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Background: Endomyocardial biopsies (EMB) are recommended for the detection of acute cardiac 
rejection (ACR) despite limited sensitivity. We report the long-term post-transplant results of Doppler 
echocardiography as a noninvasive alternative of routine EMB. 
Methods: Two cohorts of heart transplantation (HT) recipients were chronologically defined as follows: the 
Dual Monitoring Cohort (DMC) from January 1990 to December 1997 included patients who underwent 
routine EMB and Doppler echocardiography within 24 hours for ACR surveillance; and the “Echo-First 
Cohort” (EFC), including patients transplanted from January 1998 to December 2018 with Doppler 
echocardiography as first-line approach for ACR surveillance. Echocardiographic measurements of interest 
were collected: early diastolic (E) wave peak velocity; pressure half time (PHT) and isovolumetric relaxation 
time (IVRT). Post-transplant outcomes were reviewed and the Kaplan-Meier approach was used for survival 
estimates. Inter-operator variability for ultrasound measurements was investigated. Data were collected from 
medical records from January 2019 to December 2020.
Results: A total of 228 patients were included, 99 patients in the DMC and 129 in the EFC. Overall, 5-, 
10- and 15-year survival rates were 65.4%, 55.5% and 44.1% respectively, without any significant difference 
between the two cohorts (log rank test, P=0.71). Echocardiography variables and EMB findings were 
associated with a mean area under the receiver operating characteristic curve (AUC-ROC) of 0.73 [95% 
confidence interval (CI): 0.54–0.91], 0.74 (95% CI: 0.54–0.94) and 0.75 (95% CI: 0.57–0.94) respectively for 
E wave, PHT and IVRT. IVRT and PHT were significantly decreased, and E wave significantly increased, 
in case of histologically proven ACR. Inter-operator variability was not significant for E wave and IVRT 
measurements (P=0.13 and 0.30 respectively). 
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Introduction

Background

Detection of early or subclinical acute cardiac rejection 
(ACR) remains a major concern in heart transplantation 
(HT). ACR accounts for nearly 10% of all the fatalities 
during the first year after transplant and 12% of HT 
recipients experience at least one treated ACR during 
the same period (1). Endomyocardial biopsies (EMB) 
are recommended as the gold standard method for ACR 
surveillance despite a limited sensitivity due to the patchy 
histological distribution of rejection (2,3). This invasive 
procedure is generally repeated more than 12 times during 
the first year after transplant and is associated with a 6% 
rate of serious iatrogenic complications, including the 
risks of tamponade, ventricular arrhythmia, right bundle 
branch block, air embolism and tricuspid valve injury (2,3). 
The impact on patient’s quality of life is also questionable, 
especially in the pediatric population (4).

Rationale and knowledge gap

Noninvasive alternatives to EMB have been proposed 
to detect ACR. Significant changes in T2 signaling 
have been associated with rejection on cardiac magnetic 
resonance imaging. This approach is however limited by 
its availability and by myocardial water content during the 
first postoperative weeks after transplant (5,6). Peripheral 
blood genomic expression profiling has been recently 
applied for detection of moderate to severe ACR (7,8). 
Similarly, favorable preliminary results considering cell-
free DNA, microRNA and extracellular vesicles have been 
reported (9-12). These circulating biomarkers share a high 
negative predictive value, but without specific threshold 
scores for the diagnosis of ACR to date. Another limitation 
of molecular monitoring is the delay to get results that may 
not be compatible with clinicians needs.

Objective

Diagnostic performance of Doppler echocardiography for 
ACR detection and correlations with histological pattern 
have been investigated since the late 1980’s. Impairment 
of left ventricular (LV) diastolic function appears sooner 
than changes in systolic function in case of ACR (13-16). 

In 1990, echocardiographic screening of diastolic function 
was initiated in our institution (Marie Lannelongue 
Hospital, University of Paris Saclay, France) to monitor 
cardiac allografts along with conventional EMB within  
24 hours. Since 1998, EMB were not routinely performed 
for surveillance of ACR, while Doppler echocardiography 
was used as the first-line approach. We herein report the 
long-term results of this non-invasive diagnostic method, 
challenging the conventional surveillance for ACR after HT. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://cdt.amegroups.com/
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Methods

Study design

We retrospectively enrolled all patients older than  
18 years who underwent a HT between January 1990 and 
December 2018 in our institution (Marie Lannelongue 
Hospital, Groupe Hospitalier Paris Saint-Joseph). Two 
consecutive cohorts were defined. The “Dual Monitoring 
Cohort” (DMC) comprised patients transplanted from 
January 1990 to December 1997 who underwent routine 
EMB and Doppler echocardiography within 24 hours 
for ACR surveillance. From January 1998 to December 
2018, Doppler echocardiography was performed, as first-
line approach for ACR detection defining the “Echo-First 
Cohort” (EFC) (Figure 1). 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
protocol complied with the International Society for Heart 
and Lung Transplantation (ISHLT) Ethics Statement and 
was approved by the Institutional Ethics Committee of 
Marie Lannelongue Hospital, Groupe Hospitalier Paris 
Saint-Joseph (initial agreement No. 28). The study protocol 
was registered on the National Institute of Health data 
platform INDS (No. TPS 15256bis) with approval of the 

national evaluation committee CEREES (French ad hoc 
evaluation committee). According to the French regulation 
(JORF No. 0160 of 13 July 2018 text No. 110, MR-004) 
an information note setting out the purpose of the research 
has been transmitted to patients. The requirement for 
informed consent was waived because of the retrospective 
nature of the study. Patients’ non-opposition to the use of 
their data for research purposes was collected by mailing 
in accordance with the European General Data Protection 
Regulation (GDPR).

Histological standard for rejection status 

Tissue samples were obtained from transfemoral EMB. 
For EMB performed between 1990 and 2005, histology-
based ACR was graded using the ISHLT 1990 statement 
as follows: grades 0 (no rejection), 1A (mild focal), 1B 
(mild diffuse), 2 (moderate focal), 3A (moderate focal), 3B 
(moderate diffuse), or 4 (severe) (17). After 2005, we used 
the revised ISHLT 2005 classification as follows: grades 0 
(no rejection), 1 (mild), 2 (moderate) and 3 (severe) (18).  
Histological diagnosis was done by an experienced 
pathologist, blindly from echocardiographic findings. 
Treatment of ACR was considered for grade ≥1B for EMB 
performed from 1990 to 2005, and for grade ≥1 for EMB 
performed after 2005.

Dual Monitoring Cohort
[1990–1997]

122 patients

99 patients

75 patients with echo and biopsy data

Excluded:
• Early death prior to first 

echo, 14 patients
• Missing data, 8 patients
• Lost to follow-up, 2 patients

Excluded:
• Lost to follow-up, 2 patients

131 patients

129 patients

Excluded: <18 yo, 23 patients Excluded: <18 yo, 37 patients

168 patients

Echo-First Cohort
[1998–2018]

Figure 1 Flow chart illustrating the study design. The Dual Monitoring Cohort included patients transplanted from January 1990 to December 
1997 with conventional endomyocardial biopsies screening. The Echo-First Cohort included patients transplanted from January 1998 to 
December 2018 who undergo Doppler echocardiography as first-line approach for surveillance of acute allograft rejection. yo, years old.
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Echocardiography protocol 

Two-dimensional and M-mode echocardiography (Vivid 
ultrasound system, GE Healthcare, Horten, Norway) 
combined with pulse wave Doppler analysis for mitral flow 
were performed by experimented cardiologists, blinded to 
EMB interpretation. Transplant cardiologists graduated 
in cardiac echography imaging after completion of a post-
doctoral fellowship in cardiology and transplantation 
medicine. The following measurements of interest for 
surveillance of ACR were collected: early diastolic (E) wave 
peak velocity; pressure half time (PHT) as time required 
for the pressure gradient to decrease to half of its maximal 
value, which is related to E wave deceleration time (DT); 
isovolumetric relaxation time (IVRT) defined as the interval 
between aortic valve closure and mitral valve opening. 
Consistent with the preliminary results reported by 
Desruennes et al., evidence for ACR was considered in case 
of at least one of the following:
	 LV diastolic dysfunction defined by IVRT <80 ms, 

peak E wave >100 cm/s; PHT <50 ms. Significant 
decrease in IVRT and PHT, and/or significant 
increase in E wave peak velocity, between two 
consecutive examinations (≥20% changes) in a same 
patient were also considered as a marker of impaired 
diastolic function compatible with early rejection;

	 LV systolic dysfunction; 
	 Acute LV hypertrophy with wall  thickness  

>12 mm combined with sparkling texture of the 
myocardium (13).

Echography inter-operator variability assessment

Two experienced cardiologists graduated in cardiac 
ultrasound imaging, but not involved in the follow-up of 
HT patients, independently reviewed digital video loops 
and images randomly selected from a panel of twenty HT 
recipients from the EFC. These operators were blinded 
to each other. Inter-operator variability of ultrasound 
measurements for IVRT, PHT and E wave was assessed. 

Immunosuppressive regiment and post-transplant follow-up

The immunosuppressive therapy protocol is detailed in 
Appendix 1. In the DMC, EMB and echocardiography 
were performed within 24 hours as follows: weekly for 
the first 5 weeks after transplant, then every 2 weeks for 
the next 2 months, every 3 weeks for the next 2 months, 

and then once a month until the end of the first year. 
Echocardiographic findings were therefore recorded 
before the announcement of EMB result. In the EFC, 
Doppler echocardiography was weekly performed during 
the first 2 months after transplant, then every 2 weeks 
for 1 month and finally monthly until the end of the first 
year. Routine echocardiographic screening was thereafter 
performed every 6 weeks during the second year after 
transplant, and then every 3 months. EMB were considered 
in symptomatic patients with normal echocardiography, 
or in case of moderate changes in LV filling profile with 
increased plasma level of brain natriuretic peptides since 
2005. Coronary angiography was first performed 1 year 
after transplant and was thereafter repeated every year 
or when clinically warranted. Since 2005, computed 
tomography (CT) coronary angiography has been applied 
for routine surveillance of coronary allograft vasculopathy 
(CAV) instead of coronary angiography (19). Each time 
CAV was suspected on noninvasive CT imaging, a coronary 
angiography was performed. Coronary lesions were scored 
according to the ISHLT grading score for CAV (20).  

Data collection and statistical analysis

Patients’ characteristics were retrospectively reviewed from 
hospital records. Data were collected from January 2019 
to December 2020. Donors’ characteristics were collected 
from the French national HT database (Agence de la 
Biomedecine, La Plaine Saint Denis, France). Continuous 
variables were presented as mean ± standard deviation and 
differences as mean [95% confidence interval (95% CI)] 
when normally distributed, and as median [interquartile 
range (IQR)] when non-normally distributed. Categorical 
variables were displayed as numbers (%). Unpaired t-test 
and Wilcoxon test of variance were used to compare 
continuous variables, while categorical variables were 
compared using the chi-square or the Fisher test. Survival 
rates were estimated using the Kaplan-Meier method, 
and compared with the log-rank test. The follow-up was 
completed in December 2020. The kappa coefficient was 
used to test agreement between echography measurements 
and EMB results (Table S1). Each ultrasound/biopsy pair 
was defined as an event and numbered chronologically. 
Inter-operator variability for ultrasound measurements was 
assessed using a Wilcoxon test and the Kappa coefficient. 
A P value <0.05 was considered as significant. Receiver 
operating characteristic (ROC) curves were constructed 
using the easyROC software. We calculated area under the 
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curve (AUC) (95% CI) according to this program (21). All 
statistical analyses were performed using the R software v 
4.0.5 (www.r-project.org/).

Results

Patient population 

A total of 228 patients were included in the study. 
Pretransplant characteristics of the recipients were not 
different between the two cohorts, excepted for the 
etiology of heart failure leading to HT, with a higher rate 
of valvular heart disease and retransplantation in the recent 
era (P<0.01) (Table 1). Donor age and body mass index 
(BMI) were significantly higher in the EFC compared to 
the DMC (P<0.01 and P=0.013 respectively). There was a 
trend for a higher rate of trauma, stroke and hypoxia among 
the causes of donor death in the recent cohort (Table 1). 
The mean allograft ischemic time was longer in the recent 
cohort (P<0.001), whereas no difference was remarkable 
considering gender and cytomegalovirus mismatches.

Survival analysis
 
The median follow-up periods were 116 months (IQR, 
0–361 months) and 42 months (IQR, 0–261 months) for 
DMC and EFC respectively. The overall 1-, 5-, 10-, 15- 
and 20-year survival rates were respectively 74.1%, 65.4%, 
55.5%, 44.1% and 32.9% in the study population. There 
was no significant difference in long-term survival between 
the two cohorts (log rank test, P=0.71). The comparative 
survival estimates at 1, 5, 10 and 15 years were 75.0%, 
63.0%, 49.0% and 38.0% in the DMC, and 74.0%, 63.0%, 
53.0% and 35.0% in the EFC (Figure 2).

Immune-related post-transplant outcomes and incidence of 
CAV in the EFC

The median delay between transplantation and first episode 
of acute rejection was 284 days (IQR, 61–914 days) in the 
EFC. Twenty-three point six percent of patients experienced 
at least one treated ACR during the first year after 
transplant and 36.8% during the first 5 years of follow-up  
(Table S2). During the first year of follow-up, CAV grade 1 
was observed in 19.0% of patients in the EFC. CAV grade 1 
or more was observed in 52.0% and 81.0% of patients in the 
EFC at 5 and 10 years respectively. The rate of CAV grade 3 
remained lower than 8.0% over the time (Table 2). 

Comparison between histological and ultrasound 
measurements for rejection surveillance in the DMC

Ultrasound measurements and histological results were 
considered for DMC patients at each follow-up visit after 
transplant. The Kappa coefficient was not measurable for 
the first event and was at 0.56 (IQR, 0.25–0.83, P<0.001), 
0.63 (IQR, 0.42–0.85, P<0.001), 0.74 (IQR, 0.55–0.92, 
P<0.001), 0.53 (IQR, 0.23–0.84, P<0.001), 0.53 (IQR, 0.23–
0.83, P<0.001) respectively for the second, third, fourth, 
fifth and sixth events. Ultrasound measurements were not 
different whatever the result of the biopsy at the time of 
the first follow-up examination. IVRT was subsequently 
decreased when the biopsy was positive at the 2nd and the 3rd 
examinations (P=0.005 and P=0.05). Similarly, E wave was 
significantly higher in case of positive biopsy at the 2nd and 3rd 
examinations (P=0.017 and P=0.010). PHT was significantly 
lower in case of histologically proven ACR over the same 
period after transplant (P=0.012 and P=0.002) (Table 3).  
Temporal diagram showed a stability of the different 
echocardiographic measurements over the time in patients 
with negative EMB (Figure 3). In patients with histologically 
proven ACR, IVRT and PHT were lower compared to 
patients without ACR, while E wave seemed to be higher, 
with a wide range of variability. ROC curves for IVRT, PHT 
and E wave are illustrated in Figure 4 showing significant 
relationships between ultrasound parameters and positive 
EMB at the second and third events after transplant.

Inter-operator variability for ultrasound measurements in 
the EFC

Inter-operator variability for diastolic ultrasound parameters 
was investigated by two non-expert cardiologists. Twenty 
recipients from the EFC were randomly selected. 
Agreement assessed by the Kappa coefficient was 0.66 (IQR, 
0.31–1.00) (P<0.001). Mean IVRT and E wave values were 
comparable between the two operators, whereas the mean 
PHT values were significantly different (P=0.001) (Table 4).

Discussion

Key findings

The main finding of the present study is that long-term 
survival was not different in patients followed with Doppler 
echocardiography as a first-line approach for diagnosis of 
ACR compared to patients monitored with routine EMB. 
Decision not to systematically perform EMB after HT was 
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Table 1 Patient population

Variables Total (n=228) Cohort 1990–1997 (n=99) Cohort 1998–2018 (n=129) Difference (95% CI) P value*

Characteristics of the recipients

Age (years) 46.5±13.9 48.5±12.8 44.9±14.5 3.66 (0.03; 7.29) 0.08

Weight (kg) 68.9±12.9 68.2±11.6 69.5±13.9 −1.29 (−4.69; 2.12) 0.46

Height (cm) 171.3±7.9 171.0±7.6 171.4±8.1 −0.39 (−2.46; 1.68) 0.78

BMI (kg/m2) 23.5±4.1 23.2±3.5 23.6±4.6 −0.36 (−1.41; 0.69) 0.75

Gender 0.21

Female 48 (21.1) 17 (17.2) 31 (24.0) −6.86 (−17.33; 3.61)

Male 180 (78.9) 82 (82.8) 98 (76.0)

Etiology (n=227) <0.01

Valvular 50 (22.0) 17 (17.2) 33 (25.8) −8.61 (−20.12; 2.90)

Ischemic 81 (35.7) 35 (35.4) 46 (35.9) −0.58 (−13.73; 12.56)

Congenital 19 (8.4) 14 (14.1) 5 (3.9) 10.24 (1.70; 18.77)

Dilated cardiomyopathy 65 (28.6) 33 (33.3) 32 (25.0) 8.33 (−4.50; 21.17)

Retransplantation 8 (3.5) 0 8 (6.3) −6.25 (−11.34; −1.16)

Others 4 (1.8) 0 4 (3.1) −3.12 (−7.03; 0.78)

List waiting time (months) 63.0 [15.8; 166.8] 70.0 [25.5; 157.0] 56.0 [8.00; 169.0] 0.45

Characteristics of the donors

Age (years) 41.8±13.4 38.2±11.7 44.6±13.9 −6.39 (−9.81; −2.97) <0.01

Weight (kg) (n=225) 75.5±13.6 73.3±12.7 77.1±14.0 −3.77 (−7.34; −0.19) 0.040

Height (cm) (n=215) 174.0±7.9 174.3±7.3 173.7±8.3 0.57 (−1.59; 2.73) 0.72

BMI (kg/m2) (n=215) 25.0±4.3 24.0±3.5 25.6±4.6 −1.55 (−2.64; −0.46) 0.013

Sex (n=213) 0.034

Female 52 (24.4) 14 (16.7) 38 (29.5) −12.79 (−23.99; −1.59)

Male 161 (75.6) 70 (83.3) 91 (70.5)

Cause of death (n=226) 0.046

Trauma 102 (45.1) 39 (40.2) 63 (48.8) −8.63 (−22.56; 5.30)

Suicide 41 (18.1) 25 (25.8) 16 (12.4) 13.37 (2.07; 24.67)

Stroke 77 (34.1) 32 (33.0) 45 (34.9) −1.89 (−15.25; 11.47)

Hypoxia 6 (2.7) 1 (1.0) 5 (3.9) −2.85 (−7.64; 1.95)

Ischemic time (min) (n=226) 203±51 175±45 226±59 −50.09 (−60.40; −39.78) <0.001

Gender mismatch† (n=213) 57 (26.8) 20 (23.8) 37 (28.7) 4.87 (−7.12; 16.87) 0.43

CMV mismatch‡ (n=224) 108 (48.2) 40 (42.1) 68 (52.7) 10.61 (−2.54; 23.75) 0.12

Data are expressed as mean ± standard deviation, n (%) or median [interquartile range]. †, female donor to male recipients; ‡, donor CMV+ 
to recipient CMV−; *, unpaired t-test and Wilcoxon test of variance were used to compare continuous variables, while categorical variables 
were compared using the chi-square or the Fisher test. CI, confidence interval; BMI, body mass index; CMV, cytomegalovirus.
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Figure 2 Survival analysis using Kaplan-Meier approach (95% confidence interval) for the study population (A) and comparison of survival 
curves between the Dual Monitoring Cohort and the Echo-First Cohort (B). Censoring is indicated by a vertical mark.

Table 2 Proportion of patients with a CAV in the Echo-First Cohort according to the level of severity after 1, 5 and 10 years of follow-up

CAV grade 1 year (n=87/94, 93%) 5 years (n=50/52, 96%) 10 years (n=27/29, 93%)

CAV 1 16 (18%) 21 (42%) 13 (48%)

CAV 2 1 (1%) 2 (4%) 7 (26%)

CAV 3 0 3 (6%) 2 (7%)

CAV, coronary allograft vasculopathy.

Table 3 Comparison of ultrasound measurements considering the result of the endomyocardial biopsy (negative or positive) for the three first 
events in the Dual Monitoring Cohort (Doppler echocardiography and endomyocardial biopsy performed within 24 hours)

Ultrasound variables Negative EMB (0 or 1A) Positive EMB (1B or 2A or 2) P value*

1st event (n=70) (n=5)

IVRT (ms) 90.4±8.8 87.0±7.6 0.38

PHT (ms) 60.0±7.8 58.0±11.0 0.96

E wave (cm/s) 72.7±14.2 73.6±8.7 0.75

2nd event (n=64) (n=11)

IVRT (ms) 90.7±8.7 78.6±17.6 0.005

PHT (ms) 59.6±7.0 53.5±11.1 0.012

E wave (cm/s) 73.6±16.2 85.3±17.9 0.017

3rd event (n=58) (n=17)

IVRT (ms) 88.6±7.5 79.7±14.4 0.05

PHT (ms) 58.6±8.3 49.9±10.7 0.002

E wave (cm/s) 73.0±14.9 85.9±18.4 0.010

Data are expressed as mean ± standard deviation. *, paired t-test. EMB, endomyocardial biopsy; IVRT, isovolumetric relaxation time; PHT, 
pressure half time.
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Figure 3 Temporal diagram of repeated ultrasound measurements in case of negative biopsy (Biop0) or positive biopsy (Biop1), for the 10 
first samples (mean value and 95% confidence interval). IVRT, isovolumetric relaxation time; PHT, pressure half time.

not associated with adverse long-term outcomes in our 
experience. To the best of our knowledge, we report the 
longest follow-up of HT recipients without systematic EMB.

Strengths and limitations

Our transplant care protocol follows the guidelines of the 

ISHLT except for surveillance of ACR since we do not 
perform systematic EMB (22). Our long-term survival 
estimates are however consistent with the ISHLT registry 
showing more than 50% survival at 10 years and around 
45% at 15 years in the most recent era (23). The present 
monocentric study includes two successive cohorts of 
patients over three consecutive decades. Therefore, we 
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cannot exclude an unmeasured bias in both characteristics 
and medical management of patients. However, the two 
cohorts are reasonably comparable, and patients did not 
seem to be over-treated since the incidence of at least one 
treated episode is consistent with the data from the 2015 
ISHLT report (24). The lack of antibody-mediated rejection 
(AMR) data is an important limitation of this study, mainly 
related to the absence of AMR diagnosis over the majority 
of the study period. Treatment of symptomatic AMR is 
currently recommended, whereas the optimal therapeutic 
option for asymptomatic AMR remains a matter of  
debate (25). Our approach has never been validated to 
date in the setting of AMR, but we hypothesize that AMR 
may impair LV diastolic function and could therefore be 
diagnosed at the early stage using ultrasound measurements. 
Indeed, significant changes in diastolic parameters have 
been associated with low grade of ACR including intensive 
vascular rejection phenotype that could be linked to  

AMR (26). Last, no single parameter seems to be sufficiently 
sensitive to detect all episodes of acute rejection (27). 
However, we report a significant correlation between the 
presence of abnormal ultrasound measurements (PHT, 
IVRT, E wave) and a positive EMB as illustrated by ROC 
curves. The lack of sensitivity for ultrasound parameters 
at the first post-transplant echocardiography could be 
explained by marked myocardial edema in the early post-
operative course. 

Comparison with similar researches

Mena et al. underline in a recent meta-analysis the 
heterogeneity and the small size of cohorts focusing 
on the benefits of ultrasound measurements for ACR 
surveillance (28). Diastolic parameters as non-invasive 
markers of ACR have been introduced during the 1990’s 
(13-16,29,30). However divergent results have not allowed 

Figure 4 Receiver operative characteristics curves for ultrasound measurements considering the first event (A), the second event (B) and the 
third event (C). These figures show a clinically relevant relationship between ultrasound parameters and histologically-proven acute allograft 
rejection at the second and third events after transplant with areas under the curve ≥0.65 for all parameters. AUC, area under the curve; CI, 
confidence interval; IVRT, isovolumetric relaxation time; PHT, pressure half time. 

Table 4 Inter-operator variability for ultrasound measurements (n=20 patients) 

Ultrasound variables Observer A Observer B Inter-observer difference (95% CI) P value*

IVRT (ms) 99.4±16.8 102.9±17.9 −3.5 (−8.44; 1.44) 0.30

E wave (cm/s) 85.0±26.0 82.0±26.0 0.03 (−0.007; 0.06) 0.13

PHT (ms) 49.4±13.1 43.6±10.9 5.8 (2.9; 8.7) 0.001

Data are expressed as mean ± standard deviation. *, paired t-test. CI, confidence interval; IVRT, isovolumetric relaxation time; PHT, 
pressure half time.
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their application for surveillance of ACR instead of routine 
EMB. The main concern is the various sensitivity of E 
wave and PHT, in part explainable by the high prevalence 
of relaxation disturbances along with progressive decrease 
in myocardial compliance after HT (e.g., high stiffness 
due to increased fibrosis due to CAV or microcirculatory 
dysfunction). This limitation can be addressed by analyzing 
the variations of diastolic parameters over the time for each 
patient instead of considering each variable independently.

Our results were favorable despite the higher incidence 
of CAV in our population (81.0% with CAV grade 1 or 
more at 10 years) compared to previous studies reporting 
40 to 46% of CAV at 10 years (25,31). These findings are 
consistent with those recently reported by Loupy et al. 
underscoring that older organ donors in Europe share a 
higher risk of transmitted coronary artery disease for the 
recipient (32). 

Explanations of findings

In our experience, PHT and IVRT were markedly decreased 
in patients with positive EMB. These results are consistent 
with the preliminary studies from Desruennes et al.  
demonstrating a specificity and a sensitivity of 87% and 
87% respectively for 20% PHT decrease and 85% and 90% 
for 20% IVRT decrease (13,16). EMB is the gold standard 
diagnostic approach to which alternatives methods, such as 
Doppler echocardiography, are compared. However, the 
limited sensitivity of EBM along with its inter-operator 
variability has been pointed out several times (33-35). The 
prevalence of ‘biopsy-negative’ ACR (echocardiographic 
and hemodynamic features suggestive of significant ACR 
which become reversible by ACR therapy) can reach 20% 
(36,37). Current ISHLT guidelines recommend to treat 
all symptomatic rejections defined by clinical symptoms 
or graft dysfunction (systolic dysfunction), and to treat 
asymptomatic rejection only when it is moderate (ACR 
> grade 2R). This statement is consistent with our non-
invasive approach using Doppler echocardiography since we 
observed significant changes in ultrasound measurements 
when EMB were positive for ACR ≥ grade 1B. Our findings 
seem to support that diastolic parameters could be more 
sensitive to detect subclinical ACR as previously suggested 
by other groups (14,15). In accordance with Dandel et al.,  
we believe that our approach may not underestimate 
the incidence of ACR and that our patients may not be 
undertreated in case of subclinical acute rejection (38). 

Implications and actions needed

The risk of iatrogenic complications along with the 
limited sensitivity of EMB has to be considered when 
challenging the potential benefit of alternative approaches 
for ACR surveillance. The incidence of asymptomatic 
ACR requiring treatment is moreover lower than 2% of 
the overall performed biopsies as reported by Hamour 
et al. (2) Considering the low incidence of asymptomatic 
rejections diagnosed by EMB, the sensibility and specificity 
of ultrasound diastolic parameters would promote Doppler 
echocardiography as a relevant alternative approach for 
ACR surveillance. Its application in clinical practice is 
however limited by inter-operator variability. In our study, 
the concordance between non-experienced cardiologists 
(not trained for our ultrasound protocol in HT recipients) 
was remarkable. There were significant differences only 
for PHT measurements, probably because this parameter 
is the most difficult to assess due to its variability over the 
cardiac cycle. Our favorable long-term results furthermore 
underscore the reproducibility of our protocol over the 
past three decades. The present approach was initially 
introduced and practiced by a single cardiologist (L.H.), 
while our HT recipients are currently followed using 
the same ultrasound protocol by four other cardiologists 
without impairment of our results. In the light of this long-
term clinical experience, we trust that our protocol could 
be widely applied by other groups. From a general point of 
view, non-invasive monitoring of ACR could make life-long 
surveillance more acceptable for HT recipients (39).

Conclusions

In the present study, the use of Doppler echocardiography 
as a first-line approach for surveillance of ACR did not 
impair long-term results after HT. These findings suggest 
that this non-invasive approach might be a reasonable 
alternative to systematic EMB, limiting risk and improving 
patient quality of life. These encouraging results warrant 
prospective validation in larger cohorts to be widely 
accepted by the community of HT caregivers.
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Supplementary

Appendix 1

Methods

Immunosuppressive regiment and follow-up
Induction therapy was performed in all patients, based on rabbit anti-thymocyte globulin (1.5 mg/kg, I.V.) until day 3 post-
transplant. Methylprednisolone (1 mg/kg I.V.) was initiated within 2 hours before transplantation and the daily dose was adjusted 
thereafter to reach the level of 0.5 mg/kg. Immunosuppression was then maintained using cyclosporine, azathioprine and 
prednisone. Since 2002, mycophenolate mofetil replaced azathioprine, and was adjusted to achieve plasma concentration ranged 
from 3 to 8 ng/mL. Acute cardiac rejection (ACR) was treated by intravenous bolus administration of methylprednisolone  
(15 mg/kg) for 3 consecutive days, combined with thymoglobulin for 5 consecutive days in case of severe allograft dysfunction. 
Maintenance immunosuppressive regimen was then transiently adjusted. In case of repeated ACR, cyclosporine was replaced by 
tacrolimus.

Table S1 Kappa coefficient scale

Kappa coefficient Classification can be regarded as 

≤0.40 Poor

0.41–0.60 Moderate

0.61–0.75 Good

0.76–0.80 Excellent

≥0.81 Almost perfect

Table S2 Incidence of treated rejection episode at 1, 3 and 5 years post-transplantation in the echo-first cohort

Time after transplant 1 treated rejection (n=106) 2 treated rejections (n=76) At least 3 treated rejections (n=66)

1st year 25 (23.6) 6 (7.9) 1 (1.5)

3rd year 37 (34.9) 13 (17.1) 6 (9.1)

5th year 39 (36.8) 15 (19.7) 15 (22.7)

Data are expressed as n (%).


