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FIG. 55.3 (A) The systemic and tissue components of the renin-angiotensin system (RAS). Several tissuésincluding myocardium, vasculature, kidney, and brain, have the
capacity to generate angiotensin Il independent of the circulating RAS. Angiotensin Il praduced at the tissue level may play an important role in the pathophysiology of heart
failure. (B) Angiotensin |l degradation pathways. Angiotensin |l is degraded by angiGtensin-converting erzyme 2 (ACE2) to form Ang-{1-7), which subsequently can be degraded
by ACE to form Ang-{1-5). Other pathways of angiotensin Il degradation include aminopeptidase A to Ang-(2-8), dipeptidyl-aminopeptidase | to Il to Ang IV, and neprilysin
and various peptidases to other small peptide products. Ang-(2-8) and Ang IV may alse be reversibly interchanged via aminopeptidase N. C, Action of angiotensin Il type 1
(AT,) and type 2 (AT:) receptors and MAS-mediated signaling. ACE, AngiotensinFc@nuertingsengyme; Ang, angiotensin; NO, nitric oxide. (A, Madified from Timmermans PB,
Wong PC, Chiu AT, et al. Angiotensin Il receptors and angiotensin || receptor antagonists. Pharmacol Rev. 1993;45:205. B, Modified from Batlle D, Wysocki ), Soler MJ, Ranga-
nath K. Angiotensin-converting enzyme 2: enhancing the degradation of angiotensinill as a potential therapy for diabetic nephropathy. Kidney Int. 2012;81:520-528. C,
Meodified from Iwai M, Horiuchi M. Devil and angel in the renin-angiotensin system. Hypertens Res. 2009;32:533-536.)

a) Sl oo 2lolis SARS-COV-2 Jslu 00ipS lgie & lien
(005 a1 82 Jad

G gy & Jate 00iyS 50 Goyb 5l 1) 955 SN il 3]
angiotensin type2 5 (AT1) angiotensifitypel slasl 4 (GPCRs)
8y el ATL g0 pies 5o el 15,05 o Jloe! (AT2)
AT2 e Lol wiyls 052 ldl 55900 ;3 AT2 g ATL 45 g0 0 i
Lgs a5 550 5l giblis s> logae ATL .l ATL s 90 Ly jis
o 3L 5 Cadlag b 5o Lolais| AT2 5 05 oo (mcaas lagys, i
(riSG ilS g5lg o ATL fas Jlad L 0igs o <l (interstitium)
4 e AT2 (s Jld 5 oyl J5S 5 (g yimgall i ¢ Jshoo 03
oS0l o ST 5 eys Al e sk 0By Jles (oselidasgls
ATL 65,5 a5 wilools o)las ladllas (awi 1, 55-3 C JS2) 00 5 oo
Gl AT2 a5 Jl s asil gals Loyl b5 s T MRNA zslaus
Aboe pmals AT2 a4 ATL cond 5 wlooo (BL ymds e b asdly
aha g je o adsl Oyso 4 a5 cusl GPCR o5 5 MAS oS
(0 1,55-3 C IS2) 5,15 3929 s <l o Ll D9 oo 8Ly

Sgan Lis gl a5 ol gge 51 ppaiz gl 1 Gyl 31
ol ol Jlo ol L st bbi o Sl (35 35,5 Saeolsss
5 034 (Maladaptive) ,15;5Lub 11 :uilis, 357 (sustained expression)
lgi oo I il 5100 )5 oo O]l 5 el B 59,08 @ mio
g5 S8 (izeod 9 Sesloann Slasl sleil 5INE (5looliT Sali3l L

Ail5s 5 00,8 lax (a5 oo Fibw 0S50 85) G505 30 (jghemilin 3]
Jomrs il oo o St |y | b T JLsd o8 Sl
900, oz | b3l 511, 4l 0l 55 (ACE) il 51
Celed ity 03l so ) 1 il 5T Jlad 5905 (8 6 1) wyles]
& 023leBl 110 c0gs o il sl o ooy 50 (%90 & Sus35) ACE
B9 0130 5 b alin b o (Lt & Jate 18) Joloe &j50
odalive ol lawg HF o 3L, ACE cold ol 005 o0 cdly
Jlasil Loyl ACE [MRNA] Lo, eles RNA a5 555 o ¢ yhae
oialisl Ll (explanted) soss z,15 slacds ;o ACE cullss g ACE
3 s (5l s B2, 51 Wlgi oo (izpan T (pmnilisy 3T el 2y
Loy | il 3l 5l (o1 i Gsb 51 5 o)
Ay (At 1y 55-3 A USL8) 058 i B raeilS 5 (5,55
3 s (6l yone Gy 51 ol (s pizman I b 35T (3L,
53 el (Seon 23 s (nlaws &) lesS Gl Jld 35k 519 ACE
5 ey gob 45 (ol oy 4 il ;55 5 (YL Sl oS e
itl5-3 (ACEIS) ACE claouisS Lo 5 oolitusl 51, | Cypnilipy ]
g Az )S L8 ot sls e n Cov Wigie Il ibin BT 00 o0
IV bl (B 5 2) 1 iy 1S s Sl Jo aned
oo 5T asdad (0 1,55-3 B US) 751 pilionsl 5 (8 15 3)
S a8 05 o Sl ACEZ Loy 1 (pnilign 5l o aunSls amis )0
ACE2 .ol ACE L (s55)50n 140 L1 g5i LLal 5 sl ooSs S



ISCHEMIC
Subendocardial infarct Mid-wall HE
* |[diopathic dilated
cardiomyopathy
* Myocarditis
Transmural infarct Epicardial HE

8 oyl Yo ylylow (L (23,11 56 Juad

NONISCHEMIC

O

* Hypertrophic
cardiomyopathy

* Right ventricular
pressure overload
(e.g., congenital
heart disease,
pulmonary HTN)

* Sarcoidosis

* Myocarditis

* Anderson-Fabry disease
* Chagas disease

Y

= Sarcoidosis, myocarditis, Anderson-Fabry disease, Chagas disease

Global endocardial HE

= Amyloidosis, systemic sclerosis, post-cardiac transplantation

FIG. 56.7 Patterns of hyperenhancement (HE) with magnetic resonance imaging in various disease states. HTN, Hypertension.
(Modified from Mahrholdt H, et'ak Delayed enhancement cardiovascular magnetic resonance assessment of non-ischaemic

cardiomyopathies. Eur Hearf /. 2005;26:1461 )
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Site Il (ascending loop of Henle): loop diuretics

Site Il (distal convoluted tubule): thiazide and thiazide-like diuretics
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FIG. 58.6 Sites of action of diuretics in the kidney. ADH, Antidiuretic hormone; MRA, mineralocorticoid receptor agonist; SGLTZ, sodium-glucose transporter 2. (Modified

from Wile D. Diuretics: a review. Ann Clin Biochem. 2012;49:419-431.)
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FIG. 59.4 (A) Hypertrophy subtypes: comparison of relative wall thickness (RWT). Patients with normal LV mass can have either concentric remodeling {normal LV mass with
increased RWT =0.42) or normal geometry (RWT =0.42) and normal LW mass. Patients with increased LV mass can have either concentric (RWT >0.42) or eccentric (RWT =0.42)
hypertrophy. These LV mass measurements are based on linear measurements. (B) Tissue Doppler imaging can be used to determine the extent of myocardial involvement in
HFpEF. Reductions in systolic (s"), early diastolic (e"), and late diastolic (a') velocities, prolongation of isovolumic contraction time (IWCT) and isovolumic relaxation time (IVRT),
and reduction in ejection time are all signs of a sick myocardium. (C) LV global longitudinal strain bullseye maps. The strain maps show particular patterns suggestive of amy-
loidosis {upper leff), restrictive cardiomyopathy (upper right), apical hypertrophic cardiomyopathy (fower feft), and end-stage renal disease with a pattern suggestive of Fabry
disease (fower right). ANT, Anterior; ANT SEPT, anteroseptal; INF, inferior; LAT, lateral; POST, posterolateral; SEPT, septal. (A, From Lang RM, et al. Recommendations for cardiac
chamber quantification by echocardiography in adults: an update from the American Society of Echocardiography and the European Association of Cardiovascular Imaging. Eur
Heart J Cardiovasc Imaging. 2015;16[3]:233-270. B, From Shah SJ. 20th Annual Feigenbaum lecture: echocardiography for precision medicine-digital biopsy to deconstruct
biclogy. J Am Soc Echocardiogr. 2019;32[11]:1379-1395e1372. C, From Marwick TH, et al. Myocardial strain in the assessment of patients with heart failure: a review. JAMA
Cardiol. 2019;4[3]:287-294.)
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