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Subendocardial Fibrosisin Remote Myocardium Results from
Reduction of Coronary Driving Pressure During Acute
| nfarction in Rats

Clovis de Carvalho Frimm, Marcia Kiyomi Koike, Mariana Curi

Sao Paulo, SP - Brazil

Objective - To investigate the rol e of hemodynamic
changesoccurring during acute MI in subsequent fibrosis
deposition within non-Ml.

Methods - By using therat model of MI, 3 groupsof 7
ratseach[ sham, SMII (M1 <30%), and LMI (M1 >30%)] were
compared. Systemic and left ventricular (LV) hemodynamics
wererecorded 10 minutes before and after coronary artery
ligature. Collagen volumefraction (CVF) wascalculated in
picrosiriusred-stained heart tissue sections 4 weeks| ater.

Results- Before surgery, all hemodynamic variables
werecomparableamong groups. After surgery, LV end-dias-
tolic pressureincreased and coronary driving pressure
decreased significantly inthe LMI compared with the sham
group. LV dP/dt _and dP/dt ;. of both the SMI and LMI
groups wer e statistically different from those of the sham
group. CVF within non-MI interventricular septumandright
ventricledid not differ between each MI group and the sham
group. Otherwise, subendocardial (SE) CVF wasstatistically
greater intheLMI group. SE CVF correlated negativelywith
post-MI systemic blood pressure and coronary driving
pressure, and positively with post-MI LV dP/dt . . Stepwise
regression analysisidentified post-MI coronary driving
pressure asan independent predictor of SE CVF.

Conclusion-LVremoddinginratswithMl ischarac-
terized by predominant SE collagen deposition in non-Ml
andresultsfromareductionin myocardial perfusionpres-
sureoccurring early onin the setting of MlI.
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Cardiac remodeling following myocardial infarction
(MI) ischaracterized by scar formationwithwall thinning at
thesiteof myocytefiber lossand progressiveleft ventricu-
lar (LV) dilatation with collagen deposition within non-
infarcted myocardium (non- MI) 1.

Ventricular dilatationisaprimary consequenceof Ml lo-
cationand size?, but other factorsinfluencefibrosisaccumu-
lation, such asthe cardiac renin-angiotensin system, endo-
thelins, catecholamines, and inflammatory mediators 34,
However, theroleof hemodynamic changesoccurring during
ongoinginfarctionhavenot beeninvestigated®. Itisstill dso
unclear where fibrosis deposition actually takes place,
because subendocardial (SE) regionsof non-MI haverarely
been contemplated in post-M| morphometric studies®”.

Theamof thisstudy wastoinvestigate, usingtheexpe-
rimental M| model in the rat, the role of hemodynamic
changestaking place acutely after left coronary artery
ligaturein subsequent fibrosisaccumulationwithinnon-Ml1.

Methods

Twenty-one male Wistar ratsweighing 275+5g were
usedfor theexperiments. All procedureswerecarriedoutin
accordancewiththenormsof the Brazilian Collegeof Ani-
mal Experimentsand conformedtothe” Guidefor theCare
and Useof Laboratory Animals.” Our Institutional Ethical
Committeeapprovedthe protocol.

Animalswere anesthetized with Ketamine chloride,
50mg.kgi.p. and Pentobarbital sodium, 25mg.kgti.p.and
put under mechanical ventilation with arodent ventilator
(Model 683, Harvard Apparatusinc., MA USA). Systemic
and LV blood pressures were obtained from femoral and
carotid arteries, respectively. Thecatheterswere connected
to pressure transducers and coupled to a calibrated pre-
amplifier (General Purpose Amplifier 4- model 2, Stemtech
Inc. WI, USA). The pressure tracings were recorded by
using acomputerized system processor (AT/Codas, Dataq
Instrumentsinc., OH, USA).

Arq Bras Cardiol, volume 80 (n° 5), 515-20, 2003

515



Frimm et al

Subendocardial fibrosis and coronary driving pressure during acute infarction

After hemodynamic stabilization, pressure tracings
wererecordedfor 10 minutesbefore opening the chest wall
and continued throughout the entire surgical procedure.
Thethoracic cagewasclosed and residual air drained from
thepleural space. When new steady hemodynamic signals
wereobserved, an additional 10-minute period of hemody-
namicrecordingwasperformed. Theaverageof beat to beat
hemodynamic measuresrecorded during the2 aforementio-
ned 10-minute periodswasanalyzed.

Heart rate (beats.min?), LV systolic pressure (LV SR,
mmHg), LV end-diastolicpressure(LVEDP, mmHg), LV dP/
dt .. LV dP/dt  (mmHg.s') and systemic systolic blood
pressure (SBP, mmHg), and diastolic blood pressure (DBP,
mmHg) were recorded. To obtain an estimate of coronary
blood flow, coronary-driving pressure(CDP) wascal culated
asthedifferencebetween DBPand LVEDPS.

M1 wasproduced by ligature of theleft coronary arte-
ry, by usingamaodification of apreviously described techni-
que®. Sham-operated ratswereoperated onsimilarly except
for not tying theligature around the coronary artery.

During recovery, after observation of spontaneous
respiration, mechanical ventilationwasconcluded and arte-
rial catheterswerewithdrawn. Theanimalswerereturnedto
theirindividual cages.

Four weeksafter theexperiment, animal swereanesthe-
tized with Pentobarbital sodium, 30 mg.kg?i.p. Theheart,
lungs, andliver wereremoved, cleaned, and weighed. Atria
andlargevessel swereremoved beforeweighing the heart.
MI wasdemonstrated by grossly visiblescarring of theLV
freewall.

A coronal dlice of the heart including both ventricles
was obtained at the equatorial planewherethelargest sur-
faceof infarction wasdetected. Tissuefixationwasperfor-
med in 10 percent buffered formalin.

Six-micronparaffinembedded sectionswerecut and stai-
ned with SiriusRed 3BA in saturated picric acid solution °,
By using animage analysissystem (LeicaQ500iW, Leica
Imaging Systemsltd., Cambridge, UK), these sectionswere
analyzed morphometrically. Fibrillar collagenwasidentified
in the picrosirius-stained sections by itsred colored
appearance.

A videocameraequipped withamacro lenspermitting
thevisualization of theentire coronal section of each heart
was used to identify M1 and non-MI regions and to obtain
infarct size. Theratiosbetween endocardial infarct surface
length and endocardial total LV circumferenceandtheratios
between epicardial infarct surface length and epicardial
total LV circumference were calculated and averaged to
obtaininfarctsize.

Using amicroscopic x10 objective, fibrillar collagen
within M1 and non-M1 wasestimated asacollagen volume
fraction (CVF, %). CV Fwasdetermined asthe percentage of
red-stained connective tissue areas per total myocardial
area, excluding perivascular collagen. Non-MI CVF was
addressed separately in 3 distinct regions of each tissue
section examined: theinner third of thenon-M| correspon-
dingtothelV subendocardium (SE), themediumthird of the
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non-Ml interventricul ar septal wall (IVS), and theright ven-
tricular myocardium(RV).

MI ratswere classified into groups SMI and LM,
according to the presence of small (£30%) or large Ml
(>30%), respectively.

ANOVA, complemented by theBonferroni ttest, was
used for comparing quantitative structural variables bet-
ween M1 groups and the sham group. Repeated-measures
analysis of variance, complemented by the Wald test, was
used to evaluate the effects of MI on hemodynamic varia-
bles. Normality and equal variancewereverifiedinall analy-
ses. Datawereexpressed asmean = S.E.M. Statistical signi-
ficancewasestablished at ap <0.05.

The potential relationships between postexperiment
hemodynamic variables and subsequent fibrosis deposi-
tionwithin non-MI wasassessed by using Pearson’scorre-
lation coefficient. Multiple linear regression analysiswas
performedfor detecting among thehemodynamicvariables
which were the best predictors for subsequent fibrosis
deposition. The stepwi se sel ection method was used, with
p-valuesof 0.10and 0.05 considered significant for entering
avariableintoor removingit fromthemodel, respectively.
The statistical analysiswas performed with SAS (Statisti-
cal Analysis System) software ™.

Resaults

The 3 study groupscomprised 7 ratseach. Infarct size
was20.4+1.5% (range: 15.1t0 25.3%) inthe SMI groupand
50.5+ 2.4% (range: 40.8t058%) intheLMI group.

Heart, lungs, and liver to body weight ratiosweresig-
nificantly greaterintheLMI thanintheshamgroup (tablel).

Figurelillustratesthe hemodynamic variablescompu-
ted before and after the experiment. Before surgery, al 3
groupswerestatistically comparable. Surgery did not affect
any of thehemodynamic variablesin thesham group.

LVEDPincreasedfivefoldintheLMI group, resulting
insignificantly higher valuesthan in the sham group. The
twofoldincreasein LVEDP observedinthe SMI groupwas
not statistically different fromthat in the sham group.

CDP significantly decreased only inthe LMI group
(-30%). Postexperiment CDPwascomparableamongall 3
groups.

A statistically significant decreasein LV dP/dt__
(-36%0) wasdemonstrated for theLMI group aone, and LV

Tablel - Body weight and organsto body weight ratios at 4 weeks of
follow-up in sham, SMI, and LM groups.

sham SV LMI p-value

BW (q) 3214485 325659 327.2:9.2 071
Heart/BWx 1000  3.3+0.1 34201  46$0.3*  0.002
Lung/BWx 1000  6.1:0.4 65+08 10.1+1.6*  0.03
Liver/BW x 1000  33.5+1.4 36:13 433#37* 003

BW- indicates body weight; SMI- small myocardial infarction; LMI- large

myocardial infarction; *p<0.05 vs. sham.
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Fig. 1- Systemicand|eft ventricular (LV) hemodynamic measurementsof thesham, SMI, and LM groupscomputed before (1) andfollowing (2) theexperiment. * = p<0.05vs. sham;

T=p<0.05, 2to 1differencein comparisonwith 2to 1 differencefoundin sham.

dP/dt_._did not changesignificantly. Despitethese nonuni-
form and not always significant changes, after surgery LV
dP/dt _ andLV dP/dt , turned out to bestatistically diffe-
rent between each the M1 groups and the sham group.

SBPand DBP had atendency to decrease, particularly
inthe LMI group (-5% and -7%, -9% and - 7%, -23% and -
19% for sham, SMI, and LMI groups, respectively) but
remained comparableamong groupsafter surgery.

Surgery did not changeheart ratein any group (sham,
345+17t0330+18; SMI 323+16t0317+14; LMI 353+14to
328+16 beatsmin').

Tablell depicts CVF determined within M| and non-
M1 regions. MI CVFwascomparablebetweenthe SM| and
LMI groups. Non-MI CVFinlVSandin RV wascomparable
among the3 groups. Otherwise, LMI showed agreater non-
MI SE CVFthanthat inthe sham group.

Infigure 2, four heart tissue sections are depicted
under progressive magnification representing an animal
included inthe LMI group. An evident increase can be

Tablell - Collagen volume fraction of sham, SMI, and LMI groupsin
myocardial infarction and in 3 different noninfarcted myocardial
regions 4 weeks after surgical experiment

CVF (%) sham SMI LMI p-value

Infarcted region 58.4+33 528+25 0.21
LV subendocardium 1.7+04 22+0.7 5.6+1.2* 0.008
Interventricular septum 0.7+ 0.1 0.6+ 0.1 0.5+0.1 0.24
Right ventricle 1+0.2 1.3+ 0.2 0.7+0.2 0.12

SMI indicates small myocardial infarction; LMI- largemyocardial infarction;
CVF- collagen volume fraction; LV- left ventricle; *p<0.05 vs. sham.
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Fig. 2 - Picrosirius red-stained sections of acoronal heart tissue section from rat with alarge myocardial infarction. The (0) represents a picture obtained under amacro lensand

shows the entire tissue section encompassing both the left and the right ventricles. The subsequent panels represent endomyocardial layers obtained under progressive
microscopic magnification: 1) correspondsto x2.5, 2) tox10 and 3) x20 magnification objectives.

observedin collagenfibersrevea ed asathick layer of fibro-
sisscattered withinthenon-MI SELV.

AsCV Fwaspredominantly foundwithinthe SE layer of
non-MI LV, theamount of collagenfibersfound at thisloca-
tionwasusedfor further statistica analyses. Of thehemody-
namic variablesinvestigated, non-MI SE CVF correlated
inversely with SBP(r=-0.51,p=0.02), DBP(r=-0.44,p=
0.04),andCDP(r=-0.52,p=0.02), and directly with LV dP/
dt . (r=0.44,p=0.04).

CDPwastheonly hemodynamicvariableidentified as
independently related to non-M| SE CVF (parameter esti-
mate=-0.061, sandarderror=0.02, Rsgr=0.27,p=0.02). Fi-
gure 3 graphically representsthe linear correlation found
between non-M1 SE, CVF, and CDP.

Discussion

The present study confirmed previous findings sho-
wing that experimental left coronary artery ligatureinrats
producesimmediate systemicand LV hemodynamic chan-
ges 2. These changes occurred predominantly in animals
withthelargest M| and corresponded to decreasesin both
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LV dP/dt,  and CDPandtoincreasesinbothLVEDPandLV
dpr/dt . .

In particular, our findings aludeto arelationship bet-
ween acute post-M1 CDPandfibrosisdepositionwithinnon-
M1 examined 4 weekslater. Theincreaseinnon-Ml collagen
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Fig. 3- Relationship between subendocardial (SE) collagen volumefraction (CVF)
in noninfarcted myocardium at 4 weeks and coronary driving pressure (CDP)
measuredimmediately after thesurgical experiment.
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content wasfoundrather typically at the SE region. Recently,
experiments using theisolated rat heart preparation have
shownthat baselineflow may bereduced by asmuchas28%
immediately after coronary artery ligature®®.

Theinvivo nature of the present study permitted us
to establish apotential connection between acute hemody-
namic changesjeopardizing blood flow to non-M1 and late
development of SEfibrosis.

Ashemodynamicswasmoreseverely impairedinthe
LMI group, we specul ate that the acuteimpairment of LV
systolic performance? chiefly contributed to the reduction
incoronary perfusion pressureand blood flow 8. Ventricular
diastolic dysfunction would further limit coronary perfu-
sionand aggravateischemia.

Werecognizethat although CDPhasbeen demonstra-
ted to be an independent predictor of subsequent SE fibro-
sis, theassociated r-squarevaluewas of not so great amag-
nitude. In part, thismay beduetotherelatively early hemo-
dynamic measurements undertaken in the present study.
Although studies performed in humans 4 and in dogs *°
suggest that aninitial transitory improvement may occur in
post-MI hemodynamics, in rats these parameters usually
deteriorated during the first 24 hours 2 and beyond 619,
Further ischemiaat the SE region may occur duringthepro-
gression of remodeling as a consequence of reduced coro-
nary blood flow reserve -2,

Controversy regarding the pathogenesis of collagen
accumulationwithin non-Ml, involving different local and
systemic mediators 422 gtill remains. The present fin-
dingsindicate that underperfusion to non-MI should also
betakeninto account asapotential mechanism, particularly
toexplain SE collagenfiber accumulation.

The predominance of SE over interstitial fibrosishas
been reported before# 2, This pattern of collagen deposi-
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tionisrather in support of being representative of arepara-
tive scarring processin response to impeding myocardial
perfusion. It may a so explain reportsof remotewal | motion
abnormalitiesoccurring early onand persisting for aslong
as2monthsafter M| 2%,

Ventricular remodeling hasbeen characterized by thin-
ning and expansion of theinfarcted wall, on the one hand,
and by enlargement of the ventricular cavity, on the other,
occurring asearly as2 days® after M|, or even earlier @, It
hasbeen attributed to the occurrence of sideto side slippa-
geof remnant myocyte fibers®. In disagreement with this
assumption isthefact that LV epicardial circumference
length remainsunchanged upto 21 daysafter M1 L. Alterna-
tively, itisquiteconceivableto supposethat early enlarge-
ment of the ventricular cavity may be, in part, the result of
loss of myocyte cellsjeopardized by poor coronary perfu-
sion taking place under unfavorabl e acute hemodynamic
conditions, such asthose reported in the present study.

Based on the present findings, we specul ate that
impedingischemiaof non-MI occursacutely after M1, par-
ticularly affecting the SE region, and may result from
hemodynamic changesinterfering with CDP. Thisappears
to play achief rolein subsequent fibrosis found in this
region. To be confirmed, thishypothesisdeservesfurther
investigation.

Acknowledgments

Wearegrateful to Dr MariadeL ourdesHiguchi for her
technical assistance and for providing the facilities for
processing and analyzing theti ssue sections. Weal so thank
Dr Irineu Tadeu Velasco for providing the facilities of the
experimental laboratory of the University of Sdo Paulo
Medical School (LIM-51) wherethisstudy was performed.

References

1. AnversaP LiP Zhang X, Olivetti G, Capasso JM. | schaemic myocardial injury
and ventricular remodelling. Cardiovasc Res 1993; 27: 145-57.

2. Pfeffer MA, Pfeffer M, FishbeinMC, etal. Myocardid infarct sizeand ventricular
functioninrats. Circ Res 1979; 44: 503-12.

3. FimmCC, SunY, Weber KT. Wound healing following myocardia infarctionin
therat: rolefor bradykinin and prostaglandins. JMol Cell Cardiol 1996; 28:
1279-85.

4. Nicoletti A, Michel JB. Cardiac fibrosis and inflammation: interaction with
hemodynamic and hormonal factors. Cardiovasc Res1999; 41: 532-43.

5. WalshJT, Batin PD, HawkinsM, McEntegart D, Cowley AJ. Ventricular dilata-
tionintheabsenceof ACE inhibitors: influenceof haemodynamicand neurohor-
monal variablesfollowing myocardial infarction. Heart 1999; 81: 33-9.

6. VanKerckhovenR, Kalkman EA, SaxenaPR, Schoemaker RG. Altered cardiac
collagen and associated changesin diastolic function of infarcted rat hearts.
Cardiovasc Res 2000; 46: 316-23.

7. Marijianowski MM, Teeling P, Becker AE. Remodeling after myocardial
infarctionin humansisnot associated with interstitial fibrosis of noninfarcted
myocardium. JAm Coll Cardiol 1997; 30: 76-82.

8. CrossC, RiechenP, Salishbury P. Coronary driving pressureand vasomator tonus
asdeterminantsof coronary blood flow. Circul ation Research 1961; 9: 589-600.

9. FishbeinMC, Maclean D, Maroko PR. Experimental myocardia infarctioninthe
rat: qualitative and quantitative changes during pathol ogic evolution. Am J
Pathol 1978; 90: 57-70.

10. JunqueiraLC, Bignolas G, Brentani RR. Picrosirius staining plus polarization
microscopy, aspecific method for collagen detection in tissue sections. Histo-
chemJ1979; 11: 447-55.

11. SASiIndtitutelnc. SAS. SAS/STAT User’'sGuide. 6 ed. Cary, NC: SASInstitute,
1989.

12. Schoemaker RG, Urquhart J, Debets JJ, Struyker Boudier HA, Smits JF. Acute
hemodynamic effects of coronary artery ligation in consciousrats. Basic Res
Cardiol 1990; 85: 9-20.

13. Ndissen-VranckenHJ, Debets 1], Snoeckx LH, DaemenMJ, SmitsJF. Time-related
normalization of maximal coronary flow inisolated perfused heartsof ratswith
myocardia infarction. Circulation 1996; 93: 349-55.

14. Ginzton LE, Conant R, RodriguesDM, Laks MM. Functional significance of
hypertrophy of the noninfarcted myocardium after myocardial infarctionin
humans. Circulation 1989; 80: 816-22.

15. GibbonsEF, Hogan RD, Franklin TD, NoltingM, Weyman AE. Thenatural his-
tory of regional dysfunctioninacaninepreparation of chronicinfarction. Circu-
lation 1985; 71: 394-402.

16. CapassoJM, Li P, Zhang X, AnversaP. Heterogeneity of ventricular remodeling
after acutemyocardid infarctioninrats. AmJPhysiol 1992; 262(2 Pt 2): H486-95.

17.  HuK,GaudronPR, Schmidt TJ, HoffmannKD, Ertl G. Aggravationof left ventricular
remodeling by anovel specificendothelin ET(A) antagonist EMD94246inratswith
experimental myocardia infarction. JCardiovasc Pharmacol 1998; 32: 505-8.

18. Mulder P, Devaux B, RichardV, et al. Early versusdel ayed angiotensin-conver-

519



Frimm et al Arq Bras Cardiol

Subendocardial fibrosis and coronary driving pressure during acute infarction 2003; 80: 515-20.
ting enzymeinhibitioninexperimental chronic heart failure: effectsonsurvival, 25. SunY, Weber KT. Angiotensin |l receptor binding following myocardial
hemodynamics, and cardiovascular remodeling. Circulation 1997; 95: 1314-9. infarctionintherat. Cardiovasc Res1994; 28: 1623-8.

19. Mulder P, Richard V, Derumeaux G, et a. Role of endogenous endothelinin 26. Weber KT. Targeting pathol ogical remodeling: conceptsof cardioprotectionand
chronic heart failure: effect of long-term treatment with an endothelin antagonist reparation. Circulation 2000; 102: 1342-5.
on survival, hemodynamics, and cardiac remodeling. Circulation 1997; 96: 27. Beltrami CA, Finato N, Rocco M, et a. Structural basis of end-stagefailurein
1976-82. ischemic cardiomyopathy in humans. Circulation 1994; 89: 151-63.

20. Schoemaker RG, SaxenaPR, Kalkman EA. Low-dose aspirinimprovesinvivo 28. Michel JB, LattionAL, SdzmannJL, etd. Hormona and cardiaceffectsof conver-
hemodynamicsin conscious, chronically infarcted rats. Cardiovasc Res 1998; ting enzymeinhibitioninrat myocardia infarction. Circ Res 1988; 62: 641-50.
37.108-14. 29. Solomon SD, Greaves SC, Rayan M, Finn P, Pfeffer MA, Pfeffer IM. Temporal

21. UrenNG, CrakeT, Lefroy DC, deSilvaR, DaviesGJ, Maseri A. Reduced coro- dissociation of left ventricular function and remodeling following experimental
nary vasodilator functionininfarcted and normal myocardium after myocardial myocardial infarctioninrats. JCard Fail 1999; 5: 213-23.
infarction. N Engl JMed 1994; 331: 222-7. 30. Kramer CM, LimaJA, Reichek N, et . Regional differencesinfunctionwithin

22. KakmanEA, BilginYM, vanHaren P, van Suylen RJ, SaxenaPR, Schoemaker noninfarcted myocardium during left ventricular remodeling. Circul ation 1993;
RG. Determinants of coronary reservein rats subjected to coronary artery liga- 88: 1279-88.
tion or aortic banding. Cardiovasc Res 1996; 32: 1088-95. 31. RobertsCS, Maclean D, Maroko P, Kloner RA. Early and lateremodeling of the

23. FrimmCC, Sun’, Weber KT. Angiotensin || receptor blockade and myocardial left ventricleafter acutemyocardial infarction. AmJCardiol 1984; 54: 407-10.
fibrosisof theinfarctedrat heart. JLab ClinMed 1997; 129: 439-46. 32. Olivetti G, Capasso M, Sonnenblick EH, Anversa P. Side-to-side slippage of

24. SunY,CleutjensJP, Diaz-AriasAA, Weber KT. Cardiac angiotensin converting myocytes participatesin ventricular wall remodeling acutely after myocardial
enzymeand myocardial fibrosisintherat. Cardiovasc Res 1994; 28: 1423-32. infarctioninrats. Circ Res 1990; 67: 23-34.

Bularesumida — MICARDIS® Telmisartam - Uso adulto - Forma farmacéutica e apresentacdes: Comprimidos de 40 mg: embalagens com 14 e 28 comprimidos. Comprimidos de 80 mg: embalagens com 14 e 28
comprimidos. Composig¢&o: Cada comprimido contém 40 mg ou 80 mg de telmisartam. Excipientes g.s.p. 1 comprimido. Indicacdes: Tratamento da hipertensao arterial, como monoterapia ou em associagdo com
outros agentes anti-hipertensivos. Contra-indicagdes: Hipersensibilidade ao ingrediente ativo ou aos excipientes. Gravidez e lactacdo. Obstrug&o biliar. Disfungéo hepatica ou renal grave. Intolerancia hereditaria
a frutose. Precaugdes: Hipertens&o renovascular: pacientes com estenose arterial renal bilateral ou estenose da artéria com um Unico rim funcionando: risco aumentado de hipotenséo grave e insuficiéncia renal.
Disfuncao renal ou transplante hepatico: monitoragao periddica dos niveis séricos de potassio e creatinina. Ndo ha experiéncia em pacientes com transplante renal recente. Desidratagdo: hipotensao
sintomatica, especialmente ap6s a primeira dose, pode ocorrer em pacientes que tém volemia e/ou sddio depletado, o que deve ser corrigido antes do inicio da terapéutica com MICARDIS. Outras condigdes de
estimulacdo do SRAA e condicdes dependentes da atividade SRAA (insuficiéncia cardiaca congestiva grave): hipotensdo aguda, hiperazotemia, oligtria ou, raramente, insuficiéncia renal aguda.
Hiperaldosteronismo primario: nao se recomenda o uso de MICARDIS. Estenose valvar adrtica e mitral e cardiomiopatia hipertréfica obstrutiva: Recomenda-se precaucédo especial. Hipercalemia: recomenda-
se monitoracao adequada dos niveis séricos de potassio em pacientes de risco. Diuréticos poupadores de potassio, suplementos de potassio, sais de potassio ou outros medicamentos que podem aumentar
os niveis de potassio, como a heparina: podem levar a um aumento da potassemia. Portanto, nestas situagdes MICARDIS deve ser administrado com cautela. Disttrbios hepatobiliares: pode-se esperar reducéo
da depuracdo em pacientes com disfuncGes obstrutivas do sistema biliar ou insuficiéncia hepatica, pois a eliminagdo da droga é principalmente biliar. Intolerancia a frutose: os comprimidos de MICARDIS contém
sorbitol; portanto, é inadequado para pacientes com intolerancia hereditaria a frutose. Outros: menor eficacia na reducéo da presséo arterial na populagéo negra do que na populacéo nao-negra. Cardiopatia
isquémica ou doenca cardiovascular isquémica pode resultar em infarto do miocérdio. Interagdes medicamentosas: MICARDIS pode aumentar o efeito hipotensor de outros agentes anti-hipertensivos. Observou-
se um aumento de 20% da concentragdo plasmatica média de digoxina. Relataram-se aumentos reversiveis das concentragdes séricas de litio e de toxicidade; portanto, recomenda-se cuidadosa monitoragao
do uso concomitante com litio. Gravidez e lactagdo: Contra-indicado. Reacdes adversas: As reagdes adversas a droga obtidas a partir de todos os estudos clinicos com telmisartam foram: Infec¢Ges do trato
urinario, infecgdes do trato respiratério superior, ansiedade, visdo anormal, vertigem, dor abdominal, diarréia, boca seca, dispepsia, flatuléncia, dor de estdbmago, eczema, aumento de suor, artralgia, dor nas
costas, caibras nas pernas ou dores nas pernas, mialgia, sintomas de tendinite, dor no peito, sintomas de gripe. Além disso, desde a introdugéo de telmisartam no mercado, relataram-se casos raros de eritema,
prurido, desmaio, insonia, depressao, vomito, hipotensao, bradicardia, taquicardia, dispnéia, eosinofilia, trombocitopenia, fraqueza e perda de eficacia. Relataram-se casos isolados de angioedema, urticaria
e outros eventos relacionados. Investigacdes: Raramente, observaram-se diminuicdo na hemoglobina ou aumento no acido urico. Observaram-se aumentos na creatinina ou nas enzimas hepaticas. Efeitos
na habilidade de dirigir e utilizar maquinas: Ainda néo se realizaram estudos especificos. Contudo, ao dirigir ou operar maquinas, pode ocasionalmente ocorrer tontura ou sonoléncia. Posologia: A dose
recomendada é de 40 mg uma vez ao dia. Alguns pacientes podem apresentar beneficio com dose diaria de 20 mg. Em casos em que a pressao arterial pretendida néo seja atingida, a dose de MICARDIS pode
ser aumentada para no maximo 80 mg uma vez ao dia. Alternativamente, MICARDIS pode ser usado em combinagdo com diuréticos tiazidicos, como a hidroclorotiazida, para se obter uma redugdo maior da
pressdo arterial. Quando se considerar um aumento da dose, deve-se levar em conta que o maximo efeito anti-hipertensivo é geralmente atingido quatro a oito semanas ap6s o inicio do tratamento. MICARDIS
pode ser administrado com ou sem alimento. Insuficiéncia renal: Nao ha necessidade de ajustes de dose em pacientes com insuficiéncia renal leve a moderada. Telmisartam n&o é removido do sangue por
hemofiltrag&o. Insuficiéncia hepatica: Nos pacientes portadores de insuficiéncia hepatica leve a moderada, néo se deve exceder a dose diaria de 40 mg. Pacientes idosos: N&o s&o necessarios ajustes de doses.
Criancgas e adolescentes: Nao ha dados de seguranca e eficacia de MICARDIS em criangas e adolescentes. VENDA SOB PRESCRIGCAO MEDICA - MS - 1.0367.0110 - Boehringer Ingelheim do Brasil Quimica
e Farmacéutica Ltda.

Bula resumida — MICARDIS® HCT — Telmisartam/Hidroclorotiazida - Uso adulto - Composic&o: Cada comprimido de MICARDIS HCT contém 40 mg/12,5 mg ou 80 mg/12,5 mg de telmisartam/hidroclorotiazida.
Embalagens com 14 e 28 comprimidos. Excipientes q.s.p. 1 comprimido. Indicagdes: Tratamento da hipertensao arterial. MICARDIS HCT, como associagdo de dose fixa, € indicado em pacientes cuja pressdo
arterial ndo é adequadamente controlada com telmisartam ou hidroclorotiazida isoladamente. Posologia: MICARDIS HCT deve ser administrado uma vez ao dia. A dose de MICARDIS pode ser aumentada
gradativamente antes de substitui-lo pelo MICARDIS HCT. A substitui¢do direta da monoterapia pelas combinagdes fixas pode ser considerada. MICARDIS HCT 40/12,5 mg pode ser administrado em pacientes
cujas pressoes sangiiineas ndo sejam adequadamente controladas por MICARDIS 40 mg ou hidroclorotiazida. MICARDIS HCT 80/12,5 mg pode ser administrado em pacientes cujas pressdes arteriais ndo sejam
adequadamente controladas por MICARDIS 80 mg ou por MICARDIS HCT 40/12,5 mg. O maximo efeito anti-hipertensivo é obtido apds 4 a 8 semanas de tratamento. Quando necessario, MICARDIS HCT pode ser
administrado com outros anti-hipertensivos. MICARDIS HCT pode ser administrado com ou sem alimento. Devido ao componente hidroclorotiazida, MICARDIS HCT néo deve ser usado em pacientes com
disfuncéo renal grave. Nos casos leves a moderados, ndo se observaram efeitos adversos renais e ndo é necessario ajuste de dose. Recomenda-se monitoragdo periédica da fungéao renal. Nos casos de
insuficiéncia hepatica leve a moderada, ndo se deve exceder a dose de 40/12,5 mg uma vez ao dia. MICARDIS HCT nao é indicado em pacientes com insuficiéncia hepatica grave. Ndo sdo necessarios ajustes
de dose conforme a idade. Ainda néo se estabeleceram a seguranca e a eficacia de MICARDIS HCT em pacientes menores de 18 anos. Contra-indicagdes: Hipersensibilidade aos componentes ativos,
excipientes ou substancias derivadas de sulfonamidas (como HCT). Gravidez e lactag&o. Colestase e distdrbios obstrutivos biliares. Insuficiéncia hepatica ou renal grave (depuragéo de creatinina <30 ml/min).
Hipopotassemia refratéaria e hipercalcemia. Precaugdes: Nao utilizar nos casos de colestase, disturbios biliares obstrutivos ou insuficiéncia hepatica grave. Usar com cautela nos casos de funcéo hepéatica
alterada ou doenca hepatica progressiva, pois pode ocorrer coma hepatico. Ha maior risco em pacientes com estenose arterial renal bilateral ou estenose com um Gnico rim funcionando. Micardis HCT nédo deve
ser administrado em pacientes portadores de disfung&do renal grave. Nao ha experiéncia quanto a administragdo de MICARDIS HCT em pacientes com grave insuficiéncia renal ou com um rim transplantado
recentemente. Recomenda-se a monitoracédo periddica dos niveis séricos de potassio, creatinina e &cido Urico. A azotemia associada a diuréticos tiazidicos pode ocorrer em pacientes com funcéo renal alterada.
Pode ocorrer hipotensédo sintoméatica em pacientes que tém volemia e/ou sédio depletado. Insuficiéncia cardiaca congestiva grave ou doenga renal, estenose da artéria renal tratada concomitantemente com
drogas que afetem o sistema renina-angiotensina-aldosterona foram associados com hipotens&o aguda, hiperazotemia, oligtria ou, raramente, insuficiéncia renal aguda. Aldosteronismo primario: ndo se
recomenda o uso de telmisartam, precaugdo especial em estenose valvar adrtica ou mitral e cardiomiopatia hipertréfica obstrutiva. Como tiazidas podem prejudicar a tolerancia a glicose, pode ser necessario
ajuste no tratamento em diabéticos e pode ocorrer manifestagao de diabetes latente. A hidroclorotiazida aumenta os niveis de colesterol e triglicérides; contudo, nenhum ou poucos efeitos adversos foram
relatados na dose de 12,5 mg contida em MICARDIS HCT. Pode ocorrer hiperuricemia ou precipitagdo de gota devido a hidroclorotiazida. Pode ser necessaria monitorag&o periddica dos niveis séricos de
eletrélitos, uma vez que a hidroclorotiazida pode causar desequilibrio eletrolitico ou de fluidos (hipopotassemia, hiponatremia e alcalose hipoclorémica). O tratamento concomitante com telmisartam pode
reduzir a hipopotassemia induzida por diuréticos, devido aos efeitos antagonicos. Diuréticos poupadores de potassio, suplementos de potassio ou substitutos do sal contendo potassio devem ser utilizados
concomitantemente com cautela. Nao ha evidéncias de que MICARDIS HCT reduza ou previna hiponatremia induzida por diuréticos. A deficiéncia de cloreto é geralmente leve. Tiazidas podem causar elevacao
dos niveis séricos de célcio e magnésio. Interromper o uso antes dos testes de fungéo da paratireéide. Nao utilizar em intolerancia hereditaria a frutose. A redugdo excessiva da pressao arterial no caso de doenca
cardiovascular isquémica pode ser prejudicial. Relatou-se exacerbagéo ou ativagdo do lupus eritematoso sistémico com o uso de hidroclorotiazida. Recomenda-se cautela no uso de anti-hipertensivos ao dirigir
e operar maquinas. Interagées medicamentosas: Relataram-se aumentos reversiveis das concentragdes séricas de litio durante administragado concomitante com inibidores da enzima conversora de
angiotensina. Relataram-se casos de interagdo com antagonistas dos receptores da angiotensina I1. O risco de toxicidade por litio pode ser aumentado com o uso de MICARDIS HCT. Recomenda-se a monitoragao
dos niveis séricos de litio durante o uso concomitante. O efeito de deple¢&o de potassio da hidroclorotiazida é atenuado pelo efeito poupador de potéssio do telmisartam, mas é potencializado por outros diuréticos
caliuréticos, laxantes, corticosteréides, ACTH, anfotericina, carbenoxolona, penicilina G sédica, acido salicilico e derivados. Por outro lado, o uso concomitante de diuréticos poupadores de potassio,
suplementos/sais de potassio ou outras drogas podem aumentar os niveis séricos de potassio. Nesses casos, recomenda-se a monitoragao dos niveis plasmaticos de potassio. Recomenda-se monitoragao
periodica de potassio na administragdo de MICARDIS HCT com digitalicos, antiarritmicos e drogas que sao conhecidamente indutoras de torsades de pointes. Telmisartam pode aumentar o efeito hipotensor de
outros agentes anti-hipertensivos. Observou-se um aumento de 20% da concentracdo plasmatica média de digoxina. N&o se identificaram outras interagdes de importancia clinica. Interagées com a
hidroclorotiazida: alcool, barbittricos ou narcéticos (potencializagéo da hipotensao ortostatica); drogas antidiabéticas (ajustes de dose podem ser necessarios); metformina (risco de acidose lactica);
colestiramina e resina colestipol (absorgdo de hidroclorotiazida é prejudicada); corticosteréides, ACTH (deplecao eletrolitica, principalmente aumento de hipopotassemia); glicosideos digitalicos
(hipopotassemia ou hipomagnesemia induzida por tiazidicos favorece o aparecimento de arritmias cardiacas induzidas por digitalicos); drogas antiinflamatérias ndo-esteroidais (a administragdo de droga
antiinflamatéria ndo-esteroidal pode reduzir o efeito diurético, natriurético e anti-hipertensivo dos diuréticos tiazidicos em alguns pacientes). Os efeitos das aminas hipertensoras podem ser levemente
diminuidos. Os relaxantes musculares esqueléticos ndo-despolarizantes sdo potencializados pela hidroclorotiazida. Medicamentos uricosuricos podem requerer ajustes. Verificou-se aumento da incidéncia
de reacdes de hipersensibilidade ao alopurinol. Os efeitos hiperglicémicos dos beta-bloqueadores e diazéxido podem ser aumentados pelas tiazidas. Os agentes anticolinérgicos (por exemplo, atropina,
biperideno) podem aumentar a biodisponibilidade das tiazidas. As tiazidas podem aumentar os eventos adversos da amantadina. As tiazidas podem reduzir a excregéo renal de drogas citotoxicas (por exemplo,
ciclofosfamida, metotrexato). Gravidez e lactag&o: E contra-indicado. Se ocorrer gravidez, telmisartam deve ser descontinuado o mais breve possivel. As tiazidas atravessam a barreira placentéria e podem
causar distarbios eletroliticos no feto e é possivel que ocorram outras reagdes. Relataram-se casos de trombocitopenia ou ictericia neonatal com o tratamento tiazidico materno. Tiazidas sdo excretadas no leite
humano e podem inibir a lactagdo. Reacdes adversas: Foram relatadas as seguintes reacdes adversas: Bronquite, faringite, sinusite, infeccdes do trato respiratério superior, infeccdes do trato urinario,
sialadenite, eosinofilia, anemia aplastica, anemia hemolitica, depressdo da medula 6ssea, leucopenia, neutropenia/agranulocitose, trombocitopenia, alergia, rea¢des anafilaticas, perda do controle da diabete,
hipercolesterolemia, hiperuricemia, hipopotassemia, causa ou aumento da deplecéo de volume, desequilibrio eletrolitico, hiponatremia, anorexia, perda de apetite, hiperglicemia, ansiedade, depresséo,
inquietag&o, tontura, desmaio, insonia, escotomas, parestesia, distirbios do sono, visdo alterada, visdo borrada temporariamente, xantopsia, vertigem, bradicardia, taquicardia, arritmias cardiacas, hipotensao,
hipotensé&o postural, angiite necrotizante (vasculite), dispnéia, sofrimento respiratdrio (incluindo pneumonite e edema pulmonar), dor abdominal, diarréia, dispepsia, gastrite, dor de estomago, boca seca,
flatuléncia, vomito, constipacao, pancreatite, ictericia (ictericia hepatocelular ou colestatica), eczema, aumento do suor, eritema, prurido, rea¢des cutaneas do tipo lupus eritematoso, vasculite cutanea, reagdes
de fotossensibilidade, erupg¢des cutaneas, reativagéo do lupus eritematoso cutaneo, necrdlise epidérmica téxica, atralgia, artrose, dor nas costas, dor nas pernas, mialgia, caibras nas pernas, sintomas de
tendinite, fraqueza, espasmo muscular, nefrite intersticial, disfuncao renal, glicosuria, impoténcia, sintomas de gripe, dor, dor no peito, perda da eficacia, febre. Investigacdes: Diminuicdo da hemoglobina, aumento
do acido urico, aumento na creatinina, aumento das enzimas hepaticas, aumento dos triglicérides. Assim como ocorre com outros antagonistas da angiotensina Il, relataram-se casos isolados de angioedema,
urticaria e outras reagées relacionadas. VENDA SOB PRESCRIGAO MEDICA. - MS 1.0367.0134 Boehringer Ingelheim do Brasil Quimica e Farmacéutica Ltda.
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