
RIC 06___Vol 71___November-December'19___V05.indd   387 4/12/19   7:04



388

REV INVEST CLIN. 2019;71:387-92

with worsening of the relaxation and distensibility of 

the ventricle. As the disease progresses, necrosis of 

the myocytes is produced (in part by the direct toxic 

effect of the amyloid), with the development of inter-

stitial fibrosis; as a result of all these phenomena, in 

the advanced phases of the disease, there may be 

deterioration of systolic function4. The increase in 

pressure generates restrictive physiology in the most 

advanced phases, with important atrial enlargement5.

Left atrial (LA) enlargement is a reliable predictor of 

adverse cardiovascular events in patients without a 

history of atrial fibrillation or significant valve disease. 

The relationship between atrial volume and atrial di-

ameter is non-linear, and it has been confirmed that 

volume is a superior measurement to diameter to 

predict cardiovascular events such as atrial fibrilla-

tion6-10. In the general population, it has also been 

demonstrated that atrial diameter is an independent 

predictor of mortality11. Studies have recently been 

published about LA function determined by magnetic 

resonance and its prognostic value in patients with 

amyloidosis. In multivariate analysis, a low atrial ejec-

tion fraction was maintained as an independent risk 

factor for mortality at 2 years12,13.

The characterization and evaluation of LA volume and 

function in patients with hereditary ATTR with car-

diac involvement are important because, through de-

tection of atrial dysfunction, it is possible to establish 

a prognosis in the presence of potential cardiovascu-

lar complications. The majority of studies published 

to date have been performed in patients with primary 

amyloidosis or heterogeneous groups with various 

types of amyloidosis, and there are no studies done 

in Mexican population.

METHODS

This study was carried out in the period from March 

2016 to June 2017, in the Radiology and Image De-

partment of the Instituto Nacional de Ciencias Médi-

cas y Nutrición Salvador Zubirán, a referral academic 

hospital. We included all consecutive patients who 

met the following inclusion criterion: confirmed diag-

nosis of hereditary ATTR (the diagnosis was con-

firmed in all patients using genetic testing). The ex-

clusion criteria were: patients under 18 years old, 

chronic kidney disease with creatinine clearance <30 

mL/min/1.73m2 (calculated using the Modification of 

Diet in Renal Disease formula), or amyloidosis other 

than hereditary ATTR.

Cardiac magnetic resonance (CMR)

CMR was performed with a commercially available 

1.5T scanner (Signa, General Electric, Milwaukee, 

WIS). The studies were conducted following the pro-

tocol used by the cardiovascular imaging service: with 

the patient in supine position and with 8-channel 

cardiac coil placed on the anterior thorax of the pa-

tient; fast imaging employing steady-state acquisi-

tion (FIESTA) locator, calibration, and real-time se-

quences (Fast gradient echo [GRE]-ET) were 

performed. GRE cinema sequences (FIESTA) in 2, 3, 

and 4 chamber views and short axis were acquired 

over periods of apnea with electrocardiographically 

gating. The mean number of phases was between 25 

and 30, which were variable according to the cardiac 

frequency, to reach a constant time resolution. Fur-

thermore, short T1 inversion recovery (IR) (fast spin 

echo [FSE]-IR T2) sequences were performed, as well 

as double IR sequences (FSE-XL T1).

For the evaluation of late gadolinium enhancement 

(LGE), T1-weighted sequences (Fast GRE IR prepared) 

were used 10 min after intravenous injection of gado-

butrol 0.2 mmol/kg weight (Gadovist 1 mmol/ml, 

Bayer Schering Pharma, Mexico); the inversion time 

for a complete myocardial nulling was optimized using 

a TI scout sequence.

All the CMR images were analyzed using commer-

cially available software GE Report CARD 4.0. To ob-

tain the ejection fraction in the different atrial phases, 

atrial volumes were calculated in 2 and 4 chamber 

FIESTA views by the biplane area-length method. For 

the biplane area-length method, semi-automated seg-

mentation of the LA was performed in the 2- and 

4-chamber view; LA volumes were calculated using the 

following equation: 0.85 × 4 chamber area × 2 cham-

ber area/Lmin (shorter long-axis length of the left 

atrium). The maximal (LAVmax) and minimal (LAV-

min) atrial volumes were obtained immediately before 

mitral opening and at the close of the mitral valve, 

respectively; pre-atrial contraction (pre-A) volume 

was obtained before the second diastolic opening of 

the mitral valves12,14-16.
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Pulmonary veins and LA appendage were excluded 

from the measurements of atrial volume. According 

to the recommendations in various publications, all 

volumes were indexed by body surface area obtained 

by Mosteller formula. Atrial ejection fractions were 

obtained using the following formulas with indexed 

volumes12: 

LAEF total = (LAVmax−LAVmin)/LAVmax * 100

LAEF passive = (LAVmax−LAVpre-A)/LAVmax * 100

LAEF contractile = (LAVpre-A−LAVmin)/LAVpre-A * 100

The patients were divided into two groups according 

to the results of the CMR: (1) group with cardiac 

amyloidosis, defined as a CMR with global subendo-

cardial LGE in a non-coronary artery territory distribu-

tion, global transmural pattern homogeneous or het-

erogeneous, patchy focal LGE, suboptimal nulling 

despite the use of a TI scout; and (2) group without 

cardiac amyloidosis, defined as a CMR negative for 

LGE3,17,18.

Statistical analysis

Descriptive statistics were used for baseline charac-

teristics; for quantitative variables with normal distri-

bution, mean and standard deviation were used, and 

for variables with free distribution, medians with 

minimum and maximum were used, while percentages 

were used for qualitative variables. In the comparison 

of groups, variables with normal distribution used Stu-

dent’s t-test, for variables with non-normal distribu-

tion the Mann–Whitney U-test, and for categoric 

variables, Chi-square squared was used (Pearson or 

Fisher depending on the expected values). p < 0.05 

was considered statistically significant. For statistical 

analysis, the program SPSS Statistics version 22.0 

(IBM Corporation) was used.

RESULTS

Study population and baseline 
characteristics

This study included a total of 30 patients, of whom 

16 (53%) showed cardiac involvement. The greater 

percentage of patients was female both in the group 

without amyloidosis and the group with amyloidosis, 

57.1% and 75%, respectively, without finding statisti-

cal significance between groups. The mean age was 

similar in both groups, 44 and 45 years, without sig-

nificant difference (p = 0.87). There were also no 

differences observed between groups regarding body 

mass index or body surface area, p = 0.15 and 0.5, 

respectively. Comorbidities most frequently found in 

both groups were dyslipidemia and hypothyroidism, 

with predominance in the group without amyloidosis, 

with 2 and 4 cases, respectively; however, no signifi-

cant differences were observed between groups. De-

mographic and clinical characteristics are summarized 

in Table 1.

CMR left ventricle volumes  
and function

Left ventricle volumes and ejection fraction were 

within the normal range when indexed for body sur-

face area, both in the group with and in the group 

without cardiac amyloidosis19,20. There were no sta-

tistically significant differences between the two 

groups (Table 1).

CMR LA volumes and function

LA volumes (indexed for body surface area) and pha-

sic (reservoir, conduit, and pump) functions also were 

within the normal range in both groups. There were 

statistically significant differences between the two 

groups with regard to maximum, minimum, and pre-

atrial contraction LA volumes, with higher volumes in 

the cardiac amyloidosis group (maximum indexed LA 

volume, 26 mL vs. 35.9 mL, p = 0.03; minimum in-

dexed LA volume, 10.7 mL vs. 13.6 mL, p = 0.03; and 

indexed pre-atrial contraction volume, 17 mL vs. 22.4 

mL, p = 0.03). There were no statistically significant 

differences in LA phasic (reservoir, conduit, and pump) 

function between the two groups (Table 2).

DISCUSSION

The objective of this study was to characterize LA 

volumes, as well as LA function, in patients with he-

reditary ATTR. It has been demonstrated in previous 
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studies that a reduction in LA function in patients with 

amyloidosis is an independent risk factor for mortal-

ity at 2 years, and to date, the reports on atrial func-

tion determined by CMR in patients with amyloidosis 

have been performed in primary amyloidosis (amyloid 

light [AL), but none have been performed specifically 

in patients with hereditary ATTR12,13.

In this study, statistically significant differences were 

found between both groups in regard to maximum, 

minimum, and pre-atrial contraction volume, with p = 

0.03, 0.03, and 0.03, respectively, finding greater in-

dexed LA volumes in the group with cardiac amyloi-

dosis, which agrees with the findings of Mohty et al., 

who documented greater indexed atrial volumes in 

patients with AL compared with patients without car-

diac amyloidosis (p < 0.0001)13.

Regarding LA ejection fraction, both total and re-

serve, passive or conduct, as well as active or pump, 

no statistically significant differences were noted, 

with p = 0.25, 0.95, and 0.14, respectively. In both 

groups, the mean ejection volumes found were with-

in the reference limits published20,21.

Finally, no statistically significant differences were 

found in the various ejection fractions between 

groups, with p = 0.55, 0.39, and 0.97 for total ejec-

tion fraction (reserve), passive (conduct), and active 

(pump), respectively. As in the case of ejection frac-

tions, the mean of the various ejection fractions was 

also found within the reference limits. This finding is 

different from that reported by Kwong et al. and by 

Mohty et al., who observed lower total ejection frac-

tions in patients with AL with cardiac involvement, 

with p = 0.0006 in the study by Kwong et al., and p 

< 0.0001 in the study by Mohty et al.; however, it 

should be noted that in both studies, the majority 

or all patients were diagnosed with AL and only one 

patient with hereditary ATTR was included in the 

study by Kwong et al. In addition, in those studies, 

the proportion of atrial enhancement in patients 

with cardiac amyloidosis was greater than in the 

control groups, and the infiltration of the atrial 

Table 1. Demographic, clinical, and CMR characteristics of patients with hereditary transthyretin amyloidosis (ATTR)

Clinical data Without cardiac hereditary 
ATTR (n = 14)

With cardiac hereditary  
ATTR (n = 16)

p (Student’s t-test)

Age (years) 44 (±19)* 45 (±11)* 0.87

Female sex 8 (57.1) 12 (75) 0.44**

BMI (kg/m2) 26 (±4.7)* 24 (±3.9)* 0.15

BSA (Mosteller) 1.81 (±0.25)* 1.65 (±0.19)* 0.05

Comorbidities

DM type 2 1 (7.1) 0 (0) 0.46**

CKD 1 (7.1) 0 (0) 0.46**

Arterial hypertension 1 (7.1) 1 (6.3) 1.0**

Hypothyroidism 2 (14.3) 1 (6.3) 0.58**

Dyslipidemia 4 (28.6) 1 (6.3) 0.15**

CMR

LV EDV (ml) 100.8 (±30)* 102.8 (±17.9)* 0.82

LV EDV index (mL/m2) 55.4 (±15)* 63.2 (±14.7)* 0.16

LV ESV (mL) 36 (±13)* 38.3 (±12.7)* 0.63

LV ESV index (mL/m2) 19.9 (±7)* 23.6 (±8.8)* 0.22

LVEF (%) 64 (±5)* 63 (±8)* 0.67

*Mean (± Standard deviation).**Fisher’s exact test. BMI: body mass index; BSA: body surface area; CMR: cardiac magnetic resonance;  
DM: diabetes mellitus; CKD: chronic kidney disease; LV EDV: left ventricular end-diastolic volume; LV ESV: left ventricular end-systolic volume; 
LVEF: left ventricular ejection fraction; ATTR: amyloid transthyretin.
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myocardium may have contributed to a decrease in 

LA function, which has been shown to be an inde-

pendent predictor of outcome in the AL popula-

tion12,13,21.

Our study suggests that patients with hereditary 

ATTR with cardiac involvement show LA remodeling, 

with increased atrial volume in its various phases. 

However, no alteration was shown in ejection vol-

umes and fractions, which may have implications in 

the better prognosis of these patients compared 

with AL cardiac involvement, with a median survival 

from diagnosis of 3 to 5 years versus <12 months, 

respectively3.

Within the limitations of this study are the fact that 

it is a secondary analysis of a cohort of patients 

with hereditary ATTR, so it was not specifically de-

signed considering the object of the study, and the 

LA measurements were made using the biplane 

area-length method which underestimates atrial 

volumes compared with the short-axis method14,15. 

Another limitation is that the control group con-

sisted of patients with hereditary ATTR, but with-

out data of myocardial involvement determined by 

CMR, and is not a control group of healthy individu-

als. However, we decided to perform this study 

since to date; nothing has been published on pa-

tients exclusively with hereditary ATTR evaluated 

by CMR.

Studies are required that are specifically designed to 

establish the clinical and prognostic potential of mea-

suring LA volumes and function in various phases us-

ing the short-axis method in patients with hereditary 

ATTR.

REFERENCES

 1. Rapezzi C, Quarta CC, Riva L, Longhi S, Gallelli I, Lorenzini M, et 
al. Transthyretin-related amyloidoses and the heart: a clinical 
overview. Nat Rev Cardiol. 2010;7:398-408.

 2. Ruberg FL, Grogan M, Hanna M, Kelly JW, Maurer MS. Trans-
thyretin amyloid cardiomyopathy: jacc state-of-the-art review. 
J Am Coll Cardiol. 2019;73:2872-91.

 3. Dungu JN, Valencia O, Pinney JH, Gibbs SD, Rowczenio D, Gilb-
ertson JA, et al. CMR-based differentiation of AL and ATTR 
cardiac amyloidosis. JACC Cardiovasc Imaging. 2014;7:133-42.

 4. Brenner DA, Jain M, Pimentel DR, Wang B, Connors LH, Skinner 
M, et al. Human amyloidogenic light chains directly impair car-
diomyocyte function through an increase in cellular oxidant 
stress. Circ Res. 2004;94:1008-10.

 5. Shah KB, Inoue Y, Mehra MR. Amyloidosis and the heart: a com-
prehensive review. Arch Intern Med. 2006;166:1805-13.

 6. Tsang TS, Abhayaratna WP, Barnes ME, Miyasaka Y, Gersh BJ, 
Bailey KR, et al. Prediction of cardiovascular outcomes with left 
atrial size: is volume superior to area or diameter? J Am Coll 
Cardiol. 2006;47:1018-23.

 7. Abhayaratna WP, Seward JB, Appleton CP, Douglas PS, Oh JK, 
Tajik AJ, et al. Left atrial size: physiologic determinants and 
clinical applications. J Am Coll Cardiol. 2006;47:2357-63.

Table 2. Phasic left atrial volume and ejection fraction in patients with hereditary ATTR

CMR measurements Without cardiac hereditary 
ATTR (n = 14)

Median (Min-Max)

With cardiac hereditary  
ATTR (n = 14)

Median (Min-Max)

p (Mann–Whitney U-test)

LAV max (mL) 46.8 (34.7-98.1) 56.9 (33.6-99.6) 0.14

LAV max index (mL/m2) 26 (18.8-50.8) 35.9 (18.1-66.4) 0.03

LAV min (mL) 20.8 (13.1-44.7) 23.6 (6.8-57.3) 0.22

LAV min index (mL/m2) 10.7 (7.8-24.3) 13.6 (3.7-38.2) 0.03

LAV pre-A (mL) 31 (18.2-59) 38.8 (21.1-77.8) 0.16

LAV pre-A index (mL/m2) 17 (10.7-32) 22.4 (12.4-43.3) 0.03

LAEV total [Reservoir] (mL) 16.8 (±7.4)* 19.7 (±6.3)* 0.25**

LAEF total AI [Reservoir] (%) 57 (±11)* 54 (±13)* 0.55**

LAEV passive [Conduit] (mL) 9.4 (2.2-26.7) 9.5 (5.6-25.1) 0.95

LAEF passive [Conduit] (%) 35 (±13)* 31 (±11)* 0.39**

LAEV active [Pump] (mL) 6.9 (2.1-9.6) 8.1 (2.7-18.7) 0.14

LAEF Active [Pump] (%) 33 (±9)* 34 (±16)* 0.97**

*Mean (± Standard deviation). 
**Student’s t-test. 
LAV: left atrial volume; max: maximal; min: minimal; pre-A: pre-atrial contraction;  
LAEV: left atrial ejection volume; LAEF: left atrial ejection fraction; ATTR: amyloid transthyretin.

RIC 06___Vol 71___November-December'19___V05.indd   391 4/12/19   7:04



392

REV INVEST CLIN. 2019;71:387-92

 8. Vaziri SM, Larson MG, Benjamin EJ, Levy D. Echocardiographic 
predictors of nonrheumatic atrial fibrillation. The Framingham 
heart study. Circulation. 1994;89:724-30.

 9. Psaty BM, Manolio TA, Kuller LH, Kronmal RA, Cushman M, Fried 
LP, et al. Incidence of and risk factors for atrial fibrillation in 
older adults. Circulation. 1997;96:2455-61.

 10. Tani T, Tanabe K, Ono M, Yamaguchi K, Okada M, Sumida T, et 
al. Left atrial volume and the risk of paroxysmal atrial fibrillation 
in patients with hypertrophic cardiomyopathy. J Am Soc Echo-
cardiogr. 2004;17:644-8.

 11. Gardin JM, McClelland R, Kitzman D, Lima JA, Bommer W, Klop-
fenstein HS, et al. M-mode echocardiographic predictors of six 
to seven-year incidence of coronary heart disease, stroke, con-
gestive heart failure, and mortality in an elderly cohort (the 
cardiovascular health study). Am J Cardiol. 2001;87:1051-7.

 12. Kwong RY, Heydari B, Abbasi S, Steel K, Al-Mallah M, Wu H, et 
al. Characterization of cardiac amyloidosis by atrial late gado-
linium enhancement using contrast-enhanced cardiac magnetic 
resonance imaging and correlation with left atrial conduit and 
contractile function. Am J Cardiol. 2015;116:622-9.

 13. Mohty D, Boulogne C, Magne J, Varroud-Vial N, Martin S, Ettaif 
H, et al. Prognostic value of left atrial function in systemic light-
chain amyloidosis: a cardiac magnetic resonance study. Eur 
Heart J Cardiovasc Imaging. 2016;17:961-9.

 14. Hudsmith LE, Cheng AS, Tyler DJ, Shirodaria C, Lee J, Petersen 
SE, et al. Assessment of left atrial volumes at 1.5 tesla and 3 
tesla using FLASH and SSFP cine imaging. J Cardiovasc Magn 
Reson. 2007;9:673-9.

 15. Wandelt LK, Kowallick JT, Schuster A, Wachter R, Stümpfig T, 
Unterberg-Buchwald C, et al. Quantification of left atrial volume 
and phasic function using cardiovascular magnetic resonance 
imaging-comparison of biplane area-length method and simp-
son’s method. Int J Cardiovasc Imaging. 2017;33:1761-9.

 16. Kowallick JT, Morton G, Lamata P, Jogiya R, Kutty S, Hasenfuß 
G, et al. Quantification of atrial dynamics using cardiovascular 
magnetic resonance: inter-study reproducibility. J Cardiovasc 
Magn Reson. 2015;17:36.

 17. Syed IS, Glockner JF, Feng D, Araoz PA, Martinez MW, Edwards 
WD, et al. Role of cardiac magnetic resonance imaging in the 
detection of cardiac amyloidosis. JACC Cardiovasc Imaging. 
2010;3:155-64.

 18. Fontana M, Chung R, Hawkins PN, Moon JC. Cardiovascular mag-
netic resonance for amyloidosis. Heart Fail Rev. 2015;20:133-44.

 19. Maceira AM, Prasad SK, Khan M, Pennell DJ. Normalized left 
ventricular systolic and diastolic function by steady state free 
precession cardiovascular magnetic resonance. J Cardiovasc 
Magn Reson. 2006;8:417-26.

 20. Le Ven F, Bibeau K, De Larochellière E, Tizón-Marcos H, De-
neault-Bissonnette S, Pibarot P, et al. Cardiac morphology and 
function reference values derived from a large subset of healthy 
young caucasian adults by magnetic resonance imaging. Eur 
Heart J Cardiovasc Imaging. 2016;17:981-90.

 21. Maceira AM, Cosin-Sales J, Prasad SK, Pennell DJ. Characteriza-
tion of left and right atrial function in healthy volunteers by 
cardiovascular magnetic resonance. J Cardiovasc Magn Reson. 
2016;18:64.

RIC 06___Vol 71___November-December'19___V05.indd   392 4/12/19   7:04


