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Introduction

A decrease in right ventricular  (RV) function is an event 
known to occur after coronary artery bypass grafting (CABG). 
Intraoperative or postprocedure RV dysfunction is linked with 
high postoperative mortality.[1,2]

RV dysfunction can be seen during and immediately after 
cardiac surgery. Although the mechanism of this phenomenon 
is not well understood, cardiopulmonary bypass time (CPB), 
perioperative myocardial ischemia, intraoperative myocardial 
damage, cardioplegia, and pericardial disruption or adhesion 
have been suggested as the probable causes.

RV assessment can be challenging due to its anterior location 
and complex crescent‑shaped geometry, which poses particular 
imaging difficulties in the intraoperative setting. Prior studies 
have shown that commonly used indices of RV function such 
as tricuspid annular plane systolic excursion (TAPSE) can be 
altered by pericardiotomy itself.[3,4] For example, decrements 
in longitudinal shortening have been shown to result in gains in 
transverse shortening,[5] thereby further limiting the traditionally 
used longitudinal measures of RV performance, TAPSE and 
right ventricular systolic excrusion velocity (RV S′).

Myocardial deformation via two‑dimensional speckle tracking 
echocardiography  (2D STE) provides incremental value in 
prognostic stratification as compared to the traditional indices 
for RV function evaluation.[6‑8] 2D STE has shown to have a 
significant correlation with RV ejection fraction by cardiac 
magnetic resonance.[9] STE imaging provides frame‑by‑frame 
tracking of natural acoustic marker. In particular, the 
angle‑independent nature of speckle tracking has the potential 
to overcome the limitations of 2D linear indices of TAPSE 
and S′ and is not influenced by translational movement due to 
respiration or tethering by the adjacent myocardium and less 
sensitive to signal noise. Several studies have revealed that RV 
longitudinal systolic strain measurements by STE may be a 
valuable method for assessing the RV function because it can 
provide prognostic data and is more reliable than conventional 
parameters.[10‑15] 2D STE is currently the method of choice. 
The goal of this study was to determine the effect of aortic 
cross‑clamp time and pump time on RV function by using both 
standard 2D and speckle tracking methods.
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Patients and Methods

We recruited patients who had been referred to our hospital’s 
echo lab from March 2019 to November 2019 for elective 
CABG. Of the total patients, one patient died 4  days after 
CABG because of massive pulmonary thromboembolism and 
four were lost to follow‑up; the study population (38 patients), 
therefore, comprised 27 men and 11 women. The mean age 
was 58.3 years (range, 42–81 years); 36.7% of the patients 
were  ≥65  years old. Twenty  (52%) patients had diabetes 
mellitus, 22  patients  (57.8%) were hypertensive, four 
patients (10%) had CRF, five patients (13%) had COPD, and 
4 patients  (10%) were in atrial fibrillation rhythm. Nobody 
had history of CABG [Table 1].

Surgical technique
Standard hypothermic (approximately 32°C) cardiopulmonary 
bypass was used in all patients. Blood cardioplegic solution, 
delivered via both antegrade and retrograde routes, was used 
to ensure myocardial protection. All patients in the study 
underwent total revascularization. In additional to CABG, 
five patients underwent valve surgery (one patient had aortic 
valve replacement, two patients had mitral valve repair [MVR], 
and two patients had MVR), none of the patients had severe 
tricuspid regurgitation and severe pulmonary hypertension, and 
there was no need for tricuspid valve (TV) ring annuloplasty 
or TV replacement [Table 2].

Study design
Transthoracic echocardiography (baseline 2D echocardiography, 
tissue doppler imaging, and speckel tracking of RV) were 
performed prior to CABG and 1 week after CABG by using 
commercial equipment (SIEMENCE echo machine (ACUSON 
S 2000)) [Table 3].

2D TTE RV systolic function was quantified using TAPSE, 
RV‑S′, and fractional area of change  (FAC), which were 
acquired in accordance with consensus guidelines. TAPSE 
was measured on M‑mode as the systolic excursion of the 
lateral tricuspid annulus along its longitudinal plane and 
RV‑S′ on tissue Doppler as the peak tricuspid annular velocity 
of excursion. FAC was measured through planimetry of 
end‑diastolic and end‑systolic contours in four‑chamber 
orientation. The established FAC cutoff (<35%) was used to 
identify RV dysfunction.

Speckle‑tracking strain images were analyzed offline for 
deformation analysis. Strain measurements were performed 
by an investigator experienced in the interpretation of 
echocardiographic images, blinded to the results of the 2D 
measurements. Each image was acquired in RV‑focused view 
with a frame rate >50 Hz for analysis of RV strain. The RV 
end‑diastolic endocardial border was manually traced and 
the software automatically generated a second line at the 
level of epicardium, delineating a region of interest frame by 
frame throughout the cardiac cycle. Epicardial contour was 
manually adjusted when necessary to optimize tracking. The 
established global longitudinal strain (GLS) cutoff (−20%) was 

used to identify RV dysfunction according to the European 
Association of Cardiovascular Imaging/American Society of 
Echocardiography inter‑vender comparison study (J AM Soc 
Echocardiography, 2015).

Table 2: Perioperative variables

Perioperative data  Result 
CABG + MVR 2 patients
CABG + MVR 2 patients
CABG + AVR 1 patient
CPB time 120 min
Aortic cross-clamp time 68.2 min
CABG: Coronary artery bypass grafting, CPB: Cardiopulmonary bypass 
time, MVR: Mitral valve repair, AVR: Aortic valve replacement

Table 3: Preoperative and postoperative 
echocardiographic parameters

Echo parameter  Result 
Preoperative RV enlargement* 2 (5%)
Postoperative RV enlargement 3 (7%)
Preoperative RV dysfunction+ 7 (18%)
Postoperative RV dysfunction 34 (89%)
Preoperative PHTN# 8 (21%)
Postoperative PHTN 6 (15%)
Preoperative PAP 32 mmHg
Postoperative PAP 29.2 mmHg
Preoperative LVEF (%) 48 (%)
Postoperative LVEF (%) 41.5 (%)
Preoperative TAPES 20 mm
Preoperative TAPES 13.73 mm
Preoperative SV 10 m/s
Postoperative SV 7 m/s
Preoperative GLS −19
Postoperative GLS −11
Preoperative FAC 36.5 (%)
Postoperative FAC 27 (%)
*RVEDD >34 mm in base of RV in RV focused view, +FAC<35% and 
SV <9.5 cm/s, #Systolic PAP >35 mmHg, based on TR velocity (4 TR 
velocity 2 + RAP). RV: Right ventricular, RVEDD: RV end-diastolic 
diameter, PAP: Positive airway pressure, FAC: Fractional area of change, 
TR: Tricuspid regurgitation, PHTN: Pulmonary hypertension, LVEF: Left 
ventricular ejection fraction, GLS: Global longitudinal strain, SV: Stroke 
volume

Table 1: Basic and demographic data of the participants

Basic data  Number  
n 38
Age 63.54
Female (%) 11 (28)
DM (%) 20 (52)
HTN (%) 22 (57)
CRF (%) 4 (10)
COPD (%) 4 (10)
AF (%) 4 (10)
COPD: Chronic obstructive pulmonary disease, HTN: Hypertension, 
CRF: Chronic renal failure, AF: Atrial fibrillation
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Statistics
For statistical analysis, SPSS software version  19 was used. 
Data were expressed as median and interquartile range or 
number (percentage).

Because the number of participants in the study was small, 
and many of the variable did not fit normal distributions, 
nonparametric test was used to compare the data.

Spearman`s coefficient was used to assess the correlation 
between RV function changes and cardiopulmonary bypass 
time and aortic cross‑clamp time.

The Wilcoxon matched‑pair single‑rank test helped in the 
comparison of pre‑ and post‑CABG values for GLS, TAPES, 
stroke volume (SV), and FAC.

Results

A total of 38 cases under CABG procedure were enrolled with 
a mean (standard deviation) age of 63.21 years (8.82) ranging 
from 44 to 81 years. None of the patients needed pacemaker 
and one patient, pre‑CABG, had an implantable cardioverter 
defibrillator.

Among them, 27 cases  (71.1%) were male patients. In this 
study, one patient had inferior + RV myocardial infarction, 
nobody had ischemic events after CABG, two patients were 
left circumflex artery dominant, and one patient had right 
coronary artery (RCA) anomaly, that originated from the left 
coronary system.

100% of the studied patients had left internal mammary artery 
(LIMA) graft to the left anterior descending (LAD) artery; 77% 
had LIMA graft to LAD artery, saphenous vein graft (SVG) to 
the obtuse marginal (OM) artery, and SVG to the RCA; 18% 
had both LIMA graft to the LAD artery and SVG to the OM 
artery; and 5% had both LIMA to LAD and SVG to RCA. 
The mean of CPB time was 120 min, and the mean of aortic 
cross‑clamp time was 68.2  min. RV free wall dysfunction 
was seen in 88% of patients. As demonstrated in Table 4, on 
Wilcoxon test, there was a statistically significant difference 
between TAPSE, FAC, SV, and GLS before and after CABG 
procedure that is shown as median (interquartile range).

By STE, there was a statistically significant decrease in 
RVGLS from −19 to −11 after CABG. There was a statistically 
significant decrease in right ventricle free wall longitudinal 
strain  (apical decrease from  −23.73 to  −13.7, mid‑cavity 
decrease from −25.76 to −11.53, basal decrease from −20.39 
to −10.13, and lateral wall declined from −23.01 to −9.13). 
There was a statistically significant decrease in interventricular 
septum longitudinal strain  (apical decrease from  −19.77 
to −10.06, mid‑cavity decrease from −17.81 to −10.87, and 
basal decrease from −15.89 to 11.13).

There was a significant correlation between preoperative 
TAPES and FAC  (P  =  0.002), preoperative FAC and SV 
(P = 0.001), preoperative TAPES and GLS (P = 0.011), and 
preoperative SV and GLS (P = 0.013).

Moreover, there was a significant correlation between 
postoperative TAPES and FAC (P = 0.045) and postoperative 
SV and GLS (P = 0.04).

There was no significant correlation between decline in RV 
function parameter (TAPES, GLS, FAC, and SV) and CPB 
and aortic cross‑clamp time [Table 5].

Discussion

RV dysfunction is recognized as an important factor of 
mortality and morbidity, and its importance as a prognostic 
index after surgery has been widely demonstrated.[11] Accurate 
postoperative assessment of RV function is crucial and should 
be based on reliable and reproducible measurements.

In practice, right ventricle echocardiographic evaluation has 
been limited in the past due to the complex structure and 
anatomy of the right ventricle, so myocardial deformation 
via 2D STE provides incremental value in prognostic 
stratification as compared to traditional indices for RV 
function evaluation. Despite the wide relevance of RV 
strain in the study of various RV disorders, this technique 
has been used infrequently in the evaluation of post‑CABG 
RV dysfunction.

Table 4: Preoperative and postoperative variables

Factors Before CABG After CABG P
GLS −19.0 (−21.0-  −11.0) −11.0 (−15.0- −9.0) 0.002
FAC 36.5 (31.0- 41.0) 27.0 (20.0- 30.0) <0.001
SV 10.0 (10.0- 10.25) 7.0 (6.0- 8.0) <0.001
TAPSE 20.0 (18.0- 21.0) 13.0 (12.0- 16.0) <0.001
GLS: Global longitudinal strain, FAC: Fractional area of change,  
TAPSE: Tricuspid annular plane systolic excursion, CABG: Coronary 
artery bypass grafting, SV: Stroke volume

Table 5: Correlation between pump time and aorta cross-
clamp time with different tricuspid annular plane systolic 
excursion, fractional area of change, Sv, and global 
longitudinal strain measures pre- and post-coronary 
artery bypass grafting

Factors Pump_time Aortic_cross-clamp_time
Diff_GLS

Correlation coefficient 0.013 −0.003
Significant (two tailed) 0.939 0.985

Diff_FAC
Correlation coefficient 0.146 0.001
Significant (two tailed) 0.381 0.997

Diff-SV
Correlation coefficient 0.253 0.183
Significant (two tailed) 0.125 0.271

Diff-TAPES
Correlation coefficient 0.061 0.113
Significant (two tailed) 0.717 0.499

GLS: Global longitudinal strain, FAC: Fractional area of change, TAPSE: 
Tricuspid annular plane systolic excursion, SV, RV systolic excrusion velocity
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Several hypotheses have been proposed to explain loss in RV 
performance, including (1) cardiopulmonary bypass use.[16,17] In 
a state of cardiopulmonary bypass, the body releases cytokines 
which initiate inflammation and pulmonary vasoconstriction. 
One of these cytokines is endothelin‑1.[18,19] Endothelin‑1 
has a vasoconstrictive effect on the pulmonary arterioles and 
might consequently influence RV afterload.[20] Endothelin‑1 
appears to play a modest role in healthy organisms, but 
probably plays a major role in many pathophysiological 
states.[21] Bond et al. demonstrated that patients with elevated 
postoperative endothelin‑1 levels stayed longer on the intensive 
care unit (ICU) and had longer overall hospitalization;[15] (2) 
geometrical changes of the RV chamber  (in association 
with interventricular septal paradoxical motion[22]);  (3) 
intraoperative ischemia;  (4) right atrial injury due to 
cannulation procedure;[23] (5) poor myocardial protection;[24] 
and (6) extramyocardial causes (pericardial disruption, changes 
in fossa oval, and postoperative adherence of the right ventricle 
to the thoracic wall[25]).

The primary aim of this study was to determine and predict 
the change in RV function after CABG and correlation of 
it with CPB time and aortic cross‑clamp time; baseline 
RV dysfunction was observed in 18% of the patients and 
postoperative function of RV reduces significantly in more than 
90% of patients, (P = 0.01) and is associated with significant 
alterations in RV GLS and conventional 2D RV parameter in 
comparison before and after CABG.

RV function reduces after cardiac surgery, and it is reported by 
most of investigators.[11] In our study (baseline vs. post‑CPB), 
TAPES decreased from 20 to 13.73 mm, SV decreased from 
10 to 7.11 cm/s, FAC decreased from 36.5% to 27%, and 2D 
STE GLS increased from −19 to −11.95.

In this study, the mean GLS in the preoperative period 
was −19, which was lower than normal, but the mean of other 
parameters (TAPES, FAC, and SV) was normal; this would 
have revealed GLS drop earlier and can predict subclinical 
RV dysfunction.

There was a significant correlation between preoperative 
TAPES and FAC  (P  =  0.002), preoperative FAC and 
SV (P = 0.001), preoperative TAPES and GLS (P = 0.011), 
and preoperative SV and GLS (P = 0.013).

Moreover, there was a significant correlation between 
postoperative TAPES and FAC (P = 0.045) and postoperative 
SV and GLS (P = 0.04).

However, there was no significant correlation between decline 
in RV function parameters (TAPES, GLS, FAC, and SV) and 
CPB and aortic cross‑clamp time.

Because post‑CABG RV dysfunction is accompanied with poor 
prognosis, this subject demonstrates the further importance of 
GLS versus other three markers to determine RV function. If 
this study was done with prognostic preferences, the authors 
would have able to calculate and measure the sensitivity and 

specificity beside positive and negative predictive values and it 
could have helped to elucidate the help true prognostic values 
of these markers, especially for GLS index.

A similar study by Rong et al.[26] in the USA in 2019 among 
53  patients revealed that abnormal RV strain is correlated 
with RV functional decline after CABG and offers important 
predictive role in predicting RV dysfunction in postoperative 
phase. Conversely, a study by Grønlykke et al.[27] showed that 
TAPSE had significant decrease after CABG, but SV and GLS 
were relatively stable and generally 3D echocardiography had 
regular underestimation of approximately 10%.

The cohort by Gozdzik et  al.[28] in Poland demonstrated 
among 69 cases that GLS was a good predictive factor for 
early outcome in post‑CABG phase that is in line with our 
results. Similarly, Howard‑Quijano et  al.[29] reported with 
a assessment of 163  cases that preoperative strain in 3D 
assessment is an independent predictor of clinical outcomes 
after cardiac surgeries including both acute and long‑term 
periods. However, the long‑term outcomes may be studied 
in the same population to attain more reliable results in our 
population. A review study by Abuelkasem et al.[30] declaimed 
that STE is an imaging modality that can recognize the small 
segments of the myocardium and develop further details for 
assessing global and regional RV dysfunction, as seen in our 
study.

A French study by Ternacle et  al.[31] assessed 425  patients 
under cardiac surgery and revealed that as a prognostic index, 
the GLS may predict post‑CABG mortality. However, in our 
study, similar findings were not seen due to smaller sample 
population and shorter follow‑up interval. Interestingly, Modin 
et al.[32] declaimed that corrected GLS (by RR interval) but not 
uncorrected GLS is significantly associated with higher risk 
of all‐cause mortality in cardiac patients.

Prolonged cumulative CPB time (>180 min) was significant 
in predicting mortality while adjusting for EuroSCORE 
II, postoperative complications, prolonged ICU stay, and 
prolonged mechanical ventilation.[33]

Prolonged cross‑clamping time and CPBT are associated 
with mortality and development of severe complications after 
valvular surgery for infective endocarditis.[34]

Among patients undergoing elective CABG operations, there 
is a direct and linear correlation between aortic cross‑clamp 
time and postoperative troponin I levels. We strongly advocate 
this 50 min threshold as a safety limit for aortic cross‑clamp 
time in elective CABG surgery.[35]

Acute intraoperative reduction in RV function occurs 
following CPB, independent of procedural characteristics and 
pericardiotomy.[36]

Regional and global RV function, as demonstrated by 2D 
markers and strain, acutely decline intraoperatively. Moreover, 
2D STE of the RV at baseline predicts intraoperative RV 
dysfunction, whereas conventional techniques do not. These 
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findings add to the growing body of literature demonstrating 
that RV function is significantly impaired during cardiac 
surgery and suggests that deformational imaging provides 
incremental value in predicting those who will develop RV 
dysfunction. The ability to predict this dysfunction could help 
identify those patients in whom further intraoperative supports 
are needed. The current study had some limitations.

This was the first study to report and assess RV function by RV 
speckle tracking and compare it with conventional methods in 
patients who underwent CABG before and after CABG and 
evaluate its relationship with CPB.

Limitations
Our study had several limitations. First the strain algorithms 
used in this study were validated for LV strain and were not 
designed for assessing RV strain, while the strain algorithms 
were not chamber specific.

Second, it was a single‑center study and the number of patients 
was small; thus, a multicentric study with high‑volume cases 
needs to be carried out.

Third, assessment of 2D speckle tracking is currently available 
only in the apical four‑chamber view, whereas the assessment 
of LV strain is obtained by the three classic views.

Fourth, strain values differ among different software vendors.

Conclusions

Global and regional RV functions, as measured by 2D 
indices and strain, acutely decline after CABG. The ability 
to predict this dysfunction could help identify those patients 
in whom support is needed. This subject demonstrates the 
further importance of GLS  (better parameter) versus other 
three markers to determine RV function and sub‑clinical 
RV dysfunction. In our study, we did not find a significant 
correlation between time of CPB and change in RV function.
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