increasing age (strongly associated with bounce-back admissions)

Age (ref=18-39y)
=80
60-79
40-59

2.82(2.76-2.9)" .
2.18(2.10-2.22)|
1.64 (1.61-1.70)’

1.97
5.36
4.19
3.19

OR (95% Cl) & Predicted Probability (%)

AMA/eloped 1.9(1.89-2.00)' 3.75
(ref=non-AMA/eloped)
Expected source of payment (ref=other) .
Self-pay 0.85 (0.83*—0.86)’ 1.67
Medicaid 1.42 (1.40—1.45); 2.78
Medicare 1.53 (1.50-1.55) 2.97
o hosbital characteristics .
For profit 1.2(1.1-1.3) 212
Teaching hospital 1.2 (1.0-1.3)° 2.27




OR (95% CI) & Predicted Probability (%)

top 6 primary discharge Dx associated with a bounce-back admission

Index ED visit discharge diagnosis (ref=asthma)

NG

o P'ts with a greater chance of returning & being admitted were

e Older (4~5%)

Chronic renal disease 3.3 {2.8—3.8)’ 6.18 ° AAD/eIoped ("'4%)
End-stage renal disease 2.9(2.4-3.6) 5.57 . . o
Congestive heart failure 2.5(2.3-2.6) 4.69 o received a Dx of renal disease (~6%)
Diseases of the blood 2.4 {2,2~2,6)' 4.58
Neoplasms 2.2(2.0-2.4), 4.24
Mental iliness 2.0(1.9-2.2) 3.94

Limitations Discussion

o findings cannot be generalized to the entire US
population

e OSHPD ED files lack data about preexisting
comorbidities or visit acuity level

o HEER K% A — {Kffbounce-back admission rate

e Forolder p'ts who are less able to care for themselves
o their ability to recover
o their support mechanisms

For vulnerable p'ts

e a key component of the ED evaluation

e — assessment of their access to care both
before & after the ED visit

e When encountering a p't who may leave before
completion of the ED visit, providers should
attempt to prevent the patient from leaving.




e Original sin of for-profit and teaching hospital

CRD/ESRD, CHF & Blood disease

e chronic conditions that often require regular
encounters

e a limitation of appropriate follow-up care after
the ED visit ?

CRD/ESRD

o conditions that may seem stable but in reality
harbor more devastating disease processes

P'ts w/ mental illness

e Substance abuse, psychosis, dementia&
developmental delay

o Misdiagnosis?t
e errors in communication & estimation of risk
o lack of the ability to receive proper f/u

findings suggest that quality improvement efforts
focus on

o high-risk individuals
o the old

o patients with renal disease

o disposition plan of patients include
consideration of vulnerable individuals




High risk clinical characteristics for subarachnoid
haemorrhage in patients with acute headache:
prospective cohort study
Perry JJ, Stiell IG, Sivilotti ML, et al.

BMJ. 2010;341(oct28 1):c5204.

Introduction

¢ Headache
e ~ 2% of all ED visits
o SAH — 1~3% of headache

e Neurologically intact p'ts
present with headache alone

e account for up to half of all patients with SAH

Non-contrast CT + lumbar puncture

o Inefficient in alert p'ts w/ non-traumatic headache
o CT

e Costs?

o Radiation —risk of cancert

e > 95% of scans to r/o SAH — (-)
e Lumbar puncture

o Painful

o Might result in worse headache than the
original

Goal

e assess clinical characteristics of p'ts in ED
e neurologically intact
o headache peaking w/i 1hr

o to determine predictive variables for SAH

Study design

e @ 6 university affiliated tertiary care teaching
hospitals in Canada

e prospective multicentre cohort study
e Nov. 2000 ~ Nov. 2005

Study population

e p'ts 216y/0 & GCS=15

e Presented to ED with a chief complaint of
e non-traumatic headache peaking w/i 1hr
e syncope associated with a headache




exclusion

o history of = 3 recurrent headaches of the same
character and intensity as the presenting headache
over 6m

o referred from other centers w/ a confirmed SAH
o papilloedema (determined by treating physician)
o new focal neurological deficits

e previous Dx of hydrocephalus, cerebral aneurysm,
SAH, or brain neoplasm

Data collection

e Emergency physicians completed data forms to
identify the presence or absence of 33 clinical
findings in consecutive eligible patients.

e assessment by two physician independantly if
feasible

o telephone f/u at 1 & 6 months when necessary

Outcome measures

e SAH

e Subarachnoid blood on non-contrast brain CT

e With an aneurysm or arteriovenous
malformation evident on cerebral
angiography

° RBC (>5 X 1 Q6/L) in the finz

e Xanthochromia in CSl}

Nantlos hromia

P'ts discharged w/o CT & lumbar puncture

e reviewed medical records (both enrolled and
missed eligible patients)

o telephone interview @ 1&6m

Data analysis

e Univariate analyses determined the strength of
the association between each of 26 possible
predictor variables and the outcome variable

° Pearson’s X2 or Fisher’s exact test for nominal variables

e unpaired two tailed t test for continuous
variables

o further explored variables of potential interest
(on statistical or clinical basis)

e ensure the final model didn't contain continuous
variables

e — clinicians could categorise patients w/o
performing any calculations

e interobserver agreement for each variable
o Kk coefficient
e Spearman’s interclass coefficient




develope multivariate models to predict SAH

e Variables associated at an a <0.20

— X2 recursive partitioning analysis

e KnowledgeSEEKER 6.0 software
o Variables
o with good interobserver reliability (k >0.6)

e made clinical sense
could be easily incorporated into clinical
practice

Result

Eligible patients {n=3049)
— Missed eligible patients {n=1050)
Patients enrolled {n=1999)

—— Patients lost to all active follow-up {n=26)

Subarachnoid haemorrhage {(n=130)

missed eligible p'ts (1050)

e mean age 44.0y/o

e % 59.9%

e arrived by ambulance 22.9%
e Fewer CT 73.0%

e Fewer lumbar puncture 36.7%
e Fewer SAH 2.7%

o telephone f/u confirmed the absence of subsequent
SAH in all patients contacted

e @ 1month — 87.5%
e @ 6month — 80.6%

Enrolled p'ts (1999)

o relatively young (43.4+17.1y/o)
o ¥ >50%
o worst headache of life > 75%

e mean time from onset to peak ~9mins

e ~1/3 neck pain

e ~1/3 vomiting

¢ brain CT and/or lumbar puncture

e — 1657 p'ts (82.9%)

o Most were diagnosed with benign headaches
e (1521, 81.4%)

e CT/lumbar puncture in 48 p'ts

e — other serious illnesses

¢ 9 cases of SAH weren't identified by the
radiologist’s final interpretation of CT

e 7 xanthochromia

¢ 2 had RBC in CSF with cerebral angiography
(+)




103 p'ts who had two independent
physician assessments
e substantial interobserver agreement
e being awoken by headache
o transient loss of consciousness
o Vomiting
e complaint of neck stiffness or pain

o onset with exertion
e peak pain intensity

e Poor Interobserver agreement
o the worst headache of life

e needing to rest
o time from onset to peak of headache

Example of recursive partitioning analysis

Age 2407
{1999 patients, 130 had subarachnoid haemorrhage)

No L= o 1098 patients, 117 had subarachneid haemorrhage

Nedk pain?
{901 patients, 13 had subarachnoid haemorthage)

RCFR 278 patients, 11 had subarachnoid hasmorthage l

W d loss of
{623 patients, 2 had subarachnoid haemorthage)

|52 e patients, 1 had subarachnoid haemorthage

Exertion?
{608 patients, 1 had subarachnoid hasmorhage)

~ | 182 78 patients, 1 had subarachnoid haemorthage |

(530 patients, 0 had subarachnoid hasmorthage) |

Low rish: no investigation required High risk: require investization

Variables included in each of three proposed rules

For each rule, patients should be investigated if one or
more of the variables are present

Rule 1
* Age 40
« Complaint of neck pain or stiffness
* Witnessed loss of consciousness
* Onset with exertion
Rule 2
+ Armival by ambulance
* Age 5
* Vomiting at least once
* Diastolic blood pressure »>100 mm Hg
Rule 3
 Armival by ambulance
» Systolic blood pressure 160 mm Hg
* Complaint of neck pain or stiffness
* Age 45-55

Table 3| Classification of performance of rubes to identify patients who require fusther investigation for subarachncid hasmormhage

‘Subarschnold

Yes e Seasitivity {95% €0 Specificity (95% (0 Negative predictive value investigation rate

T

Discussion

e Variables strongly and reliably associated with SAH
o Arrival by ambulance
e Age 240
e complaint of neck stiffness or pain
o onset with exertion
o Vomiting
o witnessed loss of consciousness
e raised BP




o More selective testing can also shorten length
of stay in an overcrowded ED

e CT — + 3hrs

e Lumbar puncture — + 4hrs
e Can J Emerg Med2002;4:333-7.

o variables proposed by other studies
e $>50y/o ~ 8§ < 50y/o ~ stressful events

e Drinking, smoking, HTN and oral
contraceptives

e prevalent among many patients in ED

e might not be clinically useful for differentiating
SAH from other headaches.

Uncommon connective tissue
disorders can lead to SAH
e Ehlers-Danlos syndrome type IV

o ADPKD autosomal dominant polycystic kidney
disease

e Marfan’s syndrome, can lead to subarachnoid
haemorrhage

e Why keep one model w/o the ambulance
variable for additional study ?

e Given the heterogeneity of headache, it would
be impractical to generate one clinical decision
rule for all causes.

o rules should not be applied to p'ts with chronic
recurrent headaches

Clinical implications

e considered carefully for SAH if
e Age 240
e witnessed loss of consciousness
o complaint of neck pain or stiffness
o onset with exertion
e arrival by ambulance
e Vomiting
o diastolic BP 2100 mmHg
e systolic BP 2160 mm Hg




Clinical decision rules to rule out subarachnoid
hemorrhage for acute headache.
Perry JJ, Stiell IG, Sivilotti ML, et al.
JAMA. 2013;310(12):1248-55.

Introduction

e Headache

o ~ 2% of all ED visits
o SAH — 1~3% of headache

o diagnostic dilemma

e — 50% SAH is on p'ts with headache alone

e 5.4% SAH were missed during initial ED assessment

o Stroke. 2007;38(4):1216-1221.

3 rules, each have 4 variables

Box 1. Variables Included in Each of the 3 Proposed Rules

Rule1

Investigate if =1 high-risk findings present:
1. Age=40y

2. Neck pain or stiffness

3. Witnessed loss of consciousness

4, Onset during exertion

Rule 2

Investigate if =1 high-risk findings present:
1. Age =45y

2. Arrival by ambulance

3. Vomiting (=1 episodes)

4. Diastolic blood pressure =100 mm Hg

Rule3

Investigate if =1 high-risk findings present:
1. Aged5-55y

2. Neck pain or stiffness

3. Armrival by ambulance

4. Systolic blood pressure =160 mm Hg

Method

e prospective multicenter cohort study

e ED of 10 university-affiliated urban Canadian
tertiary care teaching hospitals

o April 2006~July 2010

enrollment

e p'ts 216y/0 & GCS=15
¢ Presented to ED with a chief complaint of
e non-traumatic headache peaking w/i 1hr

o no fall or direct head trauma in previous 7 days
¢ presented w/i 14 days of headache onset

ineligibility
o established recurrent headache syndromes
o referred from other centers w/ a confirmed SAH
o papilloedema (determined by treating physician)

o new focal neurological deficits

e previous Dx of hydrocephalus, cerebral
aneurysm, SAH, or brain neoplasm




e The research ethics board
e — no need for written consent

Assessment

e record 19 clinical findings on data forms before

ordering CT or CSF analysis

e Sensibility
¢ (1) Are investigations indicated for this p't

according to the decision rule? (Yes/No)

e (2) How comfortable would you be in actually

using the rule for this p't? (5-point scale)

e assessment by two physician independantly if
feasible
« telephone f/u at 1 & 6 months when necessary

Outcome measures

e SAH
e Subarachnoid blood on non-contrast brain CT

e With an aneurysm or arteriovenous
malformation evident on cerebral
angiography

° RBC (>1 % 1 (Q6/L) in the final sample of CSF

e xanthochromia in CSF

o Physicians were instructed not to alter their
practice according to the proposed rules.

e Proxy Outcome Assessment Tool

Statistical Analysis

e Interobserver agreement — k coefficient
¢ Univariate analysis

e continuous variables — 2-sided t test
o categorical variables — Pearson x? test

o Potential refinement of the rules
— multivariate recursive partitioning analysis




e post hoc bootstrapping analysis
e — derivation cohort on 2010

e SAS version 9.2

Result

Figure. Study Flow
2736 Patients eligible

.| 605 Excluded (missed potentially
eligible)

2131 Enrolled

Assessment for subarachnodd hemarrhage
539 Actual
1592 Proxy outcome assessment

1999 Subarachnoid hemorrhage 132 Subarachnoid hemorrhage
not present present
35 Lost to active follow-up
{(subarachnoid hemorrhage
assumed not present)

Falsa True True False
positive  negative positive  negative
Rulel 1447 552 Rule 1 130 2
Rule? 1287 712 Rulo 2 126 6
Rule3 1388 611 Rule 3 128 4
Ottawarule 1694 305 Ottawa ride 132 0

enrolled

e mean age 44.1y/o

e Women 1290 [60.5%]

e arrived by ambulance 559 [26.2%)]

e CT scan obtained 1767 [82.9%]

e lumbar puncture performed, 833 [39.1%]
e subarachnoid hemorrhage, 132 [6.2%)]

missed potentially eligible patients

e mean age 46.0y/o

e Women 345 [57.0%]

e arrived by ambulance 173 [28.6%)]

e CT scan obtained, 503 [83.1%]

e lumbar puncture performed, 227 [37.5%]
e subarachnoid hemorrhage, 33 [5.5%]

univariate & K analysis

o Patients with subarachnoid hemorrhage were
o Older
o had more rapid peaking headaches
e onset during exertion
o loss of consciousness
e neck pain or stiffness
o Vomiting
o more frequently arrived by ambulance
o the worst headache of their lives
e (commonly reported in benign headaches)

Ottawa SAH Rule

e recursive partitioning analysis to refine the
existing rules

e rule 1
o thunderclap headache
- instantly peaking pain
o limited neck flexion on examination

- inability to touch chin to chest or raise the
head 8 cm off the bed if supine




Table 3. Sensitivity, Specificity, and Negative Predictive Value of the Original Derived Rules and the Ottawa SAH Rule for Subarachnoid Hemorrhage

L
Reesult of Assessment 1 2 i Ottawa SAH
el = s el
SAH 126 128 132
No SAH 1287 1388 1604
Negative, No.
SAH 4 0
Mo SAH 2 712 611 305
, 95,5 (94.6-99.6) 95.5 (90.4-97.9) 97.0 (92.5-58.8) 100.0 (57.2-100.0)
27.6(25.7-296) 30.6 (28.6-32.6) 356(336-37.7) 15.3(13.8-16.9)
9.6 499.0 99.4 100.0
0.86 (0.70-1.0) 0.96 (0.89-1.0) 0.79 (0.62-0.96)
Paositive 1.36 (1.31-1.40) 1.48 (1.41-1.55) 1.39(1.33-1.45) 1.17 (1.15-1.20)
Negative 0.054 (0.013-0.21) 0.127 (0.058-0.27) 0.099 (0.037-0.26) 0.024 (0.001-0.39)

bootstrap analysis for Ottawa SAH Rule

e using the previous phase 1 derivation data set
o sensitivity 100% (95% CI, 100%-100%)
o specificity 20.6% (95% Cl, 20.5%-20.6%)

e combined cohort (N=1999+2131)
e sensitivity 100% (95% Cl, 98.6%-100%)
o specificity 17.8% (95% Cl, 16.6%-19.1%)

potential influence on clinical practice

e baseline rate of investigation — 84.3%
e Rule 1 — 74.0%

e Rule 2 - 71.0%

e Rule 3 — 66.4%

e Ottawa SAH Rule — 85.7%

Sensitivity?

o the trade-off is

o loss of specificity
o testing 1
e associated costs 1

e Ottawa SAH Rule does not lead to a reduction of testing

Discussion

e it is impractical to generate a single clinical
decision rule for all causes of headache

e physicians may overlook exclusion criteria

o Headaches different from the patient’s usual
headache pattern

e — represent a different etiology
e — need investigation




Box 2. The Ottawa SAH Rule

For alert patients older than 15 y with new severe nontraumatic head-

o Additional study could assess the relative ache reaching maximum intensity within Th

benefits in rural vs urban setti ngs. Not for patients with new neurologic deficits, previous aneurysms,
SAH, brain tumors, or history of recurrent headaches (=3 episodes
over the course of =6 mo)

e The Ottawa SAH Rule may help to standardize Investigate if =1high-risk variables present:
which patients with acute headache require Age =40y

. tigati . Neck pain or stiffness
Investgations. Witnessed loss of consciousness

. Onset during exertion
. Thunderclap headache (instantly peaking pain)
. Limited neck flexion on examination

AV A WN =

SAH indicates subarachnoid hemorrhage.




