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Abstract
Aim. To analyze clinical and echocardiographic characteristics and prognosis in patients with heart failure mid-
range ejection fraction.
Methods. The study included 76 patients with stable heart failure I–IV functional class, with a mean age of 
66.1±10.4 years. All patients were divided into 3 subgroups based on the left ventricular ejection fraction: 
the first group — heart failure patients with reduced ejection fraction (below 40%), 21.1%; the second 
group — patients with mid-range ejection fraction (from 40 to 49%), 23.7%; the third group — patients with 
preserved ejection fraction (>50%), 55.3%. The clinical characteristics of all groups were compared. The 
quality of life was assessed by the Minnesota Satisfaction Questionnaire (MSQ), the clinical condition was 
determined by using the clinical condition assessment scale (Russian “Shocks”). The prognosis was studied 
according to the onset of cardiovascular events one year after enrollment in the study. The endpoints were 
cardiovascular mortality, myocardial infarction (MI), stroke, hospitalization for acutely decompensated 
heart failure, thrombotic complications. Statistical analysis was performed by using IBM SPSS Statistics 20 
software. Normal distribution of the data was determined by the Shapiro–Wilk test, nominal indicators 
were compared between groups by using chi-square tests, normally distributed quantitative indicators — 
by ANOVA. The Kruskal–Wallis test was performed to comparing data with non-normal distribution.
Results. Analysis showed that the most of clinical characteristics (etiological structure, age, gender, quality of 
life, results on the clinical condition assessment scale for patients with chronic heart failure and a 6-minute walk 
test, distribution by functional classes of heart failure) in patients with mid-range ejection fraction (HFmrEF) 
were similar to those in patients with reduced ejection fraction (HFrEF). At the same time, they significantly 
differed from the characteristics of patients with preserved ejection fraction (HFpEF). Echocardiographic data 
from patients with mid-range ejection fraction ranks in the middle compared to patients with reduced and 
preserved ejection fraction. In heart failure patients with mid-range ejection fraction, the incidence of adverse 
outcomes during the 1st year also was intermediate between heart failure patients with preserved ejection fraction 
and patients with reduced ejection fraction: for all cardiovascular events in the absence of significant differences 
(17.6; 10.8 and 18.8%, respectively), myocardial infarction (5,9; 0 and 6.2%), thrombotic complications (5.9; 
5.4 and 6.2%). Heart failure patients with mid-range ejection fraction in comparison to patients with preserved 
ejection fraction and reduced ejection fraction had significantly lower cardiovascular mortality (0; 2.7 and 12.5%, 
p >0.05) and the number of hospitalization for acutely decompensated heart failure (0; 2,7 and 6.2%).
Conclusion. Clinical characteristics of heart failure patients with mid-range and heart failure patients with 
reduced ejection fraction are similar but significantly different from those in the group of patients with preserved 
ejection fraction; echocardiographic data in heart failure patients with mid-range ejection fraction is intermediate 
between those in patients with reduced ejection fraction and patients with preserved ejection fraction; the 
prognosis for all cardiovascular events did not differ significantly in the groups depending on the left ventricular 
ejection fraction.
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Background. The category of patients with a mid-
range left ventricular ejection fraction (LVEF; 40–
49%) was identified for the first time in the 2016 
European guidelines for the management of pa-
tients with heart failure (HF); however, since then, 
there has been a continuing debate on the extent of 
practicability of introducing a new category of pa-
tients with chronic heart failure (CHF) and whether 
significant differences exist in clinical manifesta-
tions and prognosis.

The fundamental terminology used to describe 
HF is based on the value of LVEF. According to 
2012 recommendations, the normal LVEF level was 
defined as 50% or higher, and the reduced level was 
lower than 35%–40%. Patients with EF of 40%–
49% could be assigned to both groups 1 and 2. Pre-
vious clinical studies, namely, CHARM, TOPCAT, 
VALLIANT, and PEP-CHF, presented data on CHF 
with an LVEF range of 40%–49%, which, accor-
ding to the 2016 ESC classification, can be inter-
preted as CHF with mid-range LVEF (HFmrEF) [1].

To date, accumulating data attempted to clarify 
the clinical characteristics and survival rate of pa-
tients with HFmrEF. In 2016, Tsao et al. exa mined 
10,270 patients around aged 60 years. Of these pa-
tients, more than 55% was recognized as normal 
LVEF, while 50%–55% was the mid-range LVEF. 
In that study, the survival rate of patients with 
LVEF of 50%–55% was worse than that in patients 
with LVEF of >55% [2].

As a rule, HF is stratified based on a number of 
key criteria, namely, etiology, demography, LVEF, 
presence of comorbid pathology, and characteris-
tics of the response to drug therapy. Analysis of 
the efficiency of drug therapy in patients with CHF 
should take into account the LVEF range, which, 
apparently, is currently used as the basis for a num-
ber of clinical studies and will expand significant-
ly possible reasons of the effective use of various 
the rapeutic methods and drugs in patients with this 
pathology [3, 4].

The study aimed to analyze the clinical and 
echocardiographic characteristics as well as prog-
nosis in patients with HFmrEF.

Materials and methods of research. The study 
included 76 patients with a stable course of CHF 
grade I–IV (no CHF decompensation  within 1 
month), aged 66.1 ± 10.4 years, and had an ave-
rage CHF duration of 8.5 years. The inclusion cri-
teria were having signed an informed consent form, 
age ≥18 years, and presence of stable CHF. The ex-
clusion criteria were refusal to sign an informed 
consent form for participation in the study and 
presence of cognitive impairment, malignant tu-
mors, renal artery stenosis, and myocardial infarc-
tion that occurred less than 30 days.

HF was verified according to the clinical guide-
lines of the Russian Cardiological Society, Society 
of Heart Failure Specialists, and Russian national 
medical society of physicians “Heart failure: chro-
nic (CHF) and acute decompensated (ADHF).”

The quality of life of all patients was assessed 
according to the Minnesota Patient Questionnaire. 
Clinical condition was assessed according to a spe-
cial scale for assessing the clinical condition of 
a patient with CHF (SACC), and electrocardiogra-
phy and echocardiography were performed.

Echocardiography was performed to analyze 
left atrial dimension, end-systolic dimension, 
end-diastolic dimension, right ventricular dimen-
sion, pulmonary artery systolic pressure, left ven-
tricular myocardium mass index, left ventricular 
myocardium mass, left ventricular posterior wall 
thickness, and interventricular septum thickness.

Levels of hemoglobin, bilirubin, creatinine, and 
blood glucose and glomerular filtration rate were 
assessed. To evaluate the prognosis, a telephone 
survey of all patients was performed 1 year after 
inclusion in the study. Follow-up endpoints were 
cardiovascular mortality, myocardial infarction, 
cerebral stroke, acute decompensation of CHF, and 
thrombotic complications.

All patients were distributed into groups of 
CHF with preserved LVEF (HFpEF), HFmrEF, and 
CHF with reduced LVEF (HFrEF).

Statistical data processing was performed using 
parametric and nonparametric analysis in the IBM 
SPSS Statistics 20 software. Data were analyzed af-
ter testing the sample for normal distribution us-
ing the Shapiro–Wilk test, as well as kurtosis and 
asymmetry indices. In quantitative indicators with 
normal distribution, the arithmetic mean values and 
standard deviations (M ± σ) were calculated. Aggre-
gates of quantitative indicators with non-normal 
distribution were presented as median with lower 
and upper quartiles (Me [Q1; Q3]). Kruskal–Wal-
lis test with the Dunn post-hoc test was performed 
for comparison. Indicators measured in the nomi-
nal scale were compared using the Pearson χ2 test: 
Yates correction was used in less than 10  cases, and 
Fisher’s exact test was in less than 5 cases. The cri-
tical level of significance correspon ded to p = 0.05.

The study protocol was approved by the local 
ethics committee of the Kazan State Medical Uni-
versity of the Ministry of Health of the Russian 
Federation (Protocol No. 10 of 12/23/2014, b No. 1 
with addition of 01/25/2017).

The study was performed as an open-label, pro-
spective, randomized, controlled, and comparative 
study.

Results. The main etiology of HF in most pa-
tients was ischemic heart disease, while others also 
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had arterial hypertension (61.8% of cases). Arteri-
al hypertension and ischemic heart disease caused 
CHF in 10.5% and 27.7% of the cases, respectively. 
When all patients with CHF were distributed into 
groups according to the LVEF value, differences in 
etiology were found between the HFmrEF group 
and HFpEF group (p = 0.0026), as well as between 
HFrEF and HFpEF groups (p = 0.0053; Table 1).

The ratio of men and women in all three groups 
was not different. Differences in age were found 
between the HFmrEF group and HFpEF group, 
which patients were significantly younger. The 
structure of the groups according to the CHF grade 
was comparable in the HFrEF and HFmrEF groups 

when compared with the HFpEF group that had the 
same ratio of patients having grades I–II and III–
IV. Data were confirmed by the results of the wal­
king test in the HFmrEF and HFrEF groups, which 
were significantly different from the parameters in 
the HFpEF group.

Using the SACC, symptoms and signs of HF 
were more severe in the HFrEF group than in the 
HFpEF group, similar to the results on HF dura-
tion. In a detailed analysis of symptoms and signs 
of HF, dyspnea was registered in 50% of the cases 
in the HFmrEF and HFpEF groups (Table 2).

In the HFmrEF group, 66.7%, 22.2%, and 27.8% 
of the patients were found to have lower-limb 

Table 1. Clinical characteristics of patients with chronic heart failure (CHF) according to the value of the left ventricular 
ejection fraction (EF)

Parameters
CHF

pwith reduced EF  
(n = 16)

with mid-range EF  
(n = 18)

with preserved EF  
(n = 42)

Ischemic heart disease, % 6.25 5.55 45.2
р1–2=0.727
р2–3=0.0026
р1–3=0.0053

Arterial hypertension, % 6.25 5.55 14.3
р1–2=0.727
р2–3=0.663
р1–3=0.660

Ischemic heart disease + 
 arterial hypertension, % 87.5 88.9 40.5

р1–2=0.652
р2–3=0.0006
р1–3=0.0025

Men/women,% 62.5/37.5 61.1/38.9 47.6/52.4
р1–2=0.786
р2–3=0.734
р1–3=0.691

Age (М ± σ), years 70.4±11.1 70.0±11.7 62.7±8.4
р1–2=0.992
р2–3=0.040
р1–3=0.036

CHF grade I–II, % 12.5 22.2 59.5
р1–2=0.386
р2–3=0.007 
р1–3<0.001

CHF grade III–IV 87.5 77.8 40.5
р1–2=0.386
р2–3=0.007 
р1–3<0.001

Walk test (Me [Q1; Q3]), m 132.5 [105; 176] 182.5 [110; 272] 350 [250; 400]
р1–2=0.162
р2–3<0.001
р1–3<0.001

SACC (М±σ), points 7.7±2.8 7.2±2.19 5.4±2.8
р1–2=0.863
р2–3=0.089
р1–3=0.023

Quality of life (М±σ), points 47.0±19.2 40.0±20.5 31.2±19.4
р1–2=0.59
р2–3=0.309
р1–3=0.029

CHF duration (М±σ), years 11.8±5.7 9.83±6.1 6.5±3.6
р1–2=0.488
р2–3=0.06
р1–3=0.002

Note: *р1–2, comparison of patients with reduced EF and mid­range EF; р2–3, comparison of patients with mid-range EF and 
preserved EF; р1–3, comparison of patients with reduced EF and preserved EF; SACC, scale for assessing the clinical condition 
of a patient with chronic heart failure.
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 edema, rales in the lower parts of the lungs during 
auscultation, and a forced position with a raised ce-
phalic pole, respectively. None of the patients with 
HFmrEF or HFpEF showed cervical vein swel-
ling. If a triple heart rate (cantering rhythm) was 
heard in 75% of the patients with HFrEF, then in 
 HFmrEF, as in HFpEF, it was significantly less 
common (16.7% and 11.9%, respectively).

Hepatomegaly was found in half of the HFrEF 
group, in 27.8% of the HFmrEF group, and in 
14.3% of the HFpEF group.

Since HF was stable beyond decompensation in 
all patients during study enrollment, no low sys-
tolic blood pressure was recorded. Interruptions in 
the cardiac function were registered more often in 
the HFmrEF group than in the other groups (50%).

Echocardiography with the analysis of the main 
indicators was performed to all patients to verify 
CHF (Table 3).

Most echocardiographic parameters (end-sys-
tolic dimension, end-diastolic dimension, left 

atrial dimension, and LVEF) were significant-
ly different among the groups depending on the 
range of LVEF. In the HFrEF group, the end-sys-
tolic dimension, end-diastolic dimension, and left 
atrial dimension were significantly higher, while 
the LVEF was  lower. In the HFmrEF group, the 
results were an average between the results of the 
HFpEF and HFrEF groups. The right ventricular 
dimension was significantly different between the 
HFrEF group and HFpEF group (p < 0.001), as 
well as between the HFmrEF group and HFrEF 
group (p = 0.003). The systolic pressure in the 
pulmonary artery was significantly different be-
tween groups 1 and 2, as well as between groups 
1 and 3.

The left ventricular myocardial mass index 
in male patients with HFrEF and HFmrEF was 
 higher than that in male patients with HFpEF. The 
left ventricular myocardial mass index in female 
patients with CHF was also higher in those with 
HFrEF and HFmrEF than in those with HFpEF.

Table 2. Symptoms/signs of patients with chronic heart failure using SACC (%)

Symptoms/signs
Left ventricular ejection fraction

р
Reduced (n = 16) Mid-range (n = 18) Preserved (n = 42)

Dyspnea 75.0 50.0 50.0
р1–2=0.252
р2–3=0.778
р1–3=0.155

Lower limb edema/swelling 100 66.7 50.0
р1–2=0.019
р2–3=0.364
р1–3=0.0002

Moist rales in the lungs 100 22.2 28.6
р1–2=0.0001
р2–3=0.456
р1–3=0.0001

Raised cephalic pole 50.0 27.8 11.9
р1–2=0.328
р2–3=0.256
р1–3=0.005

Change in body weight 75.0 27.8 14.3
р1–2=0.014
р2–3=0.357
р1–3=0.0001

Cervical vein swelling 12.5 0 0 р1–2=0.039
р1–3=0.039

Cantering rhythm 75.0 16.7 11.9
р1–2=0.0014
р2–3=0.686
р1–3=0.0001

Hepatomegaly 50.0 27.8 14.3
р1–2=0.328
р2–3=0.382
р1–3=0.012

Systolic blood pressure 
<100 mmHg 0 0 0 —

Interruptions in the cardiac 
function 12.5 50 23.8

р1–2=0.029
р2–3=0.089
р1–3=0.484

Note: р1–2, comparison of patients with reduced ejection fraction (EF) and mid­range EF; р2–3, comparison of patients with mid-
range EF and preserved EF; р1–3, comparison of patients with reduced EF and preserved EF; SACC, scale for assessing the 
clinical condition of a patient with chronic heart failure.
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Table 3. Echocardiographic findings in patients with chronic heart failure

Parameters Reference 
values

Left ventricular ejection fraction
рReduced  

(n = 16)
Mid-range  
(n = 18)

Preserved  
(n = 42)

Left atrial dimension, cm 2.3–3.7 4.49±0.52 4.09±0.29 3.67±0.38
р1–2=0.019
р2–3=0.002
р1–3 <0.001

Right ventricular dimen-
sion, cm 2.5–3.0 3.24±0.81 2.69±0.21 2.56±0.26

р1–2=0.003
р2–3=0.555
р1–3 <0.001

End-systolic dimension, 
cm 2.3–3.6 5.26±0.99 4.01±0.69 3.28±0.47

р1–2 <0.001
р2–3=0.002
р1–3 <0.001

End-diastolic dimension, 
cm 3.7–5.6 6.11±0.99 5.22±0.69 4.72±0.55

р1–2=0.002
р2–3=0.059
р1–3 <0.001

Pulmonary artery systolic 
pressure, mm Hg 23–26 58.44±22.53 36.81±14.13 26.50±12.40

р1–2=0.001
р2–3=0.083
р1–3 <0.001

Left ventricular EF, % 50–70 28.75±7.32 46.00±2.93 57.93±3.92
р1–2 <0.001
р2–3 <0.001
р1–3 <0.001

Left ventricular posterior 
wall thickness, cm 0.60–1.10 1.19±0.19 1.13±0.13 1.06±0.18

р1–2=0.65
р2–3=0.342
р1–3=0.04

Interventricular septum 
thickness, cm 0.60–1.10 1.26±0.25 1.18±0.23 1.15±0.22

р1–2=0.673
р2–3=0.435
р1–3=0.123

Left ventricular myocar-
dium mass, g/m2 67–224 406.06±116.65 302.00±66.4 235.38±77.04

р1–2=0.004
р2–3=0.034
р1–3 <0.001

Left ventricular myocar-
dium mass index, men, 
g/m2

71–94 213.10±61.92 157.90±26.67 145.25±40.39
р1–2=0.029
р2–3=0.761
р1–3=0.001

Left ventricular myo-
cardium mass index, 
women, g/m2

71–89 215.67±65.24 162.67±47.75 104.05±28.16
р1–2=0.087
р2–3=0.012
р1–3 <0.001

Note: р1–2, comparison of patients with reduced ejection fraction (EF) and mid­range EF; р2–3, comparison of patients with 
mid­range EF and preserved EF; р1–3, comparison of patients with reduced EF and preserved EF.

The prognosis of patients with CHF was as-
sessed according to the frequency of cardiovascu-
lar events by telephone interviews at 1 year after 
inclusion in the study. Data were available for 70 
(92.1%) of 76 patients. In the comparison using the 
Fisher test (small number of cases), a decrease in 
EF in CHF is accompanied by a tendency to an in-
crease in the frequency of achieving the endpoints 
(Table 4).

The combined endpoint was determined, which 
indicated all cardiovascular events, inclu ding 
non-fatal ones (i.e., myocardial infarction, stroke, 
acute decompensation of CHF, and thrombotic com-
plications). The combined endpoint (all cardiovascu-
lar events, including non-fatal events) was achieved 
by 14.3% of all patients with CHF. HFmrEF is the 

intermediate between HFpEF and HFrEF in terms 
of the frequency of all cardiovascular events (17.6%, 
10.8%, and 18.8%, respectively), nonfatal myocar-
dial infarction (5.9%, 0%, and 6.2%, respective-
ly), and thrombotic complications (5.9%, 5.4%, and 
6.2%, respectively). Cardiovascular mortality in 
HFmrEF was lower than that in HFpEF and HFrEF 
groups (0%, 2.7%, and 12.5%, respectively), as was 
the frequency of acute decompensation of HF (0%, 
2.7%, and 6.2%,  respectively).

Discussion. HFmrEF was found in 23.7% of all 
patients with HF, which corresponds to the data re-
ported by Solomon and Lam (2014), according to 
which HFmrEF is registered in 10%–20% of pa-
tients with HF [5]. Moreover, more patients with 
HFrEF (21.1%) were identified in the present study 
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than in the study by Kapoor et al. (2016) in which 
49% of the patients had HFrEF. The main reason 
is the inclusion of patients with stable CHF in the 
present study [6].

The results reveal that patients with HFmrEF 
and HFrEF have more common clinical presen-
tations than patients with HFpEF, including gen-
der distribution, age, CHF grade, testing by SACC, 
and HF duration. The same data were obtained in 
the CHARM study [7]. The TIME-CHF study re-
vealed that patients with HFmrEF represent an in-
termediate position in terms of age, proportion of 
women, dyspnea, peripheral edema, and rales in 
the lungs. Hepatomegaly and asthenia were de-
tected least often in the HFmrEF group [8]. In the 
CHART-2 Register, patients with HFmrEF had in-
termediate position between patients with HFrEF 
and HFpEF in terms of clinical characteristics [9].

As regards echocardiographic parameters, 
the main parameters (end diastolic dimension, 
end systolic dimension, left atrium dimension, 
right ventricular dimension, systolic pressure in 
the pulmonary artery, left ventricular myocardi-
al mass, and left ventricular myocardial mass in-
dex) were significantly different between patients 
with  HFmrEF and patients with HFrEF and HFpEF, 
ranking intermediate. Saikhan et al. analyzed 110 
patients with HFpEF and 61 patients with  HFmrEF 
and noted that left atrial function was more im-
paired in patients with HFmrEF, which is consis-
tent with the data of the present study [10].

Patients with different ranges of LVEF have dis-
tinctive traits in terms of the onset of cardiovascu-
lar events within the first year. Our findings that 
events such as cardiovascular mortality and prima-
ry endpoints occur more often in patients with re-
duced LVEF do not contradict the data of Solomon 
et al. who revealed that the incidence of cardiovas-
cular mortality increases in patients with reduced 
LVEF. In CHF with LVEF < 50%, the rate of car-
diovascular mortality was 4.1%. However, accor-
ding to this study, the frequency (4.9%) of CHF 
decompensation was higher in patients with LVEF 
>60% [11].

Our data confirm the results of previous stu­
dies that the frequency of cardiovascular events 
in HFmrEF is higher than that in HFpEF. There 
is a trend towards an increase in overall mortality 
among patients with HFmrEF compared with pa-
tients with HFpEF (p = 0.02) [12].

The SAVE study found a pattern of increase in 
mortality with a decrease in glomerular filtration 
rate [13]. Patients with reduced LVEF were consi-
dered at high risk of repeated hospitalizations due 
to CHF decompensation according to the GWTG 
register after 5 years of follow-up [14].

HFrEF, HFmrEF, and HFpEF are considered 
different phenotypes of the same syndrome, which 
is eventually accompanied by a decrease in cardi-
ac output and appearance of congestive signs, with 
a poor prognosis for cardiovascular events and hos-
pitalizations due to decompensation of CHF [15]. 

Table 4. Frequency of reaching the endpoints depending on the left ventricular ejection fraction (%)

Events
Left ventricular ejection fraction

р
Reduced (n = 16) Mid-range (n = 17) Preserved (n = 37)

Cardiovascular mortality, including 
non-fatal events 12.5 0.0 2.7

р1–2=0.227
р2–3=0.690
р1–3=0.206

Myocardial infarction 6.2 5.9 0.0
р1–2=0.740
р2–3=0.314
р1–3=0.301

Cerebral stroke 0.0 5.9 2.7
р1–2=0.515
р2–3=0.534
р1–3=0.698

Acute decompensation of heart 
failure 6.2 0.0 2.7

р1–2=0.484
р2–3=0.685
р1–3=0.516

Thrombotic complications 6.2 5.9 5.4
р1–2=0.742
р2–3=0.686
р1–3=0.668

All cardiovascular events (fatal and 
non-fatal) 18.8 17.6 10.8

р1–2=0.641
р2–3=0.665
р1–3=0.352

Note: р1–2, comparison of patients with reduced ejection fraction (EF) and mid­range EF; р2–3, comparison of patients with 
mid­range EF and preserved EF; р1–3, comparison of patients with reduced EF and preserved EF.
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The proposed selection of a group of patients with 
HFmrEF enables to consider them from the stand-
point of a single pathophysiological content and 
suggest some special aspects in the efficiency of 
drug therapy and prognosis, as noted in the pres-
ent study.

Study limitation. The authors acknowledge that 
data interpretation may have been influenced by 
the small sample size when patients were grouped 
according to the LVEF range. Thus, the cardiovas-
cular mortality of patients with HFmrEF was  lower 
to some extent than that of patients with HFpEF 
and HFrEF, which somewhat contradicts the data of 
a number of randomized clinical studies.

CONCLUSIONS
1. The clinical characteristics of patients with 

HFmrEF, such as etiological structure, age, gender, 
quality of life according to the Minnesota question-
naire, SACC, 6-minute walk test, as well as dis-
tribution by CHF grades, were not different from 
those in patients with HFrEF, but were significantly 
different from those in patients with HFpEF.

2. Symptoms and signs of CHF (i.e., presence of 
edema and change in body weight) in patients with 
HFmrEF were not different from those in patients 
with a reduced LVEF.

3. Echocardiographic findings from patients 
with HFmrEF are in the middle position when 
compared with patients with HFrEF and HFpEF.

4. The prognosis in patients with HFmrEF is not 
significantly different from those in other groups, 
being in an intermediate position in the frequency 
of achieving the combined endpoint.
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