
Obrigada por ver esta apresentação

Gostaríamos de recordar-lhe que esta apresentação é propriedade do 

autor. 

É-lhe fornecida pela Sociedade Portuguesa de Nefrologia Pediátrica no 

contexto do Curso de Nefrologia Pediátrica, para seu uso pessoal, tal 

como submetido pelo autor

© 2017 pelo autor



C

APOIO DA CARDIOLOGIA
ECOCARDIOGRAFIA

MÓNICA REBELO

CHLN, H STA MARIA

27 JANEIRO 2017

 
 

EXAMES COMPLEMENTARES DE 
DIAGNÓSTICO. O QUE PEDIR E COMO 
VALORIZAR. O APOIO DAS ESPECIALIDADES. 
QUANDO REFERENCIAR.CASOS CLÍNICOS 
INTERATIVOS. 

26 de Janeiro de 2017 
 
09:00 – SESSÃO DE ABERTURA 
 
Avaliação e interpretação do exame de urina 
09:10 – Avaliação sumária de urina 
Dra. Ana Cláudia Tavares (CHAV, Guimarães) 

09:40 – Hematúria 
Dra. Ana Cláudia Tavares (CHAV, Guimarães) 

 
10:10 – INTERVALO 
 
10:30 – Proteinuria 
Dra. Ana Carolina Cordinhã  
(Hospital Pediátrico de Coimbra) 

11:00 –  Cristalúria 
Dra. Helena Pinto (CH S João, Porto) 

11:30 – Microbiologia urinária 
Prof. Doutor Melo Cristino  
(CHLN-H S Maria, Lisboa) 

 
12:00 – ALMOÇO 
 
Provas laboratoriais de função renal 
13:30 – Função glomerular 
Dra. Ana Teixeira (CH S João, Porto) 

14:00 – Função tubular e equilíbrio hidroeletrolítico 
Dra. Telma Francisco (CHLC-H D Estefânia, Lisboa) 
14:40 – Função endócrina 
Dra. Liliana Rocha (CHP-CMIN, Porto) 

 
15:10 – INTERVALO 
 
Estudo urodinâmico 
15:30 – Avaliação da função vesico-esfincteriana 
Dra. Margarida Abranches 
(CHLC-H D Estefânia, Lisboa) 
 

 
 

 

27 de Janeiro de 2017 
 

Imagem do Aparelho Urinário 
08:30 – A Radiologia 
Aplicações na prática clínica - Casos clínicos 
Dra. Alexandra Ferreira (CHLC-H D Estefânia, Lisboa) 

09:20 – A Medicina Nuclear 
Dra. Teresa Faria e Dra. Ana Rita Fernandes 
(CH S João, Porto) 

09:40 – Aplicações na prática clínica - Casos clínicos 
Dra. Sofia Fernandes (CH S João, Porto) 
10:10 – A Anatomia Patológica 
Dr. Roberto Silva (CH S João, Porto) 
10: 30 – Aplicações na prática clínica - Casos clínicos  
Dra. Rita Moita (CH S João, Porto) 
 

11:00 – INTERVALO 
 

Apoio das Especialidades 
A Cardiologia  
11:30 – Monitorização Ambulatória da 
Pressão Arterial 
Prof. Dra. Liane Costa (CHP-CMIN, Porto) 

11:50 – Ecocardiografia 
Dra. Mónica Rebelo (CHLN-H S Maria, Lisboa) 

12:10 – Índices arteriais na lesão endotelial 
Dra. Inês Gomes (CHLC-H S Marta, Lisboa) 

A Genética 
12:40 – A Genética na Doença Renal 
Prof. Doutor João Paulo Oliveira (CH S João, Porto) 
13:10 – Aplicações na prática clínica - Casos clínicos 
Dra. Inês Alves (CH S João, Porto) 
 

13:40 – ALMOÇO 
 

Critérios de Referenciação 
Referenciação a Cirurgia / Urologia 

14:40 – O Papel do Pediatra 
Dra. Ana Rita Sandes (CHLN-H S Maria, Lisboa) 
15:00 – A resposta do Cirurgião/Urologista 
Dr. João Ribeiro de Castro (CHP-CMIN, Porto) 

15:10 – Casos clínicos 
Dra. Cármen Ferreira (Hospital Pediátrico de Coimbra) 

Dra. Patrícia Mendes (CH Algarve, Faro) 
 

15:50 – INTERVALO 
16:00 – AVALIAÇÃO DE CONHECIMENTOS 
16:30 – AVALIAÇÃO GERAL DO CURSO E 
ENCERRAMENTO 



INTRODUÇÃO
• A DRC é um problema major de saúde mundial.

• Incidência e prevalência vem aumentando.

• Mais frequente no sexo masculino e na raça negra.

• Tem um grande impacto psico-social no doente e na família.

• A mortalidade cardiovascular é a principal causa de morte nas crianças com DRC.

• Arritmias 1ª

• As crianças com DRC estão no  grupo de risco cardiovascular mais elevado na população 

pediátrica.



FACTORES DE RISCO

population are from Mathews et al. (2011).

Table 2.

Causes of cardiac death in children 0–19 years of age with CKD

Dialysis Transplant

Cardiac arrest/arrhythmias Cardiac arrest/arrhythmias

Cerebrovascular disease Cerebrovascular disease

Congestive heart failure/pulmonary edema Acute myocardial infarction

Cardiomyopathy Cardiomyopathy

Acute myocardial infarction

Pericarditis

Data are from the USRDS (2011).

Table 3.

Common risk factors for CVD in children with CKD

Risk Factors CKD (%) Dialysis (%) Transplant (%) References

Traditional

 hypertension 47–54 52–75 63–81 15,21,25,31,54–58

 dyslipidemia 45 33–87 55–84 19,21

 obesity 15 8-11 12–22 20,21,25,59

 hyperglycemia 4 11 22 20,21

Uremia related

 anemia 38–48 40–67 32–64 22,23,25,57,60–62

 hyperparathyroidism 21 72 57,63

 increased calcium-phosphorus product 53–55 25,62

 increased C-reactive protein 76 64

 hypoalbuminemia 47 40–60 62,57

aData are from CKiD study  and North American Pediatric Renal Trials and Collaborative Studies registry.

Table 4.

Common early cardiac and vascular abnormalitiess in children with CKD

Stage 2–4 CKD (%) Dialysis (%) Transplant (%) References

LVH 17–50 30–92 8–82 16,27,30,31,35,65–67

Abnormal cIMT 29–61 66–89 58–75 43,44,46,68–73

CAC — 12–20 — 7,45–47,74–77

Articles from Journal of the American Society of Nephrology : JASN are provided here courtesy of American

Society of Nephrology
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Elevado risco cardiovascular
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Abstract

More than a decade ago, cardiovascular disease (CVD) was recognized as a major cause of death in

children with advanced CKD. This observation has sparked the publication of multiple studies assessing

cardiovascular risk, mechanisms of disease, and early markers of CVD in this population. Similar to

adults, children with CKD have an extremely high prevalence of traditional and uremia-related CVD risk

factors. Early markers of cardiomyopathy, such as left ventricular hypertrophy and dysfunction, and early

markers of atherosclerosis, such as increased carotid artery intima-media thickness, carotid arterial wall

stiffness, and coronary artery calcification, are frequently present in these children, especially those on

maintenance dialysis. As a population without preexisting symptomatic cardiac disease, children with

CKD potentially receive significant benefit from aggressive attempts to prevent and treat CVD. Early

CKD, before needing dialysis, is the optimal time to both identify modifiable risk factors and intervene in

an effort to avert future CVD. Slowing the progression of CKD, avoiding long-term dialysis and, if

possible, conducting preemptive transplantation may represent the best strategies to decrease the risk of

premature cardiac disease and death in children with CKD.

Current registry data from the National Center for Health Statistics indicate that overall mortality rates in

the general US pediatric population were 0.31 per 1000 population for children aged 1–19 years in 2008.

In contrast, these rates were 35.6 (dialysis) and 3.5 (transplant) per 1000 patient-years at risk for children

aged 0–19 years with ESRD according to 2006–2008 data from the US Renal Data System (USRDS).

These large discrepancies in mortality rates exist despite the widespread availability of state-of-the-art

renal replacement therapy and substantial advances in the care of children with CKD over the last 3

decades. Even more disturbing is the fact that for dialyzed children, all-cause mortality rates have not

changed significantly since the 1980s, with the highest rates reported in children on maintenance dialysis

who have never received a kidney transplant (Table 1). Furthermore, young adults developing ESRD

during childhood have a significantly diminished life expectancy. Upon reaching adulthood, dialysis

patients live 40–50 years less, and transplant patients live approximately 20–25 years less, compared with

an age- and- race-matched US population.

In 1998, the National Kidney Foundation Task Force on Cardiovascular Disease declared an epidemic of

cardiac disease in ESRD patients.  Cardiovascular disease (CVD) mortality was especially high in young

adults (aged 25–34 years) receiving maintenance dialysis, who died at a rate >100 times higher than the

comparably aged general population. Although the task force focused only on adults, it raised important

questions regarding pediatric patients with ESRD. Do they have cardiac disease? Do they die from cardiac

disease? If so, how significant is the problem? This review summarizes the most current literature

1
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ALTERAÇÕES CARDÍACAS NA DRC

• ALTERAÇÕES NA ESTRUTURA CARDÍACA

ALTERAÇÕES NA FUNÇÃO DIAST E SISTÓLICA

INSUF CARD E ARRITMIAS

• DISFUNÇÃO ENDOTELIAL, DISTENSABILIDADE ARTERIAL E CALCIFICAÇÃO

ATEROSCLEROSE E ARTERIOSCLEROSE



ECOCARDIOGRAFIA NA DRC

ALTERAÇÕES NA ESTRUTURA

• Hipertrofia ventricular esquerda (HVE)

• Alteração precoce, ainda em estadios 2-4 da DRC

• Massa ventricular > P95       (0,8 (1,04 (VEd+ SIVd+PPVEd)3- (Ved)3)) + 0,6g

• Espessura relativa das paredes (2x PPVEd/VEd)

Geometria ventricular

12

lar e parede poster ior (baseados na posição dos gr upos 

de músculos papilares) podem ser difíceis ao modo M 1. 

Refinamentos na tecnologia dos tr ansdutores e processa-

mento das imagens providenciaram, mais recentemente, 

imagens bidimensionais com melhor r esolução e deli -

neamento claro da inter face sangue – endocár dio. Por-

tanto, a forma recomendada para obter a medida do eixo 

curto do VE é pela imagem do eixo curto bidimensional, 

considerando-se uma média das medidas de 3 ciclos car -

díacos consecutivos (Figura 6). Idealmente, a combina-

ção dos planos de eixo longo e eixo curto pode ser usada 

para certificar-se que a medida do eixo curto do VE ou do 

eixo menor está perpendicular e cr uzando os pontos mé-

dios do septo inter ventricular e parede poster ior, e que a 

geometr ia é circular durante todo o ciclo car díaco. 

Os métodos volumétr icos bidimensionais r equerem 

qualidade de imagem do VE no plano paraesternal eixo 

curto, apical e/ ou subcostal, nas quais o compr imento 

do eixo maior e a área da borda endocárdica do VE po-

dem ser medidos. A borda basal é definida como a linha 

conectando os pontos de ar ticulação do anel da VM. O 

comprimento do VE é medido do ponto médio da bor da 

basal ao endocárdio apical, requerendo imagens claras 

dessa região, sem encur tamento do VE. A borda endocár-

dica é traçada manualmente, requerendo delineamento 

claro da inter face sangue-endocárdio (convencional-

mente, excluem-se os músculos papilar es quando se 

traceja as bordas endocárdicas, deixando-os incluídos 

no conteúdo sanguíneo). O método de S impson biplanar 

para calcular os volumes do VE pela somatór ia de dis-

cos equidistantes é usado com fr equência em adultos, 

com poucos dados validados com acurácia e r eprodu-

tibilidade em cr ianças. Ele consiste em tracejar a borda 

endocárdica do VE no plano apical de 4 e de 2 câmar as, 

usando a fórmula: 

onde V= volume é a fatia radial no eixo menor no plano 

apical de 4 câmaras, bi é a fatia radial no plano apical de 2 

câmaras, L é o comprimento do eixo maior do VE e N é o 

número de fatias (Figura 7). Alguns autores sugerem que 

o plano apical de 3 câmaras pode substituir o apical de 2 

câmaras .93,94 Em crianças com VE de formato anormal, 

o algoritmo do Simpson modificado, usando a combina-

ção dos planos de eixos curto e longo pode ser melhor do 

que o algoritmo biapical descrito acima95, 96. O volume 

do VE pode também ser medido pela área-comprimento, 

ou método bala (bullet), usando a fórmula V= 5/ 6 x área 

basal do eixo curto x comprimento do VE (Figura 8) .97 

Aqui, a área basal do eixo curto é medida pelo plano pa-

raesternal ou subcostal, e o comprimento do VE é medido 

no plano apical de 4 câmaras ou no plano subcostal de 

eixo longo. O método da elipse truncada é similar ao da 

área-comprimento, com uma pequena diferença na fór-

mula requerendo uma medida adicional do diâmetro do 

eixo menor do VE no plano apical de 4 câmaras. 

A massa do VE pode ser calculada pelo modo-M ou me -

dições lineares ao 2D 98-100 e esta abordagem foi extensa-

mente utilizada em ensaios clínicos em adultos e estudos 

epidemiológicos.1,100 Os métodos também for am utiliza-

dos em cr ianças101-103, apesar de a acurácia e a r eprodu-

tibilidade serem limitadas, principalmente em cr ianças 

pequenas. O mais comum é medir os volumes utilizando 

apenas um dos métodos discutidos pr eviamente. A mas-

sa do VE é então calculada pela subtr ação do volume 

endocárdico do volume epicárdico e multiplicando esta 

diferença (o volume endocárdico) por 1,05g/ ml, que cor -

responde à densidade específica do miocár dio. O volume 

e a massa do VE também podem ser medidos utilizando 
V ¼

p

4

XN

i¼1

ai bi

L

N
;

where V is volume, ai is the minor-axis slice radius in the apical 4-

chamber view, bi isthe minor-axisslice radius in the apical 2-chamber

view, L is the LV major-axis length, and N is the number of slices

(Figure 7). Some have suggested that the apical 3-chamber view

can be substituted for the apical 2-chamber view.93,94 In children

with abnormally shaped left ventricles, the modified Simpson

algorithm using a combination of short-axis and long-axis views

may be better than the biapical algorithm described above.95,96 LV

volume can also be measured with the area-length or bullet method

using the formula V = 5/6 short-axis basal area LV length

(Figure8).97 Here, theshort-axisbasal areaismeasured from paraster-

nal or subxiphoid short-axis views, and LV length is measured from

apical 4-chamber or subxiphoid long-axisviews. The truncated ellipse

method issimilar to the area-length method, with a somewhat differ-

ent formula requiring the additional measurement of the LV minor-

axis diameter from an apical 4-chamber view.

LV mass can be calculated from M-mode or 2D linear measure-

ments,98-100 and this approach has been used extensively in adult

clinical trials and epidemiologic studies.1,100 It has been used in

children,101-103 though accuracy and reproducibility data, especially in

infants, are scant. The most common method is to measure volumes

using one of the approaches discussed previously. LV mass is then

calculated by subtracting the endocardial volume from the epicardial

volume and multiplying this difference (the myocardial volume) by

1.05 g/mL, the myocardial-specific density. LV volume and mass can

also bemeasured using3D echocardiography,and growingexperience

suggests that better accuracy can be achieved compared with 2D

methods when MRI isused as the gold standard.104-108 Initial reports

in pediatrics are encouraging,109,110 particularly considering that 3D

echocardiography does not rely on geometric assumptions, an

important advantage in patients with CHD and abnormally shaped

ventricles. However, the feasibility, applicability, and reproducibility of

thisapproach in clinical practice warrant further investigation.

LV systolic function can be evaluated as pump function (global

chamber performance) or myocardial function (performance of car-

diac myofibers). Global systolic pump function isdependent on myo-

cardial force generation characteristics (contractility) as well as

preload, afterload, and heart rate, whereasmyocardial function repre-

sents myocardial contractility independent of loading conditions and

heart rate. Numerousechocardiographic methodshave been used to

evaluate both properties of LV systolic function, and these can be di-

vided into geometric and nongeometric parameters. Geometric pa-

rameters require LV dimension or volume measurements and are

influenced by LV shape. Nongeometric parameters do not require

these measurements, are not affected by LV shape, and rely on

Doppler echocardiography and other techniques.

The most commonly used geometric parameters of global LV sys-

tolic function are the linear shortening fraction (SF), fractional area

change, and the volumetric ejection fraction (EF). These methods

are affected by loading conditions, but fractional area change and

EF are less sensitive to abnormal chamber geometry and regional

Figure 7 Simpson biplane method for calculating LV volume.

Figure 8 (A) Area-length method for calculating left ventricular
volume, (B) left ventricular length in a subxiphoid long-axis
view at end-diastole, and (C) left ventricular basal area in a sub-
xiphoid short-axis view at end-diastole. CSA, Cross-sectional
area; LA, left atrium; LV, left ventricle; RA, right atrium; RV, right
ventricle.
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diastole; hence, theDoppler profilesused in thesecalculationsactually

represent flow toward the transducer rather than true flow acrossthe

MV annulus.

Recom m endations (Table3): Therecom m ended m ethods

to assess M V infl ow include m easurem ents of E-w ave and

A-w ave velocities, A-w ave duration, deceleration tim e,

and IVRT and calculation of the E/ A ratio.

Left Ventricle

Morphometric Evaluation. Measurements of LV size and func-

tion are essential in the assessment of patientswith congenital and ac-

quired heart diseases.11 Although qualitative visual inspection might

be adequate, it can be misleading, isprone to interobserver and inter-

study variability, and relieson the skill of the interpreter.88 Given the

impact of quantitative data on diagnosis and management,89,90 the

importance of accurate, reproducible LV measurements cannot be

overstated. Although published ASE recommendations for chamber

quantification in adults1 have been used extensively in children,

data on the accuracy and reproducibility of these measurements in

pediatricsare scant. In addition, there are limitations to the published

methods adjusting for body size in adults as discussed previously.15

Several linear and volumetric methodsto assessLV sizehavebeen de-

scribed and integrated into routine clinical practice, each with distinct

advantages and weaknesses, and these are discussed in this section.

In general, LV sizeshould bemeasured duringboth diastoleand sys-

tole,definingend-diastoleastheframewith themaximum chamber in-

traluminal area and end-systole as the frame with the minimum area.

However, these definitionsareproblematic because they rely on visual

estimatesof areasrather than aquantitative frame-by-frameanalysis. In

addition, the minimum area occursat different timesin short-axisand

long-axis views. During isovolumic contraction, the long axis first

shortensand then elongates(thereverseprocessoccursduringisovolu-

mic relaxation). In contrast, the short-axisarea first increasesand then

decreasesprogressively duringisovolumiccontraction.Given theselim-

itations, end-diastole can be defined as the frame at which the MV

closesand end-systole asthe frame preceding MV opening.

Short-axisor minor-axismeasurementsof LV internal diameter and

septal and posterior wall thickness can be obtained in parasternal

views (Figure 6), though occasionally these measurements are avail-

able only in subxiphoid views. The maximum short-axis dimension

isoften located at the level of the MV leaflet tipsor chordae in young

patientsand moreapically at the level of thepapillary musclesin older

patients and some adults. It is important to note that linear measure-

mentscharacterize LV size only in one dimension and may misrepre-

sent an abnormally shaped chamber. Short-axis diameters should be

considered asurrogate for LV size only when the LV short-axisgeom-

etry iscircular,acondition often not met in patientswith CHD or other

abnormal hemodynamicstates.Linear measurementscan beobtained

from long-axis or short-axis views and from M-mode tracings or 2D

images. The ASE guidelines for adults recommend linear minor-axis

measurements of the left ventricle in parasternal long-axis views be-

cause thisensures a perpendicular orientation between the measure-

ment and theLV longaxis.1,85 In addition, limited parasternal windows

can overestimate minor-axisdiameterswith oblique measurements in

apically located short-axis views, a problem not seen with long-axis

views in nonstandard parasternal locations. However, a long-axis

view does not account for the lateral motion of the left ventricle

seen in many children and it does not guarantee circular LV short-

axis geometry throughout the cardiac cycle. It also forces the use of

a single diameter, in contrast to the multiple diameters available

from 2D short-axis images. Consequently, the short-axis view is the

recommended approach becauseit allowsoneto choosethediameter

with thebest blood-endocardium interface,adefiniteadvantage when

dealingwith LV trabeculations. In addition, normal pediatric datafrom

M-mode short-axis viewsare available.15,91,92

M-mode echocardiography hasprovided better temporal and spa-

tial resolution than 2D imaging in the past. However, M-mode mea-

surements in long-axis views can overestimate LV minor-axis

diameterscompared with 2D measurements.85 In addition, measure-

ments along a line crossing the midpoints of the ventricular septum

and posterior wall (on the basisof the location of the papillary muscle

groups) can be difficult by M-mode.1 Refinements in transducer tech-

nology and imageprocessinghaverecently provided 2D imagingwith

improved resolution and clear delineation of the blood-endocardium

interface. Therefore, 2D short-axis imaging is the recommended ap-

proach to obtain LV short-axismeasurementsaveraged over 3 consec-

utive cardiac cycles(Figure 6). Ideally, acombination of long-axisand

short-axis views should be used to ascertain that the short-axis or

minor-axis measurement is perpendicular to and crosses the mid-

points of the ventricular septum and posterior wall and that the LV

short-axis geometry iscircular throughout the cardiac cycle.

Two-dimensional volumetric methods require quality LV images

from parasternal short-axis, apical, and/or subxiphoid views in which

theLV major-axis length and areaof the LVendocardial border can be

measured. The basal border isdefined asthe line connecting the MV

annular hingepoints. TheLV length ismeasured from thebasal border

midpoint to the apical endocardium, requiringclear imagesof theapi-

cal endocardium without foreshortening the left ventricle. The endo-

cardial border is traced manually, requiring clear delineation of the

blood-endocardium interface (convention excludes the papillary

muscleswhen tracing the endocardial border, leaving them included

in the blood pool). The biplane Simpson method to calculate LV vol-

umesby summation of equidistant disks isused frequently in adults,

with few datavalidating itsaccuracy and reproducibility in children. It

involves tracing the LV endocardial border in apical 4-chamber and

2-chamber views and using the formula

Figure 6 Left ventricular minor-axis (short-axis) measurements
of internal diameter (LVEDD), posterior wall thickness (PWT),
and septal wall thickness (ST) in a parasternal short-axis view
at end-diastole. RV, Right ventricle.
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Figura 6: Medida do diâmetro interno do eixo menor (eixo curto) do 
ventrículo esquerdo (LVEDD), espessura da parede posterior do VE 
(PWT), e espessura do septo (ST) no plano paraesternal eixo curto, ao 
fim da diástole. RV= ventrículo direito; 

V ¼
p

4

XN

i¼1

ai bi

L

N
;

where V is volume, ai is the minor-axis slice radius in the apical 4-

chamber view, bi isthe minor-axisslice radius in the apical 2-chamber

view, L is the LV major-axis length, and N is the number of slices

(Figure 7). Some have suggested that the apical 3-chamber view

can be substituted for the apical 2-chamber view.93,94 In children

with abnormally shaped left ventricles, the modified Simpson

algorithm using a combination of short-axis and long-axis views

may be better than the biapical algorithm described above.95,96 LV

volume can also be measured with the area-length or bullet method

using the formula V = 5/6 short-axis basal area LV length

(Figure8).97 Here, theshort-axisbasal areaismeasured from paraster-

nal or subxiphoid short-axis views, and LV length is measured from

apical 4-chamber or subxiphoid long-axisviews. The truncated ellipse

method issimilar to the area-length method, with a somewhat differ-

ent formula requiring the additional measurement of the LV minor-

axis diameter from an apical 4-chamber view.

LV mass can be calculated from M-mode or 2D linear measure-

ments,98-100 and this approach has been used extensively in adult

clinical trials and epidemiologic studies.1,100 It has been used in

children,101-103 though accuracy and reproducibility data, especially in

infants, are scant. The most common method is to measure volumes

using one of the approaches discussed previously. LV mass is then

calculated by subtracting the endocardial volume from the epicardial

volume and multiplying this difference (the myocardial volume) by

1.05 g/mL, the myocardial-specific density. LV volume and mass can

also bemeasured using3D echocardiography,and growingexperience

suggests that better accuracy can be achieved compared with 2D

methodswhen MRI isused as the gold standard.104-108 Initial reports

in pediatrics are encouraging,109,110 particularly considering that 3D

echocardiography does not rely on geometric assumptions, an

important advantage in patients with CHD and abnormally shaped

ventricles. However, the feasibility, applicability, and reproducibility of

thisapproach in clinical practice warrant further investigation.

LV systolic function can be evaluated as pump function (global

chamber performance) or myocardial function (performance of car-

diac myofibers). Global systolic pump function isdependent on myo-

cardial force generation characteristics (contractility) as well as

preload, afterload, and heart rate, whereasmyocardial function repre-

sents myocardial contractility independent of loading conditions and

heart rate. Numerousechocardiographic methodshave been used to

evaluate both properties of LV systolic function, and these can be di-

vided into geometric and nongeometric parameters. Geometric pa-

rameters require LV dimension or volume measurements and are

influenced by LV shape. Nongeometric parameters do not require

these measurements, are not affected by LV shape, and rely on

Doppler echocardiography and other techniques.

The most commonly used geometric parameters of global LV sys-

tolic function are the linear shortening fraction (SF), fractional area

change, and the volumetric ejection fraction (EF). These methods

are affected by loading conditions, but fractional area change and

EF are less sensitive to abnormal chamber geometry and regional

Figure 7 Simpson biplane method for calculating LV volume.

Figure 8 (A) Area-length method for calculating left ventricular
volume, (B) left ventricular length in a subxiphoid long-axis
view at end-diastole, and (C) left ventricular basal area in a sub-
xiphoid short-axis view at end-diastole. CSA, Cross-sectional
area; LA, left atrium; LV, left ventricle; RA, right atrium; RV, right
ventricle.
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V ¼
p

4

XN

i¼1

ai bi

L

N
;

where V is volume, ai is the minor-axis slice radius in the apical 4-

chamber view, bi isthe minor-axisslice radius in the apical 2-chamber

view, L is the LV major-axis length, and N is the number of slices

(Figure 7). Some have suggested that the apical 3-chamber view

can be substituted for the apical 2-chamber view.93,94 In children

with abnormally shaped left ventricles, the modified Simpson

algorithm using a combination of short-axis and long-axis views

may be better than the biapical algorithm described above.95,96 LV

volume can also be measured with the area-length or bullet method

using the formula V = 5/6 short-axis basal area LV length

(Figure 8).97 Here, theshort-axisbasal areaismeasured from paraster-

nal or subxiphoid short-axis views, and LV length is measured from

apical 4-chamber or subxiphoid long-axisviews. The truncated ellipse

method issimilar to the area-length method, with a somewhat differ-

ent formula requiring the additional measurement of the LV minor-

axis diameter from an apical 4-chamber view.

LV mass can be calculated from M-mode or 2D linear measure-

ments,98-100 and this approach has been used extensively in adult

clinical trials and epidemiologic studies.1,100 It has been used in

children,101-103 though accuracy and reproducibility data, especially in

infants, are scant. The most common method is to measure volumes

using one of the approaches discussed previously. LV mass is then

calculated by subtracting the endocardial volume from the epicardial

volume and multiplying this difference (the myocardial volume) by

1.05 g/mL, the myocardial-specific density. LV volume and mass can

also bemeasured using3D echocardiography,and growingexperience

suggests that better accuracy can be achieved compared with 2D

methods when MRI isused as the gold standard.104-108 Initial reports

in pediatrics are encouraging,109,110 particularly considering that 3D

echocardiography does not rely on geometric assumptions, an

important advantage in patients with CHD and abnormally shaped

ventricles. However, the feasibility, applicability, and reproducibility of

thisapproach in clinical practice warrant further investigation.

LV systolic function can be evaluated as pump function (global

chamber performance) or myocardial function (performance of car-

diac myofibers). Global systolic pump function isdependent on myo-

cardial force generation characteristics (contractility) as well as

preload, afterload, and heart rate, whereasmyocardial function repre-

sentsmyocardial contractility independent of loading conditions and

heart rate. Numerousechocardiographic methodshave been used to

evaluate both properties of LV systolic function, and these can be di-

vided into geometric and nongeometric parameters. Geometric pa-

rameters require LV dimension or volume measurements and are

influenced by LV shape. Nongeometric parameters do not require

these measurements, are not affected by LV shape, and rely on

Doppler echocardiography and other techniques.

The most commonly used geometric parameters of global LV sys-

tolic function are the linear shortening fraction (SF), fractional area

change, and the volumetric ejection fraction (EF). These methods

are affected by loading conditions, but fractional area change and

EF are less sensitive to abnormal chamber geometry and regional

Figure 7 Simpson biplane method for calculating LV volume.

Figure 8 (A) Area-length method for calculating left ventricular
volume, (B) left ventricular length in a subxiphoid long-axis
view at end-diastole, and (C) left ventricular basal area in a sub-
xiphoid short-axis view at end-diastole. CSA, Cross-sectional
area; LA, left atrium; LV, left ventricle; RA, right atrium; RV, right
ventricle.
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Figura 7: Método biplanar de Simpson para o cálculo do volume do VE.



GEOMETRIA VENTRICULAR

• HVE EXCÊNCTRICA (MV>, Espessura relativa N)

• Hipervolémia

• Anemia

• Fístulas

• HVE CONCÊNCTRICA (MV> e Espessura relativa >)

• HTA

• Arteriosclerose

Podem coexistir no mesmo doente em fases diferentes 

da doença
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is height raised to an exponential power of 2.7. The purpose of this study was to establish a

normal value for the pediatric age group and to determine how, if at all, LVM/height(2.7) varies in

children.

M-mode echocardiography was performed in 2,273 nonobese, healthy children
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percentile). However, for patients aged < 9 years, the index varies with age, and therefore,

measured LVM/height(2.7) must be compared with percentile curves, which are provided. This

variation in LVM/height(2.7) in younger children indicates that a better indexing method is

needed for this age group. Nevertheless, these data are valuable in that they provide normal

values with which patient data can be compared.
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ECOCARDIOGRAFIA NA DRC

ALTERAÇÕES NA FUNÇÃO

• Disfunção diastólica (precoce)

• Diminuição do relaxamento e aumento da pressão de enchimento 

ventricular

• Disfunção sistólica    



ECOCARDIOGRAFIA NA DRC

 Disfunção diastólica

• Fluxo Doppler VM (pressão auricular e hipervolémia)

• Dimensões AE 

• Dimensões do VE

• ECO tecidular - TDI e Strain



FLUXO DOPPLER TRANSMITRAL

E/A>=1 E/A<1



DOPPLER /TDI MITRAL



ECOCARDIOGRAFIA NA DRC

 Disfunção sistólica

• Global:

• Fracção de encurtamento (FS)

• Fracção de ejecção (FE)

• Avaliação do débito cardíaco

• Miocárdica:

• Strain e strain rate



FRACÇÃO ENCURTAMENTO

%FS = (LVEDD – LVESD)/LVEDD x100

Limitações:

• Movimentos anómalos do SIV

• Alterações regionais da função

• Geometria ventricular (ex: HVE)

• Varia com as condições de 

carga



FRACÇÃO EJECÇÃO

FE= (LVEDV-LVESV)/LVEDV x 100 

• Mais demorada do que FS

• Vantagem se alt regional

• Geometria ventricular (=)

• Dependente Carga  (=)

Método de Simpson´s (2D)



VTI aórtico
 VTI aórtico – Distância percorrida pelo volume de ejecção (cm)

 Apical 5 câmaras (supraesternal)

 Volume de ejecção – VTI x área de saída do VE



ECO TECIDULAR



ECOCARDIOGRAFIA NA DRC

• Calcificação valvular 

• Derrame pericárdico e espessamento pericárdico



PLANO DE AVALIAÇÃO POR ECO

• PRÉ DIÁLISE

• 1-3M APÓS ÍNICIO

• 6/6M  SE ALTERAÇÕES

• ANUAL SE NORMAL

• MANTER AVALIAÇÕES APÓS TRANSPLANTE



CONCLUSÃO

• Os factores de risco cardiovasculares são frequentes nos doentes renais.

• As alterações cardíacas estão presentes desde a infância.

• É importante o controlo intensivo de todos os factores para diminuir o risco cardiovascular.

• O risco mantém-se mesmo após a transplantação.

• O apoio da especialidade deve ser uma constante


