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Abstract 

Background: Although acute inferior myocardial infarction (MI) is usually regarded as being lower 
risk compared with acute anterior MI, right ventricular (RV) myocardial involvement (RVMI) may show 
an increased risk of cardiovascular (CV) morbidity and mortality in patients with inferior MI. CMR is ideal 
for assessing the RV because it allows comprehensive evaluation of cardiovascular morphology and 
physiology without most limitations that hinder alternative imaging modalities. 

Objectives: To evaluate the sensitivity of strain and strain rate of the RV using 2D speckle tracking 
echo and the neutrophil/ lymphocyte ratio (NLR) compared to cardiac MRI (CMR) as the gold standard 
among patients with inferior STEMI undergoing primary percutaneous coronary intervention (PCI). 

Methodology: 40 Patients with inferior MI who had primary PCI were included in the study; they 
were divided into two groups according to the RVEF using CMR. NLR was done in comparison to RVEF.

Results: out of the 40 patients, 18 (45%) patients had RV dysfunction. 2D echocardiography was 
done for all patients, where fractional area change (FAC) in the RV dysfunction group appeared to be 
signifi cantly reduced compared to the group without RV dysfunction (p value = 0.03). In addition, RV 
longitudinal strain (LS) by speckle tracking echo was reduced with an average of 19.5 ± 3.9% in the RV 
dysfunction group.

Both CMR- derived RV SV, and EF were lower among the RV dysfunction group, (26.8 ± 15.8) ml and 
(35.4 ± 6.9)% respectively, with large RV systolic volume, with a highly statistically signifi cant diff erence 
in comparison to the other group (p value = 0.000). Complications, heart block was signifi cantly higher in 
patients with RV dysfunction (p value = 0.008) as it occurred in 5 (27.8%) patients.

N/L ratio for predicting RV dysfunction by CMR had a cut-off  value of > 7.7 with low sensitivity (38.8%) 
and high specifi city (77.3 %). In contrast, LS for predicting RV dysfunction by CMR had high sensitivity 
(83.3%) and high specifi city (63.6%) with p value = 0.005.

Conclusion: Our results showed that RV dysfunction in inferior MI is better detected using cardiac 
magnetic resonance imaging. In inferior STEMI patients who underwent primary PCI, NLR has low 
sensitivity but high specifi city for predicting RVD when measured by cardiac MRI.

https://crossmark.crossref.org/dialog/?doi=10.29328/journal.jccm.1001120&domain=pdf&date_stamp=2021-11-23
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Introduction
Despite advancements in invasive treatment strategies 

and antiplatelet, anticoagulant, and anti-ischemic treatment 
options, the mortality rate is high in patients with myocardial 
infarction (MI) [1]. 

Autopsy indings showed that right ventricular myocardial 
involvement (RVMI) is observed in up to 50% of patients with 
inferior ST-segment elevation myocardial infarction (STEMI). 
However, the long-term prognosis is generally good for those 
who survive the event [2]. 

RV function is an important parameter in cardiac disease. 
In the clinical arena, two-dimensional echocardiography 
can be used to assess RV dysfunction. In addition, several 
new echocardiographic techniques, including tissue Doppler 
imaging (TDI), strain rate imaging using speckle tracking 
echo (STE), real-time three-dimensional echocardiography 
(RT3DE), and contrast echocardiography, may further 
enhance our capability for assessing RV function [3].

CMR is the gold standard technique for assessing right 
ventricular function. It is a non-invasive tool providing high-
resolution three-dimensional images of the heart [4]. CMR is 
both accurate and reproducible concerning quantitative RV 
volumes, structure, and function assessment. Combining a 
time-resolved 3D dataset, clear distinction between the blood 
pool and the myocardium, and high spatial and temporal 
resolutions allow for accurate RV measurements regardless of 
its morphology or orientation within the thorax and without 
geometrical assumptions [5].

RV LS is acquired using tissue Doppler imaging or speckle-
tracking imaging. Since strain values by tissue Doppler imaging 
are angle-dependent, RV LS is now measured by 2DE speckle 
tracking analysis. RV-free wall LS is the strain in the RV-free 
wall on the apical 4-chamber view. RV global LS is de ined 
as averaged strain on the RV-free wall and interventricular 
septum. RV-free wall strain is generally higher than RV global 
LS [6].

Pooled data (though heavily weighted by a single vendor) 
suggest that global longitudinal RV free wall strain > -20% 
(i.e., < 20% in absolute value) is likely abnormal [7].

MI triggers an intense in lammatory response essential for 
cardiac repair, but it is also implicated in the pathogenesis of 
post-infarction remodeling and heart failure [8].

The current study evaluates the sensitivity of the NLR and 
RV function and strain compared to CMR among patients with 
inferior STEMI undergoing primary PCI.

Methods
Study design and population

A prospective observational cross-sectional study analyzed 

patients from March 2019 till September 2019 with inferior 
STEMI presented within 12 h from the symptom onset that 
underwent primary PCI in Assiut Heart Hospital.

Out of 95 patients who presented with inferior MI and 
underwent primary PCI, 40 underwent CMR and echo, as 
shown in Figure 1.

All 40 patients underwent full examination and history 
taking then 12 leads ECG was recorded immediately after 
admission to the emergency room. In addition, blood samples 
were collected from the antecubital vein at the emergency 
room for laboratory analysis.

Diagnostic ST elevation in the absence of left ventricular 
hypertrophy (LVH) or left bundle-branch block (LBBB) 
as de ined by the European Society of Cardiology (ESC)/
American College of Cardiology Foundation (ACCF)/American 
Heart Association (AHA)/World Heart Federation Task Force 
for the Universal De inition of Myocardial Infarction as new 
ST elevation at the J point in at least two contiguous leads of 2 
mm (0.2 mV) in men or 1.5 mm (0.15 mV) in women in leads 
V2–V3 and/or of 1 mm (0.1 mV) in other contiguous chest 
leads or the limb leads [9].

All cases underwent primary PCI according to the time 

 

95 patients presented by inferior MI and underwent primary PCI 

14 cases were excluded according to the exclusion criteria: 

-2 casese had pulmonary hypertension and dilated right side 

-3 cases had active infection              -4 cases were haemodynamically unstable 

-3 cases with previous PCI  and 1 case with history  of CABG 

-1 case had malignancy on chemotherapy. 

81 cases were selected to do MRI 

-10 cases refused to do MRI 

-10 cases couldn't hold their breath 

-4 cases had claustrophobia 

-3 cases had contraindications to do MRI 

-7 cases were haemodynamically unstable 

47 cases underwent echo and MRI 

7 of them had bad echo window so borders of the RV couldn't be defined 

40 patients underwent both MRI and echo 

Figure 1: The study scheme.
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frame of the ESC guidelines within less than 120 minutes from 
ECG diagnosis to detect angiographic variables as the infarcted 
related artery, target lesion location, TIMI low before and 
after PCI [10].

Echocardiography and speckle tracking imaging

Within 24 hours of primary PCI, 2D echo and speckle 
tracking echocardiography were done using Phillips healthcare 
Epiq 7 C, release 1.7.1 using S5-1 probe. In addition, tricuspid 
annular plane systolic excursion (TAPSE); 2. Fractional area 
change (FAC), and tissue Doppler imaging (systolic annular 
velocity (‘’S’) were performed and collected for each patient.

Apical four-chamber views were speci ically optimized 
to visualize the right ventricle and obtain echocardiographic 
cine loops by recording three consecutive heart cycles (> 61 
frames per second). Data were stored in a mobile device in 
DICOM format, and of line analyses were performed using 
QLAB 10.4 software (Philips Healthcare). The interest (ROI) 
region was automatically estimated and adjusted to it the RV-
free wall thickness and the septum. Adequate tracking was 
veri ied in real-time and was corrected by adjusting the ROI 
or manually editing the contour to ensure optimal tracking. 
Special care was taken to ine-tune the region of interest using 
visual assessment during cine loop playback to ensure that 
the segments were tracked appropriately. 

Cardiac MRI scan

All MRI scans were performed within 24 hours of Philips’s 
admission (Ingenia, Philips Medical Systems, the Netherlands) 
1.5 Tesla MRI scanner using a phased array cardiac receiver 

coil. After visualizing the heart’s long and short axes, a 
multiphase steady-state free precession sequence (SSFP) with 
retrospective electrocardiographic triggering was applied to 
visualize two-chamber, three-chamber, and four-chamber 
views. Guided by these views, a multislice and multiphase 
SSFP sequence was applied perpendicular to the ventricular 
septum, encompassing the whole heart. These sequences were 
individually adjusted to acquire short-axis slices with optimal 
spatial and temporal resolution. All patients underwent 
standard cine steady-state-free precession images of the left 
ventricle and the right ventricle in the long-axis planes and a 
stack of short-axis.

T2 weighted images were obtained using a T2 weighted 
triple inversion recovery breath-hold pulse sequence 
(repetition time 2 x R-R interval, echo time 80 ms; lip angle 
180°, voxel size 0.71 x 0.71 x 8.0 mm).

Image analysis

Of line analysis was done with dedicated Philips software. 
Cine loops were used to choose end-diastole (ED) and end-
systole (ES). ED was de ined as the phase with the largest RV 
(and left ventricular (LV)) cavity and ES as the phase with 
the smallest RV and LV cavity. Tracing of endocardial and 
epicardial borders was performed manually on each ED and 
ES short-axis view. The sums of the traced contours in ED and 
ES were used to calculate ED volume (EDV) and ES volume 
(ESV) using a disc summation technique. EDV and ESV were 
used to calculate Stroke Volume (SV) and Ejection Fraction 
(EF). SV was de ined as EDV - ESV, and EF as [(EDV - ESV)/
EDV] × 100%, as shown in Figure 2.

Figure 2: RV analysis by CMR.
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Analysis of the right ventricle was performed per slice 
basis by manual contouring of the endocardial and epicardial 
borders, including trabeculations and papillary muscles as 
part of the right ventricular volume was calculated based on 
the Simpson’s method.

Body surface area (BSA) has been shown to have an 
independent in luence on RV mass and volumes. Absolute 
and normalized RV volumes are signi icantly larger in males 
compared to females. Further, RV mass and volumes decrease 
with age [11,12].

Areas with increased signal intensity on T2 weighted 
images were analyzed qualitatively with an expert (Y.G.) and 
were delineated manually. Areas with falsely increased power 
due from the blood pool close to endocardium due to slow 
low were excluded.

Statistical analysis

Data was collected and analyzed using SPSS (Statistical 
Package for the Social Science, version 19, IBM, and Armonk, 
New York). Continuous data were expressed in mean ± SD 
or median (range), while nominal data were expressed in 
frequency (percentage).

Chi-square test (independent sample T-test) was used to 
compare the nominal data of different groups in the study, 
while crosstab was used to compare the mean of two different 
groups. Spearman correlation was used to determine the 
correlation between different continuous parameters 
in the study and RV function. p value was signi icant if < 
0.05. Receiver operator characteristic (ROC) analysis was 
performed to select cut-off values with suitable sensitivity and 
speci icity to detect RV function factors.

Results
Patient data and characteristics

Forty patients were included in the study. The mean age of 
the studied population was 58.5 ± 7.8 years, 85% were males, 
and 72% were smokers. 42% of the patients were known to 
have DM, and 32% were known to have HTN. The onset of 
chest pain in the studied patients was within 5.4 ± 2.4 hours. 
The study population was divided into two groups based on 
RVEF detected by CMR. Patients with RV dysfunction (RVD) 
(n = 18) was de ined as EF < 50% and another group with no 
RV dysfunction (Non -RVD) (n = 22) with EF ≥ 50%. 

Baseline demographic data did not show a signi icant 
difference between the groups. Still, ST-segment elevation in 
the right leads was signi icantly higher in patients with RVD 
with a p value of 0.003. 

Clinical data did not show a signi icant difference except 
that heart block was signi icantly higher in patients with RVD 
as it occurred in 5 (27.8%) patients. In contrast, it ‘did not 
occur in any patient with absent RVD with p value = 0.008, as 
shown in Table 1.

Angiographic data

The mean door to balloon in lation time was 30.2 ± 11.6 
minutes, and according to the angiographic data, IRA of 33 
(82.5%) patients was RCA.

Angiographic data did not show a signi icant difference 
between the groups of the RV function. 

Cardiac MRI derived analysis

Right ventricular volumes and ejection fraction: 

There was a signi icant reduction in the RVEF among 
the RVD where the average RvEF was 35.4 ± 6.9% vs. 62.6 ± 
10.3% in non -RVD, with a marked increase of 57.4 ± 18.3 ml/
m2 in the ESVi in the Non-RVD group vs. 32.7 ± 12.4 ml/m2 in 
the non-RVD group. While the EDVi didn’t show a signi icant 
difference in both groups.

Lower values regarding CMR-derived RVEF and SV; (46.7 
± 13.0) % and (36.5 ± 18.6) ml, respectively, were seen in the 
RCA-IRA group. Both values showed a signi icant difference 
compared to other IRA groups; p values were 0.005 for EF and 
0.004 for SV. The largest ESV was seen in the RCA-IRA group 
(82.3 ± 27.4) ml with a signi icant difference (p value 0.02), 
shown in Table 2.

T2 mapping and myocardial edema

Signal enhancement on T2 STIR images was detected in 
25% (n = 10) of the studied population. However, myocardial 
enhancement didn’t signi icantly correlate with reduced 
longitudinal strain or NLR, p value >0.05.

Echocardiographic parameters compared to CMR

Fractional area change (FAC) was 34.5 ± 12.3% in the RVD 
group, which appeared to be signi icantly reduced compared 
to the group without RVD with FAC of 42.9 ± 11.9% p value 
0.03). 

Table 1: Demographic data, ECG fi ndings, and clinical data of the RV function groups.

Variable
RV dysfunction RV dysfunction

p value
Present (n = 18) 45% Absent (n = 22) 55%

Age (years) 60.0 ± 8.7 57.4 ± 6.9 0.32
Weight (kg) 76.6 ± 9.9 72.4 ± 9.8 0.19
Height (cm) 169.4 ± 5.5 170.1 ± 7.1 0.75
Smoking 12 (66.7%) 17 (77.3%) 0.45
HTN 5 (27.8%) 8 (36.4%) 0.56
DM 5 (27.8%) 12 (54.5%) 0.08
ST segment elevation:

- Right leads
- Lateral leads
- Posterior leads

10 (55.6%)
Zero

3 (16.7%)

5 (22.7%)
4 (18.2%)
4 (18.2%)

0.03**
0.05**

0.9
Onset of chest pain (hours) 4.8 ± 1.4 5.9 ± 3.0 0.15
Cardiogenic Shock 3 (16.7%) 2 (9.1%) 0.47
Heart Block 5 (27.8%) Zero 0.008**
Arrhythmia:

- AF
- VF
- VT

2 (11.1%)
Zero

1 (5.6%)

1(4.5%)
1 (4.5%)
1 (4.5%)

0.7

Data were expressed in the form of mean ± SD and frequency (percentage). Cm; 
centimeters; Kg: Kilo-grams; DM: Diabetes Mellitus; HTN: Hypertension; AF: Atrial 
Fibrillation; VF: Ventricular Fibrillation; VT; Ventricular Tachycardia
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For the TDI measurement, only ‘A’ velocity and the 
isovolumetric relaxation time (IVCT) were signi icantly 
reduced in the RVD group versus the non-RVD group (p value 
= 0.05, 0.02 respectively). RV LS by speckle tracking echo was 
-19.5 ± 3.9% in the RVD group, which showed a signi icant 
difference from the non-RVD group (p value = 0.008), Table 3.

AUC for longitudinal strain for predicting RV by CMR was 
0.729 with a signi icance level, p value = 0.005, as shown in 
Figure 3 and Table 5. Thus, LS < -15.6 was found to predict 
RVD with a sensitivity of 83.3 and speci icity of 63.6.

Lower values regarding CMR-derived RVEF and SV; (46.7 
± 13.0) % and (36.5 ± 18.6) ml, respectively, were seen in the 
RCA-IRA group. Both values showed a signi icant difference 
compared to other IRA groups; p values were 0.005 for EF and 
0.004 for SV. The largest ESV was seen in the RCA-IRA group 
(82.3 ± 27.4) ml with a signi icant difference (p value 0.02), 
shown in Table 2.

Neutrophils leucocytic ratio analysis

The neutrophil count was higher (78.5 ± 8.7 (10^3/uL)) in 
the RVD group, while the lymphocytic count was lower (14.2 
± 6.0 (10^3/uL)), so the N/L ratio was higher (7.3 ± 5.2) in the 
RVD group as shown in Table 4.

ROC curve analysis showed that the cut-off value of the 
N/L ratio for predicting RVD by CMR was > 7.7 with sensitivity 
38.89 and speci icity 77.27 with a p value of 0.65, as shown in 
Figure 4 and Table 6.

Table 2: RV function by MRI of the diff erent IRA groups.

Variables
LAD

n = 1 (2.5%)
LCX

n = 5(12.5%)
OM

n = 1(2.5%)
RCA

n = 33 (82.5%)
p value

EDV(ml) 126.7 103.4 ± 26.3 136.6 120.2 ± 34.2 0.69
ESV (ml) 83.2 74.5 ± 32.5 22.8 82.3 ± 27.4 0.02
SV (ml) 43.5 55.9 ± 35.9 113.9 36.5 ± 18.6 0.004
EF (%) 55.6 66.7 ± 22.4 86.8 46.7 ± 13.0 0.005

Data were expressed in the form of mean ± SD and frequency (percentage). IRA: 
Infarcted Related Artery; LAD: Left anterior Descending; LCX: Left Circumfl ex; OM2: 
Obtuse Marginal 2; RCA: Right Coronary Artery; EDV: End-Diastolic Volume; ESV: 
End-Systolic Volume; SV: Stroke Volume; EF: Ejection Fraction; ml: milliliter

Table 3: Echocardiographic characteristics of the RV function groups.

Variable
RV dysfunction  Non RV dysfunction

p value
 (n = 18) 45% (n = 22) 55%

TAPSE (mm) 17.2 ± 4.2 20.0 ± 5.5 0.14
E/A ratio 0.9 ± 0.3 0.9 ± 0.3 0.78
FAC (%) 34.5 ± 12.3 42.9 ± 11.9 0.03**
TDI:

S' velocity (cm/s)
E' velocity (cm/s)
A' velocity (cm/s)
IVRT (ms)
IVCT (ms)

11.1 ± 2.7
8.3 ± 2.6

13.0 ± 3.3
85.2 ± 13.3
79.0 ± 18.8

12.0 ± 4.0
9.1 ± 3.5

15.5 ± 4.8
77.8 ± 17.5
98.1 ± 29.0

0.39
0.44

0.05**
0.14

0.02**
Longitudinal strain% -19.5 ± 3.9 -15.3 ± 5.3 0.008**
Data were expressed in the form of mean ± SD and frequency (percentage). TAPSE: 
Tricuspid Annular Plane Systolic Excursion; mm: millimeter; FAC: Fractional Area Change; 
TDI: Tissue Doppler Imaging: cm/s; centimeter/second; S': Systolic Annular Velocity; E': 
Early Diastolic Annular Velocity; A': Late Diastolic Annular Velocity; ms: millisecond; IVRT: 
Iso-Volumetric Relaxation Time; IVCT: Iso-Volumetric Contraction Time.
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Figure 3: ROC curve of the longitudinal strain for predicting RV dysfunction by MRI.
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Figure 4: ROC curve of N/L ratio for predicting RV aff ection by CMR.

Table 4: Angiographic and laboratory data of the RV function groups.

Variable
RV dysfunction RV dysfunction

p valuePresent (n = 18)
45%

Absent (n = 22)
55%

Door to balloon infl ation (mins) 28.9 ± 7.8 31.4±14.1 0.51
IRA:

- LAD
- LCX
- OM2
- RCA

zero
1 (5.6%)

Zero
17 (94.4%)

1 (4.5%)
4 (18.2%)
1 (4.5%)

16 (72.7%)

0.40

Initial TIMI fl ow:
- I
- Zero

3 (16.7%)
15 (83.3%)

5 (22.7%)
17 (77.3%)

0.63

Target lesion location:
- Distal segment
- Midsegment
- Proximal segment

4 (22.2%)
5 (27.8%)
9 (50%)

5 (22.7%)
6 (27.3 %)
11 (50%)

0.99

Final TIMI fl ow:
- III
- Zero

18 (100%)
Zero

21 (95.5 %)
1 (4.5%)

0.36

Neutrophilic count (10^3/uL) 78.5 ± 8.7 76.8 ± 9.3 0.57
Lymphocytic count (10^3/uL) 14.2 ± 6.0 15.6 ± 7.0 0.50
N/L ratio 7.3 ± 5.2 6.4 ± 4.1 0.54
Data were expressed in the form of mean ± SD and frequency (percentage). TIMI: 
Thrombolysis In Myocardial Infarction; IRA: Infarcted Related Artery; LAD: Left 
Anterior Descending; LCX: Left Circumfl ex; OM2: Obtuse Marginal 2; RCA: Right 
Coronary Artery; N/L ratio: Neutrophil/Lymphocytic Ratio.

Table 5: ROC curve of the longitudinal strain. 
Sample size 40

Positive groupa 18 (45.00%)
Negative groupb 22 (55.00%)

Disease prevalence (%) 45.0
Area under the ROC curve (AUC) 0.729

Standard Errora 0.0818
95% Confi dence intervalb 0.565 to 0.857

z statistic 2.794
Signifi cance level P (Area = 0.5) 0.0052

Cutoff  value ≤ -15.6
Sensitivity 83.33
Specifi city 63.64

aRvaff ect = 1; bRvaff ect = 0
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Discussion
Right ventricular dysfunction (RVD) can be observed 

in 30% to 50% of patients with inferior wall myocardial 
infarction (Inf-MI) and is usually associated with high 
mortality. Therefore, early detection of right ventricular 
myocardial involvement (RVMI) plays a key role in planning 
the most appropriate treatment strategy and determining a 
favorable prognosis [13,14]. Primary percutaneous coronary 
intervention (PPCI) succeeded in achieving lower mortality 
rates than thrombolytic therapy in patients with RVMI [15].

The advantages of RV free wall LS measurements include 
potential means to assess myocardial contractility that is 
less loads dependent and can be applied in a wide variety of 
diseases [16].

Strain also has the advantage of overcoming “tethering” or 
the movement of the diseased myocardium via pulling by the 
healthy myocardium surrounding it [17].

CMR is currently considered the reference standard for 
functional and volumetric RV studies. Therefore, as a part of 
our study, CMR was used to divide the study group into RVD 
and non RVD groups, which demarcated the risk factor for 
developing RVD among inf MI patients. In concordance with 
our study’s result, Yaylak, et al. and Mohamed, et al. showed 
no signi icant difference between the two groups regarding 
age, DM, and HTN [18,19].

Our results also showed that the patients with heart block 
were signi icantly higher in the group with RVD. In addition, 
in cases with RV MI, which matched with Santangelo, et al.’s 
study, bradyarrhythmias were signi icantly higher in the 
group with severe RVD [20].

In our study, RCA as the IRA had the largest ESV and the 
lowest EF, which appeared to be statistically signi icant.

Speckle tracking echo showed that the longitudinal 
strain was signi icantly lower in the group with RVD. ROC 
curve analysis showed LGS cut-off value was < -15.6 with 
sensitivity 83.3% and speci icity of 63.6% with p value 0.005. 
In concordance, the result of our study is Kanar, et al. [21]. 

While standard echo, FAC in our study was signi icantly 
lower in the group with RV dysfunction with a p value of 0.03, 
which agreed with Santangelo, et al.  study, FAC < 35% was a 
statistically signi icant p value < 0.001 [20].

Neutrophils are seen as a marker of ongoing in lammation, 
and lymphocytes as a marker of regulatory pathways. 
The neutrophil-to-lymphocyte ratio (NLR) (calculated 
via dividing neutrophil count by lymphocyte count) as an 
indication of systemic in lammation has been demonstrated 
to be associated with poor clinical outcomes in various 
cardiovascular diseases, including acute coronary syndrome 
(ACS). Furthermore, high NLR to be independently and 
strongly associated with increased risk of complications and 
mortality post-acute MI [22,23].

By using the ROC curve analysis, the N/L ratio was higher 
than the results of Yaylak, et al. and Mohamed, et al. as, in their 
studies, the RV function was assessed by TAPSE, which is load 
and angle-dependent [18,19]. Still, we used CMR to detect RV 
function, which has been established as the gold standard 
imaging method for assessing RV function and myocardial 
ibrosis [24,25].

Conclusion
RV dysfunction in inferior MI is better detected using 

cardiac magnetic resonance imaging. While LS in speckle 
tracking has higher sensitivity in detecting RV dysfunction, 
NLR has low sensitivity but high speci icity for predicting RVD 
compared to CMR.

Limitations

The sample size was relatively small due to the dif iculty in 
doing MRI by all the patients.

Inability to do gadolinium enhancement CMR due to 
inancial issues.
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