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Dependent Renal Insufficiency: A Vaidation with Coronary Angiography
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Summary

Background: Petientswith elevated troponinareat highrisk
of adverse outcomes, future cardiac events, and aremorelike-
ly to have hemodynamically significant coronary artery sten-
oses. Elevated troponin T (cTnT) in patients with poor renal
function portendsapoor prognosis; however, findings of Sig-
nificant coronary artery disease (CAD) by coronary angiogra-
phy have not been demonstrated in patients with poor rena
functionand elevated cTnT.

Hypothesis: The purpose of this study wasto correlae the
angiographicfindings of patientswith deveted cTnT withre-
spect to rend function in patientswith nondialysis-dependent
rend insufficiency.

Methods: Weretrogpectively identified 342 patientswith €-
evated cTnT who underwent coronary angiography in the set-
ting of acute coronary syndrome. Patients were divided into
poor (<40 mi/min) and normal (>40 ml/min) rena function
by measuring their glomerular filtration rate. Our primary out-
comewas CAD stenosis, defined asepicardid stenosis= 70%.
Secondary outcomeswereratesof contrast nephropathy, initi-
ation of hemodiaysis, revascularization, length of stay (LOS),
andin-hospital mortality.

Results: There was no significant difference in the preva-
lence of CAD between patients who had positive cTnT with
poor renal function versus patients with positive cTnT and
normal rena function (87.1vs. 89.7%, p=0.54). Thisfinding
persisted after Stratifying by age. Patientswithimpaired rena
function had ahigher mortality, longer LOS, and ahigher rate
contrast nephropathy requiring hemodialyss.

Conclusion: The association between elevated cTnT and
significant CAD stenosisdoesnot vary withrend function.
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Introduction

Troponins have emerged asavaluable marker for diagnos-
ing and risk stratifying patientswith acute coronary syndrome
(ACS).1*Troponinshave a so been shown to be better predic-
torsof mortality and cardiac eventsthan the previous standard
of reference, crestinekinase (CK)-MB.5 6 Elevated troponin T
(cTnT) has been associated with significant coronary artery
disease (CAD) onangiography.3 72

The diagnostic and prognogtic utility of troponinsis fre-
quently questioned in patients with renal insufficiency (RI).
In the absence of myocardid ischemic symptoms, the leva
tionof cTnT levelsin patientswith chronic kidney diseasehas
been considered a false-positive.l0 Multiple studies have
found elevationsof cTnT in asymptomatic patientswith rena
failure.1112 Other studies havefound no association between
cardiac eventsand elevated cTnT in patientswith poor rena
function,13 14

Roppolo et al. concluded that in patientswith no suspicion
of myocardial ischemiaon hemodialysis, elevated cTnT was
animportant prognosticator of adverse cardiac outcomesand
suggested a strong association between elevated cTnT and
risk of death.15 16 Another study evaluated 100 asymptomat-
ic patientson hemodiaysisand found that cTnT and conges-
tive heart failure (CHF) were the only significant predictors
of death.1”

Thereappear to beample dataregarding the significance of
troponinsin patientson chronic dialysis. However, the number
of patientswith nondialysis-dependent rend failureisconsid-
erably larger and lesswdll studied, eventhough RI isassociat-
edwith anincreased risk of cardiovascular mortaity.18

To consider the diagnostic utility of cTnT in patients with
nondiaysis-dependent RI, weexamined the presenceof CAD
in 342 consecutive cTnT-positive patientswith and without RI
who underwent coronary angiography (CA).

Methods

Study Settingand I ntervention

We retrogpectively identified cTnT-positive (>0.1 ng/ml)
patientswho underwent CA within2weeks. Theleve of cTnT
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(140 — age) X ideal body weight
72 X serum Cr

Estimated GFR =

(multiply by 0.85 for females)

Fic.1 Cockeroft-Gault equation. GFR = glomerular filtrationrate,
Cr=creatinine.

was measured by second generation commerciad enzyme-
linked immunosorbent assay (ELISA) on an Elecsys 2010
Immunoassay Analyzer (Enzymun Troponin T, Boehringer
Mannheim, Indianapoalis, Ind., USA). Thelower limit of detec-
tion of thisassay is0.01 ng/ml. Theleve of glomerular filtra-
tion rate (GFR) was cal culated for each patient based on the
Cockroft-Gault formula for estimated creatinine clearance
(Fig. 1). Information regarding CA, demographics, illness
severity, and mortdity were obtained from the Duke Cardio-
vascular Disease Database, Patientson hemodialysisand those
who underwent CA for reasons other than eval uation of CAD
wereexcluded fromthisstudy.

OutcomeMeasures

Theprimary outcomewasto determinethe degree of CAD
stenosis (= 70% lesions), as interpreted by the cardiologist
who performed the catheterization with respect to rend func-
tion. Secondary outcomesincluded g ectionfraction (EF), in-
cidence of contrast nephropathy (defined as an increase in
serum creatinine > 1.0 mg/dl within 72 h of catheterization),
hemodialysis within 1 week of catheterization, revascular-
ization procedure (percutaneous coronary intervention [PCI]
or coronary artery bypass surgery [CABG]), length of stay
(LOS), and in-hospital mortality.

Statigtical Analyss

Petientswere grouped ashaving low (<40 ml/min) or nor-
mal (>40ml/min) GFR. The GFR vaueof 40 ml/minwasse-
lected to include patients with moderate to severe RI.1° De-
scriptive statistics for categorical variables were reported as
the number and percent in each group with the characteristic.
Age, weight, and EF were described in terms of means and
standard deviations. Medians with 25th and 75th percentiles
werereportedin describing LOSand cTnT level. To compare
low with normal GFR levelsinthepatients, Fisher’sexact tests
wereused for categorica outcomevariables. Age, weight, and
EF were compared using two sample t-tests. Wilcoxon rank
sumstest wasused to comparethe groupswith respecttocTnT
level. Relationshipswere cond dered significant when thetwo-
sded p valuewas < 0.05. Kaplan Meer analysiswasused to
compare hospital L OS between the two groups. Patientswho
died before being discharged were censored at the time of
death. A log-rank p valueof <0.05wascons dered significant.
To control for the possible confounding effect of age, each
analysis was repeeted after stratifying by age. Patients were
grouped into those< 70 yearsand those> 70 yearsof age.

Resaults

Demographic and patient characteristics are shown in
Tablel. Basdine characteristicsdiffered significantly between
the normal and RI groups. Patientsinthe Rl group were older
(72.4 vs. 59 years), weighed less (72.4 kg vs. 84.2 kg), and
werelesslikely tobemale(37.1vs. 73.9%). They had ahigh-
er prevalence of diabetes (42.9 vs. 27.9%) and hypertension
(80.0vs. 51.8%), but werelesslikely to have ahistory of to-
bacco use (44.3 vs. 68.4%). Therewere no significant differ-
encesin the use of stresstests between the two groups (5.75
VvS. 6.6%), hyperlipidemia(22.9 vs. 17.3%), or thelikelihood
of having afamily history of CAD (37.1vs. 44.1%). Theme-
diancTnT level wassignificantly lower inthelow GFR group
(0.35vs. 1.15).

TaBLE | Basdinecharacteristicsand results
Glomerular filtration rate
<40 >40
(n=70) (n=272) pVaue

Age 72.4(9.9)° 596(121) <0.001
Mde 26(37.1)¢ 201(73.9) <0.001
Weight 72.4(16.6) 84.2(20.3)  <0.001
Diabetes 30(42.9) 76(27.9) 0.02
Hypertension 56 (80.0) 141(51.8)  <0.001
Tobaccouse 31(44.3) 186 (68.4) <0.001
Hyperlipidemia 16(22.9) 47(17.3) 0.30
Family history of

coronary disease 26(37.1) 120(44.1) 034
Exercisediresstesting 4(5.7) 18(6.6) 1.00
Troponin T 04(02-1.1)2 12(04-3) <0.001
Coronary artery disease

1lormorevesses 61(87.1) 244(89.7) 0.52

3vesHs 31(44.3 88(32.4) 0.07
Ejectionfraction 48.3(15.3) 47.2(14.5) 0.62
Contrast nephropathy 12(17.2) 7(2.6) <0.001
Hemodiaysis 4(5.7) 0(0.0) <0.001
Revascularization 34(48.6) 189(69.5) <0.001
PCI 18(25.7) 131(48.2) <0.001
CABG 16(22.9) 58(21.3) 0.38
Desth at discharge 9(12.9) 12(4.9) 0.02
Hospitd length of stay 9(5-14) 5 (4-9) <0.001

aDescriptive statisticsfor troponin T and length of stay are reported
as the median and 25th to 75th% (in parentheses). P value for tro-
poninT isfrom Wilcoxon rank sumstest. Pvaluefor length of stay is
fromKaplanMeier log rank statistic.

b Descriptive statistics for age, weight, and gection fraction are re-
ported asmeansand standard deviations (in parentheses). Pvaduesare
fromtwo samplet-tests.

¢ Descriptive statistics for categorical variables are reported as the
number and percent with the characterigtic (in parentheses). Pvaues
arefrom Fisher'sexact tests.

Abbreviations: CABG = coronary artery bypassgraft surgery, PCl =
percutaneous coronary intervention, n=number of patients.
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Despite substantid differencesin underlying risk factors,
the proportion of patients with significant CAD (stenosis =
70%) was not significantly different between the two groups
(87.1 vs. 89.7%). There was a trend toward a higher preva-
lenceof triple-vessdl diseasein patientswith rena insufficien-
cy (44.3 vs. 32.4%). Ejection fraction did not differ between
thegroups (48.3vs. 47.2%). Patientswith low GFR weremore
likely to experience contrast nephropathy (17.1vs. 2.6%), re-
quire subsequent hemodiaysis (5.7 vs. 0.0%), and were less
likely toundergo PCI (48.6 vs. 69.5%). Thegroupwith Rl had
ahigher mortality (12.9vs. 4.4%) and LOS (9daysvs. 5days).

After gtratifying by age, there remained no significant dif-
ference in the identification of significant CAD between the
patients with low versus norma rend function (Table ). In
theyounger age group with RI, the statigtically significant in-
creasein contrast nephropathy (28.0 vs. 2.4%), hemodialysis
(8.0vs. 0.0%), mortdity (20vs. 3.8%), and LOS(11.5daysvs.
5days) persisted.

Discussion
To our knowledge, thisisthefirst study to examinethein-

teraction of Rl with cTnT and CAD defined by CA. Theover-
al rate of significant CAD in our population was 89.1%,

TaBLE |l  Characteristicsand resultsdtratified by age

whichissimilar tothat seenin previous studiesof cTnT-posi-
tive patients. Our study found that among patientswith el evat-
ed cTnT, the prevaence of CAD did not vary with declining
rend function (87.1vs. 89.7%). Theseresultsstand in contrast
to previous studies suggesting that the diagnostic and prognos-
ticvalueof cTnT isdiminishedin patientswith RI. The medi-
antroponin level of patients with RI was significantly lower
than that of the patientswith normd renal function. Thus, they
had an equival ent severity of disease despite alower absolute
CTnT. Patientswith decreased rena functionweremorelikely
to experience complications (i.e., contrast nephropathy) from
catheterization. At the same time, patients with decreased
GFRwerelesslikely to undergo PCI.

Early studiesidentified patientswith renal failurewho had
elevated cTnT with no evidence of CAD. Thismay have been
duetothefirst generation cTnT assay’s 1-2% crossreactivity
with skeletal muscle- 14 Muller-Bardorff et al. developed a
second-generation cTnT assay that involvesthe addition of a
second cardiac-specific antibody to the old biotinylated anti-
body. The new assay has been shown to have higher sensitivi-
ty and specificity for ACS. 2

Despitetheincreased cardiac specificity, cTnT can till be
elevated in asymptomatic patientswith RI.12 13 Different the-
oriesmay explain this phenomenon: (1) crossreactivity with
skeletal muscle, (2) coronary legk (i.e., clinicaly silent my-

Age<70 Age>70

<40(n=25) >40(n=212) pValue <40(n=45) >40(n=60) pVeue
Males 11(44.0)b 160(75.5) <0.001 15(33.3) 41(68.3) <0.001
Weight 78(18.8) ¢ 86.4(20.8) 0.06 69.3(14.6) 76.7(16.3) 0.02
Diabetes 12(48.0) 60(28.3) 0.06 18(40.0) 16(26.7) 0.21
Hypertension 19(76.0) 112(52.8) 0.03 37(822) 29(48.3) <0.001
Tobaccouse 11(44.0) 151(71.2) 001 20(44.4) 35(58.3) 017
Hyperlipidemia 7(28.0) 38(17.9) 0.28 9(20.0) 9(15.0) 0.60
Family history 8(32.0) 96(45.3) 029 18(40.0) 24.(40.0) 1.00
Exercisestresstesting 2(8.0) 13(6.2) 0.66 2(4.4) 5(8.3) 0.70
Coronary artery disease
1lormorevesds 21(84.0) 189(89.2) 050 40(88.9) 55(91.7) 0.74
3vesds 7(28.0) 59(27.8) 1.00 24(53.3) 29(48.3) 0.70
Ejectionfraction 47 (34-56) 49(37-58) 0.53 49(38-60) 47(35-57) 0.28
Troponin T 04(0.2-1.1)2 12(0.5-29) 0.01 0.3(0.2-0.8) 1.0(0.2-3.2) 0.04
Contrast nephropathy 7(28.0) 5(2.4) <0001 5(11.1) 2(33) 0.14
Hemodialysis 2(8.0) 0(0.0) 0.01 2(4.4) 0(0.0) 0.18
Revascularization 12(48.0) 150(70.8) 0.04 22(48.9) 39(65.0) 0.11
In-hospital desth 5(20) 8(3.9) 001 4(89) 4(6.7) 0.72
Hospital length of stay 13(7-16) 5(4-8) <0001 8(5-13) 9(5-12) 0.69

aDescriptive satigticsfor troponin T and length of stay arereported asthe median and 25th to 75th% (in parentheses). Pvaluefor troponin T is
from Wilcoxon rank sumstest. Pvauefor length of stay isfrom Kaplan Meier log rank setidtic.
b Descriptive statistics for categorical variablesare reported asthe number and percent with the characteristic (in parentheses). Pvauesarefrom

Fisher'sexact tests.

¢ Descriptive statisticsfor age, weight, and ejection fraction arereported asmeansand standard deviations (in parentheses). Pvauesarefromtwo

samplet-tests.
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ocardid ischemia, and (3) re-expression of cTnT in keletal
musclein patientswithrend failure.1314.18 |nthelargest study
todate, Van Lenteet al. performed aprospective case-matched
study with 153 patients and found that positive troponin did
not predict adverse outcomesin patientswith elevated cresti-
nineaswell asit didinthosewith normal creatinine. However,
they noted that patients with elevated creatinine and positive
troponin had agreater chance of developing CHF and atrend
toward higher mortaity.13 Avileset al. evduated the GUSTO
IV patientsand found that patientswith Rl and positivecTnT
had similar short-term prognosis.2t

Patients suspected of having ACSwho haveeevated cTnT
aremorelikely to have significant CAD than those with nor-
mal cTnT. Previous studies have reported rates of significant
CAD ranging from 87-95% in patients with elevated cTnT,
and this association appearsto hold across abroad spectrum
of disease. DeFillipi et al. followed 414 patientswith noisch-
emic dectrocardiographic (ECG) changes who were admit-
ted to achest pain unit (CPU). Of the 37 patientswith elevat-
ed cTnT, 30 underwent CA and 90% were found to have
significant CAD versus 23% of the 144 patientswith normal
cTnT.3 They found that cTnT-positive patients were more
likely to have multivessel CAD. Newby et al. identified 88
low-risk patientsadmitted to aCPU who subsequently under-
went CA .8 Patients with levated cTnT had an 89% preva-
lence of significant stenoses compared with 49% in patients
whowerecTnT negative.

Limitations

Our study hasthefollowing limitations. Firt, itisaretro-
spective analysis utilizing information prospectively entered
into alarge database. Second, the rdatively small number of
patients precludes a multivarigble analyss, such an andysis
would determine whether the differencesin outcomeswould
be attributableto the significant differencesin baselinecharac-
teristics between our two groups. Finally, our population in-
cluded only those patientswith positivecTnT who underwent
CA.. We have no information on those patientswho had posi-
tivetroponinandwho did not undergo CA. Thisisamgjor lim-
itation of the study due to sdlection bias. Patients who may
have had severerend insufficiency diagnosed by the primary
physician may not have been sent for CA. However, the fact
that there was no differencein the utilization of stresstesting
between the two groups suggests that the precatheterization
suspicion may have been similar. Thus, precatherization kid-
ney disease may not have been alimiting factor inreferral.

Conclusion

The strong association between elevated cTnT and CAD
doesnot change with renal function. Therefore, patientswith
nondialysis-dependent renal insufficiency and elevated levels
of cTnT should be considered to have asimilar risk of signifi-
cant CAD asdo patientswith normal renal function.
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