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Predictors of Cause-Specific Hospital Readmissionin Patientswith Heart Failure

ZARUHI V. BABAYAN, M.D., PH.D..*+ ROBERT L. MCNAMARA, M.D., M.H.S., FACC,* T NAGAPRASAD NAGAJOTHI, M.B.B.S.,*
EpwaRD K. KASPER, M.D., FACC,* HAROUTUNE K. ARMENIAN, M.D., M.PH., DR.PH.,¥ NEIL R. POWE, M.D., M.PH.,M.B.A., 1%

KENNETH L. BAUGHMAN, M.D., Facc,* JoAOA.C. LIMA, M.D., FACC*

* Department of Cardiology and TMedicine, JohnsHopkins School of Medicine; $Department of Epidemiology, JohnsHopkins

Bloomberg School of Public Health, Baltimore, Maryland, USA

Summary

Background: Repeated hospital readmissonsare frequent
and increasing over time in patients with heart failure (HF).
The predictors for readmission in patients with HF are not
completely understood.

Hypothesis: The study was undertaken to investigate the
time course of readmission by specific causein patientswith
HF, and to examinetheindependent effectsof HF etiology and
left ventricular (LV) function on cause-specific readmissions.

Methods. A retrospective cohort of 493 consecutive pa-
tientswith HF wasfollowed for readmission for 16.5+ 12.3
months. Ischemic etiology of HF was defined as history of
myocardial infarction (MI), coronary artery bypass graft
(CABGQG), percutaneous trandumina coronary angioplasty
(PTCA), or =70% coronary stenosis. Left ventricular func-
tion was assessed echocardiographically. Cause-specific
readmissions were classified as HF, cardiovascular disease
(CVD) other than HF, and other non-CVD.

Results: The annual readmission rate was 56.6%. Median
timeto readmissionwas 91 days, with 18.3% patientsreadmit-
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ted within 1 month after discharge. Ischemic etiology inde-
pendently predicted al-cause readmission; Cox hazard ratio
(95% confidenceinterva): 1.40(1.11-1.79). Thisrelationship
was significant in women (1.83[1.31-2.55]), but not in men
(1.15[0.82-1.62]), while readmiss onswere equally frequent
inboth genders. Smilarly, ischemic etiology significantly pre-
dicted readmissionfor CVD inwomen (4.18[2.14-8.19]), but
not in men (1.49 [0.83-2.67]). However, LV dysfunctionin-
dependently predicted readmission for recurrent HF (2.44
[1.46-4.08]), while ischemic etiology was not predictive in
either gender.

Conclusions: Readmissions for recurrent HF comprise
only one-third of total hospital readmissionsin patientswith
HF. Ischemic etiology isasignificant predictor of reedmission,
and most of this effect is mediated through a four-fold in-
creased risk of reeadmission for CV D other than HF inwomen.
Readmission for recurrent HF ispredicted by LV dysfunction
but not by ischemic etiology. Patients with HF can be accu-
rately risk stratified for cause-specific readmission with avail -
ableclinica data

Key words: congestive heart failure, hospital reedmission, is-
chemic etiology, gender

Introduction

Asachronic condition, heart failure (HF) has emerged as
the leading cause of hospitalization in the U.S.I While is-
chemic etiology isaknown predictor of mortality in patients
with HF, 23 itsindependent relationship with hospital readmis-
sion hasnot been clearly established. Thefew previousstudies
found grester rates of hospital readmission® 7 in patientswith
ischemic HF. However, these studies did not identify other pa-
tient attributesto allow for aprecise delinegtion of risk factors
for hospital readmission and were performed in populations
that differ significantly from U.S. metropolitan populations.

Moreover, it is unclear whether ischemic etiology, as a
cause of hospital readmission, acts through the effect of im-
paired left ventricular (LV) function or through other mecha
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nisms. Left ventricular function is a powerful predictor of
prognosisin patientswith symptomatic heart disease.8 While
loss of gection power constitutes the most common cause of
HF overdl, increased ventricular stiffnesswith fluid overload
attributed to diastolic dysfunctionis particularly prominentin
thee derly andinwomen.% 10

Numerousclinical trialsaimed at reduction of reeadmission
rates demonstrate that frequent readmission can be prevented
with avariety of interventions, ranging from specific pharma
cotherapy to amultidisciplinary team approach.1! Therefore,
thereisanincreased interest inidentifying therisk factorsfor
hospital readmissionin patientswith HFE.

Integrating the available clinical and administrative data
with traditional epidemiologic methods, we retrospectively
studied the cohort of consecutive patientswith the primary di-
agnosis of HE. The purpose of this study was (1) to describe
the patterns of readmission in patients with HF by specific
causeandtime; and (2) toinvestigatetheindependent effect of
ischemic etiology of HF on cause-specific hospital readmis-
sioninametropolitan, predominantly black population.

Methods
Design and Setting

The study cohort comprised 493 consecutive patientswith
the primary diagnosisof HF (DRG code 127) discharged dive
between January 1, 1996, and December 31, 1997, from the
Johns Hopkins Hospital (JHH). Johns Hopkins Hospitd isa
university-affiliated center that al so servesas community hos-
pitd for the East Baltimore inner-city population. The study
was approved by the Joint Committee on Clinical Investi-
gation of the JohnsHopkinsMedical Ingtitutions.

Patient Selection

Nonreferred patients admitted through the emergency de-
partment (ED) were sdlected for thestudy. Therationalefor se-
lection of patientsadmitted through the ED was (1) to decrease
the referra bias by excluding patients who were transferred
from other hospitals, admitted electively, or referred from the
outpatient setting; (2) to makethisstudy population generaliz-
ableto other popul ations by assuring that the JHH patient mix
reflectsthe neighborhood metropolitan popul ation rather than
referred patients; and (3) to diminish lossesto follow-up. The
fina digibility criteria included an admission presentation
with evidence of HF asaprimary condition, leading to hospi-
talization using themodified Framingham criteriafor HF12

M easur ementsand Definitions

Medica recordsof eigible patientswere reviewed for con-
firmation of diagnhosisof HF and for data collection. Datacol-
lection was performed using standardized data collection

forms. Basdline (index hospitalization) variablesincluded de-
mographic characterigtics, comorbidities, history of HF and
other cardiovascular disease (CV D), history of mgjor cardio-
vascular procedures such as coronary artery bypass graft
(CABG), percutaneous trandumina coronary angioplasty
(PTCA), coronary angiogram, and history of previous hospi-
talizations. Definitionsof ischemic etiology of HF, LV systalic
function, aswell as specific causesof readmisson usedinthis
andysisaresummarizedin Tablel.

Follow-Up Procedures
Follow-up dataincluded information on subsequent hos-

pital readmission, survival status, heart transplantation, and
emergency department and outpatient visitsin the entire co-

TaBLE |  Definitionsof etiology, left ventricular function, and spe-
cific causesof readmission

Veriables Definitions
Ischemic etiology « Documented history of acute Ml
of HF2 « Higtory of PTCA or CABG surgery
« Significant (> 70%) narrowing of a
major epicardial coronary artery

oncoronary angiogram

LV systalicfunction®  Normal function (EF> 55%)
Mild dysfunction (EF = 45-54%)

* Moderatedysfunction
(EF =30-44%)
 Severedysfunction (EF < 30%)
Spexific causesof * Recurrent HF¢
readmission « Other CVD excluding HF 4

¢ Othernon-CVD¢©

a|schemic etiology of heart failure was defined by the presence of at
least oneof thelisted conditions.

b nterpretation of echocardiographic tapeswas performed by two ob-
servershlinded to the design and objectivesof thisstudy.

¢ Readmissions for HF were defined as DRG code 127, consistent
withthedefinition of HF intheinitia cohort.

d Readmissionsfor CVD included readmissionsfor ischemic events
such as acute M1, CABG, and PTCA (DRG codes 106, 107, 112,
121) consistent with the origina definition of ischemic causes, as
well ashospitalization for other major cardiovascular procedures (| eft
and right cardiac catheterization, arrhythmia ablation, defibrillator
implantation, cardiac valve repair, etc.); arrhythmias; hypertension;
structurd heart diseasewithout HF; and cerebrovascular events.

€ Other non-CV D, non-HF readmissionsincluded the group of res-
piratory diseases; renal insufficiency, dialysis, and rend transplan-
tation; and other diseases such as diabetes mellitus, infectious dis-
ease, diseases of gastrointestinal and genitourinary tract, alcohol
and drug abuse.

Abbreviations: HF =heart failure, MI = myocardia infarction, PTCA
= percutaneous trandumina coronary angioplasty, CABG = coro-
nary artery bypassgraft, LV =|eft ventricular, EF = gjection fraction,
CVD =cardiovascular diseese.
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hort. All patientswere followed until July 15, 1999. In addi-
tion, to account for possiblereadmission to other hospitalsand
death, a sample of 217 (44.0% of the total cohort) patients
were contacted by phonefor standardized interviews. Petients
who were and were not contacted did not differ in terms of
basdline characteristics, prevalence of ischemic etiology, LV
dysfunction, comorbidities, or history of prior hospitaliza-
tions. Therewasahigh and comparableincidence of readmis-
sionin both contacted and not contacted groups of patients.

Statigtical Analyss

Baseline patient characteristicswere expressed as mean +
standard deviation (SD) for continuous variablesand as pro-
portions for categorical variables. Subgroup comparisons
were made with nonpaired t-test for continuous variables or
with chi-squaretest for categorical variables. Stratified anay-
siswas performed to test for interactions between ischemic
etiology of HF and gender. Survival curveswere constructed
according to the method of K aplan and Meier.13 The effect of
rel evant covariates on cause-specific readmissionswaseva u-
ated by Cox proportional hazards regression models.* Two-
sided probability of < 0.05wasconsidered Satiticaly signif-
icant for al analyses. Datamanagement was performed with
Access 97 (Microsoft, Inc., Redmond, Wash., USA). Statis-
tical analyses were performed with Statistical Package for
Socid Sciences (SPSS) 8.0 software (SPSS, Inc., Chicago,
., USA).

TaBLE || Basdinesociodemographic characteristicsand prevalent
comorbiditiesat index hospitalization in patientswith ischemic and
nonischemic heart failure

Basdine Ischemic  Nonischemic p
variables (n=182) (n=311 Value
Age(years) 679+119 5991161 <0.001
Gender (femde) (%) 79(434) 178(57.2) 0.003
Race (black) (%) 118(64.8) 272(875) <0.001
Prior CHF (%) 124(68.1) 167(53.7) 0.002
Vavular heart disease (%) 19(10.4) 40(12.4) 0424
Hypertension (%) 123(67.6) 221(711) 0417
Diabetesmellitus (%) 85(46.7) 114(36.7) 0.028
Renal insufficiency (%) 67(36.8) 108(34.7) 0.640
Atrid fibrillation (%) 47(25.8) 49(15.8) 0.006
Pacemaker/AICD (%) 22(12.1) 13(4.2) 0.001
CVA (%) 40(22.0) 40(12.9) 0.008
COPD (%) 58(319) 108(34.7) 0.517
LV gectionfraction, % 34.0+164 432+194 <0.001
LV systolicdysfunction (%) 137(825) 180(62.3) <0.001
Norma function (%) 29(175)  109(37.7)
Mild dysfunction (%) 15(9.0) 37(12.8)
Moderatedysfunction (%) 49(29.5) 66 (22.5)
Severedysfunction (%) 73(44.0) 77(26.6)

Abbreviations: CHF = congestiveheart failure, AICD = automaticim-
plantable cardioverter-defibrillator, CVA = cerebrovascular accident,
COPD = chronicobstructive pulmonary disease, LV =|eft ventricular.

Resaults
Patient Char acterigticsat | ndex Hospitalization

The study population was predominantly (79.1%) black,
with amean age of 63 + 15 years, and included 257 (52.1%)
women. Ischemic etiology was documented in 182 (36.9%)
patients. The baseline sociodemographic characteristics and
prevaent comorbidities at index hospitaization in patients
with ischemic and nonischemic HF are presented in Tablell.
Previoushospital admission wasdocumentedin 334 (67.7%)
patients. Inthiscohort, 98 (19.9%) patients had been previous-
ly hospitalized for HF, 103 (20.9%) for CVD other than HF,
and 184 (37.3%) for other noncardiovascular causes. Afterin-
dex hospitalization, 437 (88.6%) patients were discharged
homefor sdf-care. Theremaining patientsweredischarged to
varioustypesof skilled nursing facilities.

Gender Differences

Giventhefocusof thisstudy ontheroleof ischemic etiolo-
gy of HF and the large gender differencein the proportion of
pati entswithischemic HF, wefirst compared womenand men
with respect to basdline characterigtics (Tablel11). Itisimpor-

TaBLE Il Basdinesociodemographic characteristicsand preva-
lent comorbidities at index hospitdization in women and men with
heart failure

Basdine Women Men p

variables (n=257) (n=236) Vaue
Age(years) 645+160 511+140 0.003
Race (black) (%) 214(83.3) 176(74.6) 0.018
Ischemic etiology (%) 79(30.6) 103(43.6) 0.003
CABG (%) 21(8.2) 43(18.2) 0.001
PTCA (%) 18(7.0) 17(7.2) 0.931
MI (%) 52(20.2) 68(28.8) 0.027
CAD (%) 93(36.2) 111(47.0) 0.015
Prior CHF (%) 149(58.0) 142(60.2) 0.621
Vavular heart disease (%) 33(12.8) 26(11.0) 0.533
Hypertension (%) 198(77.0) 146(61.9) <0.001
Diabetesmellitus (%) 109(424)  90(38.1) 0.334
Renal insufficiency (%) 86(33.5) 89(37.7) 0.325
Atrid fibrillation (%) 42(16.3) 54(22.9) 0.067
Pacemaker/AICD (%) 18(7.0) 17(7.2) 0.931
CVA (%) 40(15.6) 40(16.9) 0.677
COPD (%) 85(33.1) 81(34.3) 0.770

LV gectionfraction, % 447+19.2 344+169 <0.001

LV systalicdysfunction (%)  148(61.2) 169(79.3) <0.001
Normal function (%) 94(38.8) 44(20.7)
Mild dysfunction (%) 36(14.9) 16(7.5)
Moderatedysfunction (%)  54(22.3) 61(28.6)
Severedysfunction (%) 58(24.0) 92(43.2)

Abbreviations: CAD = coronary artery diseese. Other abbreviationsas
inTablesl andll.
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TaBLE IV Basdlinesociodemographic and clinica characteristicsof patientswith ischemic and nonischemic heart failure by gender

Women (n=257) Men (n=236)

Ischemic Nonischemic Ischemic Nonischemic
Basdinevariables (n=79) (n=178) pValue (n=103) (n=133) pVaue
Age(years) 69.2+ 135 624+ 16.7 0.002 66.8+10.4 56.7+14.8 <0.001
Race (black) (%) 60(75.9) 154(86.5) 0.036 58(56.3) 118(88.7) <0.001
Prior CHF (%) 51(64.6) 98(55.1) 0.155 73(70.9) 69(51.9) 0.003
Hypertension (%) 62(78.5) 136(76.4) 0.715 61(59.2) 85(63.9) 0.462
Diabetesmellitus (%) 43(54.4) 66(37.1) 0.009 42(40.8) 48(36.1) 0.462
Rend insufficiency (%) 31(39.2) 55(30.9) 0.191 36(35.0) 53(39.8) 0.441
LV gectionfraction, % 40.0+18.6 46.7+19.2 0.045 202+126 38.3+18.7 0.002
LV systolic dysfunction (%) 55(74.3) 93(55.4) 0.005 82(89.1) 87(71.9) 0.002
Normal function (%) 19(25.7) 75(44.6) 0.033 10(10.9) 34281 0.002
Mild dysfunction (%) 11(14.9) 25(14.9) 0.997 41(4.3) 12(9.9) 0.128
Moderate dysfunction (%) 21(28.4) 33(19.6) 0.134 28(30.4) 33(27.3) 0.615
Severedysfunction (%) 23(3L1 35(20.8) 0.086 50(54.3) 42(34.7) 0.004

Abbreviationsasin Tablell.

tant to note that women were older, had higher mean gjection
fraction (EF), higher prevalence of hypertension, lower prev-
alence of ischemic HF, and were less likely to have prior
CABG, while women had similar rates of PTCA compared
with men. When we compared patients with ischemic and
nonischemic HF in men and women separately, the differ-
encesresembled those described inthetota cohort, with ol der
ageand worse LV systalic function in patientswith ischemic
HF (Table V). Therewas no interaction between gender and
ischemic etiology with respect to age, race, history of comor-
bidities, or other clinical characteristicsat baseline.

All-CauseReadmission: Ratesand TimeCour se

During the follow-up period of 16.5 + 12.3 months (range
0-42.8 months, median 17.4 months), 341 (69.2% or 0.50 per
person-years) hospita readmissionsand 89 (18.1% or 0.13 per
person-years) deaths occurred during the 679 person-years of
follow-up. Among 341 identified readmissions, 317 (92.7%)
occurred at JHH. Meantimefrom dischargeat index hospital-
ization to first any-cause readmission was 195 + 241 days. Of
importanceisthefact that themediantimetofirst readmission
wasonly 91 days. Therefore, 171 (50.1% of thetotal hospital
readmissions and 34.7% of thetota cohort) hospital readmis-
sionsoccurred within thefirst 3 months after theindex hospi-
talization. Figure Lillustratesthetimefromindex hospitaliza-
tiontofirst hospital readmissionin patientswith HE. Within 1
year after index hospitaization, 279 (81.8% of dl readmis
sonsand 56.6% of thetotal cohort) patientswerereadmitted.

Remarkably, 90 (26.4% of all readmissionsand 18.3% of
total cohort) readmissions occurred within thefirst month af-
ter discharge at index hospitalization. These 31-day readmis-
sionscomprised 32.3% of annual readmissionsinthiscohort.
Among the patients readmitted within thefirst postdischarge
month, therewere 40 (30.3%) ischemic and 50 (23.9%) non-

ischemic patients with HF (p = 0.193); 67 (29.4%) patients
with LV dysfunction versus 20 (20.6%) patientswith normal
LV function (p = 0.102); 48 (53.3%) patients were women
and 70 (77.8%) patientswereblack.

All-causecumul ativereadmission ratesdid not differ by LV
function, ischemic etiology, or gender. However, al-cause
readmission ratesfor patientswithischemic HF were signifi-
cantly higher in women: 65 (82.3%) versus 118 (66.3%) (p=
0.009), but not in men: 67 (65.0%) versus 91 (68.4%) (p =
0.585). Therewasno gender differenceintimetoreadmission.
However, mean timeto readmission wassignificantly shorter
in patients with ischemic than nonischemic HF: 158 + 204
versus218+ 260 days(p=0.023). Thisdifferencewas statisti-
caly significant inwomen, but notin men.
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Z. V. Babayan et al.: Readmission in patients with heart failure 415

TaBLE V  Cause-specific readmissionin patientswith ischemic and nonischemic heart failurein thetotal cohort, and in women and menwith

heart failure
Specific causesof Oddsratio
hospital readmission Ischemic Nonischemic (95%Cl) pVaue
Tota cohort
No readmission (%) 59(28.6) 102 (34.7) 1.00 0.002
CHF (%) 40(22.9) 56(19.0) 1.46(0.86-2.47)
CVD (%) 47 (26.9) 42(14.3) 2.28(1.34-3.90)
Other non-CVD (%) 38(21.7) 94(32.0) 0.82(0.50-1.37)
Women
No readmission (%) 14(19.2) 60(35.7) 1.00 0.002
CHF (%) 17(23.3) 34(20.2) 2.14(0.94-4.88)
CVD (%) 21(28.8) 18(10.7) 5.00(2.12-11.78)
Other non-CVD (%) 21(28.8) 56(33.3) 1.61(0.75-3.46)
Men
No readmission (%) 36(35.3) 42(33.3) 1.00 0.016
CHF (%) 23(22.5) 22(17.5) 1.22(0.59-2.54)
CVD (%) 26(25.5) 24(19.0) 1.26(0.62-2.57)
Other non-CVD (%) 17(16.7) 38(30.2) 0.52(0.25-1.08)

Abbreviation: Cl = confidenceinterval. Other abbreviationsasin Tables| and 1.

Cause-SpecificHospital Readmissions

In the subgroup of 317 patients readmitted to JHH within
thefollow-up period, 96 (30.3%) readmissionswerefor recur-
rent HF (Table V). Therewereno differencesfor readmission
for recurrent HF by gender or etiology. It isimportant to note
that LV systalic dysfunction (Fig. 2) was significantly associ-
ated with readmissionfor recurrent HF (log-rank p = 0.0027).

Another 89 (28.1%) readmissionswerefor CVD other than
HF. Patients with ischemic HF were readmitted more fre-
quently for CV D than were patientswith nonischemic HF (47
[26.9%] vs. 42[14.3%]). Despite thefact that women tended
to have lower rates of total CVD readmission than men: 39
(16.2%) versus 50 (21.9%), women with ischemic HF had
higher rates of readmission for CVD (log rank p<0.001); in
men therewas no significant difference by etiology (log rank
p=0.2161) (Fig. 3).
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In thetotal cohort, ischemic etiology of HF was asignifi-
cant predictor of all-causereadmission (1.40[1.11-1.76]) and
remained so even after contralling for age, gender, and LV
dysfunction: (1.46[1.13-1.87]). Most of thiseffect was medi-
ated through history of M1 or PTCA, but not CABG. L eft ven-
tricular systalic dysfunction was significantly associated with
all-causereadmission (1.47[1.14-1.88]), irrespective of gen-
der. |schemic etiology had no significant independent effect on
readmissionsfor recurrent HE. The most significant predictor
of reedmission for recurrent HF was LV systolic dysfunction
(2.44[1.46-4.08]). Readmission for CV D other than HF was
associated with ischemic etiology (2.48[1.66-3.83]) and LV
dysfunction (1.87[1.13-3.10Q]). After controlling for ischemic
etiology, LV systalic dysfunction wasno longer predictive of
hospital readmissionfor CVD inthetotd cohort.

Table VI summarizes the age-adjusted bivariate associa
tionsbetween LV dysfunction, ischemic etiology, anditscom-
ponents on cause-specific readmissions, stratified by gender.
In women, ischemic etiology was the strongest predictor of
reedmissionfor CVD, and only history of PTCA had addition-
al predictivevaluefor recurrent HF. In men, therewasno sig-
nificant predictor of reedmission for recurrent HF or CVD.

Discussion
Readmission Causes, Rates, and TimeCour se

Theresultsof thisstudy demonstrate that hospital readmis-
sion occurs frequently and early after discharge in patients
with HFE. Most readmissions occur within 1 year after dis-
charge, with half occurring within thefirst 3 months after the
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index hospitalization. Theseresultsarein agreement with pre-
vious reports demonstrating that patientswith HF average at
least one hospital admission per year, ranging from 0.95 to
2.10 per patient per year.8 1520 | ntheanalysisof cause-specif-
ic readmission, our ratesof readmission for recurrent HF and
CVD were comparable with those of other populations with
prior reported rates of 7-57%.16.17.19,20

Predictor sof Cause-Specific Readmissions

Patientswithischemic HF have higher rates of readmission
and shorter time to readmission than patients with nonis-
chemic HF. Furthermore, women withischemic HF havethe
highest risk for readmission compared with men and dl other
etiology groups. Inwomen, most of the effect of ischemic eti-
ology ismediated through hospital readmissionfor CVD oth-
er than HF. Interaction termsfor femal e gender and ischemic
etiology of HF for dl-causeand CVD other than HF readmis-

TaBLE VI
gresson modd shazardsratios (95% Cl)

sion were highly significant. Therefore, these results are not
only in agreement with studiesthat identify ischemic HF asa
predictor for hospital readmissions,® 7 but also provide an ex-
planation for the association between hospital readmission
and ischemic etiology in women. Similar to previous stud-
ies, 16,18, 20 history of coronary heart disease, myocardid in-
farction (MI), or anginawere associ ated with subsequent read-
missioninour study.

Whileischemic etiology predicted dl-causeand CVD read-
mission, wefound noindependent gender differencesinread-
mission, contrary to previous studies! 2L that reported women
to bemorefrequent users of medical services. Inprior studies
investigating predictors of readmission, both maleand female
genders have been associated with increased risk of readmis-
sion;19.20.22n other reports gender was not significant .18:23

Theintriguing finding of the predictiveroleof ischemic eti-
ology of HF in women is possibly due to under-recognition,
undertrestment, or treatment failure of ischemic heart disease

Age-adjugted bivariate predictors of cause-specific hogpital reedmissionin women and menwith heart failure. Cox proportional re-

All-causereadmission Readmissionfor HF Readmissionfor CVD
Variables Women Men Women Men Women Men
Ischemic HF 183(1.31-255) 1.15(0.82-1.62) 153(0.84-281) 143(0.77-2.68) 4.18(214-8.19) 1.49(0.83-2.67)
Prior history of HF 165(1.19-230) 124(0.89-1.73) 221(1.18-4.15 167(0.88-3.16) 1.11(058-2.13) 1.27(0.71-2.29)
LV function 161(1.16-224) 1.30(0.88-1.94) 3.03(1.55-594) 1.85(0.824.15) 1.53(0.77-3.02) 2.14(0.96-4.79)
Norma function 1.00 1.00 1.00 1.00 1.00 1.00
Mild dysfunction 192(1.23-2.08) 1.33(0.61-290) 302(1.28-7.15 211(054-398) 1.50(0.57-3.96) 2.37(0.61-9.24)
Moderatedysfunction 1.36(0.88-2.08) 1.27(0.80-2.02) 2.34(1.03-533) 158(0.63-398) 1.15(0.46-2.88) 2.06(0.84-5.05)
Severedysfunction 167(1.11-253) 1.32(0.86-2.04) 380(1.79-8.10) 2.01(0.86-4.72) 1.98(0.884.46) 2.17(0.92-5.10)
hoMI 138(0.94-2.02) 1.28(0.89-1.83) 1.34(0.68-2.64) 1.75(0.94-326) 262(1.32-5.22) 141(0.77-2.58)
hoCABG 163(0.92-2.88) 0.94(0.62-1.43) 1.14(0.35-3.67) 1.14(0562.34) 210(0.74-5.96) 1.06(0.54-2.09)
hoPTCA 136(1.33-421) 0.80(0.43-1.48) 371(1.54-894) 051(0.12-2.10) 5.07(206-125) 1.37(0.58-3.22)

Abbreviation: h/o=history of . Other abbreviationsasin Tablel.
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in women, thusleading to ahigher risk of complicationsand
need for readmisson. In patientswith ischemic HF, history of
PTCA but not CABG had the strongest independent effect on
subsequent al-cause, recurrent HF and CVD readmissionin
women, but not in men. Thus, traditional cardiovascular inter-
ventions in women with ischemic etiology may not prevent
subsequent readmission aswell asthey doinmen. 242

Theprimary determinant of recurrent HF readmissionwas
LV function, but not ischemic etiology. In our analysis, re-
gional dysfunction was not associated with HF readmission,
whileglobal LV dysfunctionwasastrong predictor. L eft ven-
tricular dysfunction has been shown to be associated with
higher costsand morefrequent all-causereadmissionin other
studies.® 26 The association of LV dysfunction with readmis-
sonfor CVD other than HF isprobably theresult of ischemic
heart diseaseitsalf.

Methodological Consderations

The reliance on medica records could have led to incom-
plete information on baseline characteristics and outcomes.
However, the advantage of using medica recordsin obtaining
therelevant clinical and imaging data, and for verification of
events, should be underscored.2 22 Our definition of ischemic
etiology of HF iscons stent with that used in most prior stud-
ies> 7 and therefore allows generalizability of the resultsand
comparisonsacrossother published sources.

Asexpected, patientswithischemic HF were older and had
more comorbidity associated with CAD than those with non-
ischemic HF. However, controlling for age, comorbidities, and
prior history of HF did not substantially change the indepen-
dent predictiverole of ischemic etiology or other variablesin
edtimating readmissionrisk. It isimportant to notethat agewas
not a significant predictor of readmission in this and severd
other studies.16.18.19,30 Finglly, we also investigated differen-
tia mortality asapotential mechanismfor therelationship be-
tweenischemic etiology and hospital readmission. Thedeaths
that occurred in our study population were not related to is-
chemic etiology, race, or gender, indicating that thisisnot the
main explanatory factor.

Conclusonsand Clinical Implications

This study contributesto our current understanding of the
role played by etiology and LV function as risk factors for
cause-specific hospital readmission in men and women with
HF. In this metropolitan, predominantly black population of
petientswith HF, hospital readmissionisfrequent and tendsto
occur early after discharge. Only one-third of hospital read-
missionsin patientswith HF occursfor recurrent cardiac de-
compensation; another one-third of readmissions occurs for
CVD other than HF; and theremaining one-third of readmis-
sionsisfor other noncardiovascular causes.

Ischemic etiology of HF isasignificant predictor of hospi-
tal readmission, especialy in women. Moreover, most of the
effect of ischemic HF on all-cause readmissionsis mediated
through afour-fold risk of readmission for CVD other than

HF. Inthisregard, to the best of our knowledge, thisisthefirst
study that documentstheinteraction betweenischemicetiolo-
gy of HF and female gender in rel ation to cause-specific hos-
pital reedmission. Theseverity of LV dysfunctionwastheonly
important predictor of readmission for recurrent HF in this
population, regardless of gender.

Finally, patientswith HF canbeaccurately risk stretified for
cause-specific hospital readmission with relatively smple
model s utilizing routinely obtained clinical information. The
resultsof thisobservational study haveimportantimplications
for disease management, estimation and planning of health-
careresource utilization, and the conduction of specificinter-
ventions to reduce hospital readmission in patients with HF.
Further observationa studiesand randomized trialsinvolving
more women are needed to investigate the observed interac-
tion between ischemic etiology and gender, and to examine
whether hospital readmissioninthishigh-risk group canbeal-
tered by specificinterventions.
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Images in Cardiology: VintageVineberg!
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Fic.1 Coronary angiogramsof selective LIMA injectionsin theright anterior oblique (Ift) and in the lft anterior oblique (right) projections
demongtratethefilling of the LAD viaattachment of theLIMA tothethird diagona artery.

A 74-year-old man presented with worsening angina. He
underwent bilateral internal mammary implantation (IMA)
to the myocardium in 1966 by Dr. Arthur Vineberg. Recent
angiograms showed severe coronary disease. The left IMA
(LIMA) implant was patent and connected to thethird diago-
nal artery with TIMI 3flow to the entirel eft anterior descend-
ing artery. Anterior wall motionwasnormal.

The Vineberg procedure was a true precursor to bypass
surgery. It was thought to work by forming new collateral

channels in the myocardium.! In our patient, the LIMA
implant of over 35 years was till supplying most of the
myocardium.
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