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Background Stiff left atrial syndrome is a well-established cause of heart failure symptoms. A parallel entity involving the right atrium (RA) has not 
previously been described. We present a case of refractory right heart failure (RHF) 12 years following orthotopic heart 
transplantation.

Case summary Patient underwent annuloplasty ring placement for severe tricuspid regurgitation in 2018 and kidney transplantation in 2020. The 
use of multimodality imaging and a multidisciplinary approach suggested a stiff RA as a potential etiology to refractory symptoms. 
Redo-heart and kidney transplantation in March 2021 led to the resolution of symptoms without recurrence.

Discussion We propose stiff right atrial syndrome that may need to be considered in the setting of refractory RHF primarily suggested by sig-
nificant right atrial enlargement and restrictive physiology.
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Learning points
Case: A patient with heart transplantation in 2008 with refractory right heart failure

• To create a differential diagnosis of right heart failure.

• To understand the hemodynamic importance of the right atrium.

• To utilize multimodality imaging and hemodynamics to differentiate restrictive and constrictive physiology.
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Introduction
Atrial dysfunction has primarily been thought to occur from cardiac 
dysfunction or a marker for prognosis rather than a separate clinical 
entity.1 This has been challenged by the term atrial failure.2,3

Described mechanisms include electrical dyssynchrony, booster-pump 
failure, reservoir dysfunction, and conduit dysfunction.

While stiff left atrium (LA) syndrome has been well established, a 
parallel entity involving the right atrium (RA) has not previously been 
described.4,5 We propose a novel term, stiff RA syndrome, as a poten-
tial cause of refractory right heart failure.

Summary figure

Case presentation
A 57-year-old female who underwent orthotopic heart transplant-
ation (HTx) in 2008 for ventricular arrhythmias presented with 
refractory right heart failure (RHF). After antibody-mediated rejec-
tion in 2013, she developed reduced functional capacity and volume 
overload with worsening renal function over four years. Workup 
revealed severe tricuspid regurgitation (TR) requiring annuloplasty 
ring in 2018. Post-operatively, she developed acute kidney injury, 
recurrent pleural effusions, and ascites. Due to progression to stage 
5 chronic kidney disease, she underwent a deceased donor kidney 
transplantation (DDKT) in 2020. Symptoms of volume overload 
returned, requiring admission in December 2020. Medications in-
cluded tacrolimus 6 mg twice daily, prednisone 10 mg daily, valganci-
clovir 450 mg twice weekly, and high-dose torsemide. Mycophenolic 
acid was discontinued due to leucopenia. NT-proBNP and high- 
sensitivity troponin were elevated without significant change from 
prior values.

Physical examination noted elevated jugular venous pressure with 
prominent v-wave, S3 gallop, hepatomegaly with pulsatility, and bilateral 
lower extremity oedema. Transthoracic echocardiography (TTE) 
demonstrated preserved biventricular function (LVEF 71%) with RA 
greater than LA enlargement and moderate TR (Figure 1A–E). Mitral 
inflow pulse wave Doppler demonstrated large E without significant 
A wave despite sinus rhythm at 65 b.p.m. by electrocardiography 
with a right bundle branch block (Figure 1F). Endomyocardial biopsy 
(EMBx) and renal biopsy were negative for rejection and recent 

coronary angiogram was unremarkable for obstructive disease or distal 
vessel pruning. Transesophageal and intracardiac echocardiography, 
and cardiac MRI quantified moderate TR but notably, MRI showed a sig-
nificantly enlarged RA and abnormal atrial contraction (Figure 2). 
Hemodynamics showed no ventricular interdependence. Pressures 
supported restrictive physiology: RA 17 mmHg without significant v 
waves, but blunted x descent and prominent y descent, RV 35/3/ 
12 mmHg with ‘square root’ sign, PA 37/16/24 mmHg, PCWP 
15 mmHg, Fick CI 3.14 (Figure 3). RHF was not attributed to renal fail-
ure alone due to normal PCWP. With limited treatment options, she 
underwent redo-HTx and DDKT March 2021 with resolution of 
RHF symptoms. Pathologic analysis of the explanted myocardium de-
monstrated fibrosis without ischaemic injury. Specifically, fibrosis of 
the RA with a firm palpable texture was reported.

Discussion
We describe a case of RHF with suspicion for RA pathology as a con-
tributor to refractory symptoms. The long-term effects of HTx on the 
structure and function of the RA are not well known. The effect of 
cold-ischaemic time, reperfusion at HTx, and iatrogenic injury from 
EMBx on the RA is unknown. RHF following HTx may occur due to pul-
monary hypertension, RV injury, allograft rejection, or primary graft 
dysfunction.6 These factors were less likely based on our workup.

While restrictive cardiomyopathy may align with the physical, hemo-
dynamic, and echocardiography features, it does not account for significant 
RA enlargement, abnormal atrial contraction noted by cardiac MRI, and 
firm RA texture at explant. Limited atrial tissue was available for staining 
to evaluate higher degrees of fibrosis that may suggest atrial remodelling.1

While details of the initial HTx were limited, transection at cavo-atrial junc-
tions with the bicaval technique minimize residual recipient atrial tissue. 
Electrocardiography noted relative bradycardia post HTx with heart rate 
of 65 b.p.m. in sinus rhythm without rate-reducing therapies. This finding 
in conjunction with the loss of A wave by Doppler echocardiography 
may suggest some degree of electromechanical dissociation. Ventricular 
myocardium did not show ischaemic damage by histopathological analysis 
to suggest ischaemic injury or under-estimated cardiac allograft vasculopa-
thy. Although no v-waves were seen in RA tracings (unlike prominent 
v-waves with stiff LA), this may be related to the thinner-walled RA accom-
modating greater volumes without increasing pressure in conjunction with 
the vena cava also tolerating pressure changes well that may dampen right- 
sided v-waves.1

2                                                                                                                                                                                           K. Krishnarao et al.



Figure 1 TTE continuous-wave Doppler (CWD) and pulsed-wave Doppler (PWD) evaluating TR and evidence of constrictive (CP) or restrictive 
(RCM) physiology. (A) CWD of TR signal without ‘dagger’-shaped appearance of severe TR. (B) Hepatic vein PWD without systolic flow reversal seen 
in severe TR, inspiratory diastolic flow reversals in RCM, or expiratory diastolic flow reversals in CP (respirometer not shown). (C) PWD of lateral 
mitral annulus (lateral > medial e’ inconsistent with annulus reversus seen in CP). (D) PWD of medial mitral annulus (medial e’=0.05 m/s not elevated 
inconsistent with annulus paradoxus seen in CP). (E) 2D measurement of dilated inferior vena cava (2.3 cm without inspiratory collapse). (F) Mitral 
inflow PWD large E without a significant A wave (circle) despite sinus rhythm.
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The RA may serve a more important role than previously known, 
particularly in RHF, which remains one of the most challenging diagno-
ses to manage. Assessment of LA function utilizing echocardiographic 
parameters has traditionally been studied.3 LA reservoir, conduit, and 
pump function can be measured from volumetric assessment, 
Doppler echocardiography, tissue Doppler imaging, and strain/strain 
rate.3 Utilizing volumetric assessments, LA emptying volume and 

emptying fraction can be calculated. Although affected by other factors, 
E and A velocities may allow LA function assessment. Tissue Doppler 
imaging profile of mitral annulus a’ has been shown to correlate with 
atrial function.3 These have been studied in LA function, but a similar 
evaluation of the RA is not described.

Cardiac MRI was used to assess RA function post-myocardial 
infarction.7 The study found impairment of RA reservoir and 

Figure 2 Multimodality imaging. TEE showing RA enlargement with well-seated annuloplasty ring (left). ICE revealing no more than moderate TR 
(middle). Cardiac MRI demonstrating significantly enlarged RA (right). 

Figure 3 Invasive hemodynamics. RA tracing showing blunted x and prominent y descents without large v-waves suggestive of restrictive physiology 
(top). RV ‘square-root’ sign consistent with elevated end-diastolic pressure (middle). Simultaneous LV (red) and RV (blue) tracings without ventricular 
interdependence seen in constrictive physiology (bottom).

4                                                                                                                                                                                           K. Krishnarao et al.



conduit functions was associated with adverse cardiovascular events. 
Abnormal conduit function was associated with heart failure onset 
and adverse cardiovascular events independent of RV function and 
atrial fibrillation.7

Conclusion
While our evaluation of the RA did not include the techniques de-
scribed to assess LA function, this can be assessed in the future with 
widely available multimodality imaging techniques. Evaluation of RA me-
chanics in RHF and/or post-HTx may promote understanding of this 
forgotten chamber. RHF in the setting of significant RA enlargement 
and restrictive physiology may be associated with a similar entity to stiff 
LA syndrome. We propose a stiff RA syndrome that requires further 
investigation.

Patient’s perspective
Our patient was appreciative of team efforts managing her complex 
case which adversely affected her quality of life. She has returned to 
playing tennis, enjoys travelling with family, and will be completing her 
third annual visit March 2024.
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