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Purpose: To assess whether thoracic non-cardiac surgery has an influence on right ven-
tricular function (RVF) compared to known impaired postoperative RV function after 
cardiac surgery.
Methods: In all, 50 patients (mean age: 61 years), who underwent thoracic non-cardiac 
surgery were included and matched using propensity score to 50 patients, receiving coro-
nary artery bypass graft surgery (CABG) (CABGmatched). All patients had transthoracic 
echocardiography (TTE) including two-dimensional speckle tracking (2D-STE) and tis-
sue Doppler imaging (TDI) pre- and 1 week postoperatively. 
Results: No significant changes in RV measurements including tricuspid annular plane 
systolic excursion (TAPSE), tricuspid annular systolic velocity (TASV), RV fractional 
area change (RV-FAC), and 2D-STE of the RV and RV freewall within the thoracic 
non-cardiac surgery patients comparing pre- and postoperative values. Comparing RV 
TTE values between CABGmatched patients and thoracic surgery patients, only TAPSE dif-
fered between groups preoperatively (p <0.0001), where postoperatively, all RV measure-
ments differed significantly between the two groups: TAPSE (p <0.0001), TASV (p <0.001), 
RVFAC (p = 0.005), and RV 2D-STE (p <0.0001) indicating impairment of RV function 
post-CABG surgery compared to thoracic non-cardiac surgery.
Conclusion: Thoracic non-cardiac surgery including an opening of the pleural cavity did 
not influence RV function early postoperative, whereas CABG surgery with pericardiot-
omy led to an impaired global RV function.
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Introduction

The non-invasive assessment of systolic right ventricu-
lar function (RVF) has gained increasing evidence in 
clinical practice and plays a central role in various clini-
cal scenarios including ischemic heart disease, cardiomy-
opathies, and especially in the management of pulmonary 
artery hypertension (PAH).1–5) Aside of these diseases, 
RVF is an important aspect while examining and treating 
patients after cardiac surgery, in particular after coronary 
artery bypass graft surgery (CABG). Previous studies 
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have shown that due to cardiac surgery, RVF is a crucial 
determinant of the postoperative outcome.6–10) Cardiac 
magnetic resonance (cMR) imaging remains the gold 
standard in the assessment of RV morphology (e.g., vol-
umes and diameters) and function, particularly via ejec-
tion fraction (EF). In spite of its diagnostic value, several 
technical and infrastructural limitations still prevail. To 
name a few, a maximum frame rate of 35 images per 
second, immense costs in operations and maintenance, 
staff resource-intensity, and/or missing availability in 
non-maximum-care hospitals.1,3,11) Two-dimensional (2D) 
transthoracic echocardiography (TTE) has evolved tech-
nically and costly over the past decade and is now almost 
ubiquitously available in daily clinical routine.3,12–15) 
Regarding quantification of systolic RVF, standard TTE 
is not able to deliver the same values to the intricacy of 
RV geometry compared to the left ventricle (LV). Three- 
dimensional echocardiography somewhat appears to be the 
technical solution for quantifying RVF by EF, but the 
downside being dependent on excellent image quality, 
which is hardly achieved in clinical practice, especially 
after cardiac surgery. Surrogate parameters like tricuspid 
annular plane systolic excursion (TAPSE) or RV fractional 
area change (RV-FAC) fairly approximate RVF compared 
to cMR.1,3) In addition, recent parameters derived by tissue 
Doppler imaging (TDI) via tricuspid annular systolic 
velocity (TASV) or deformation imaging using two- 
dimensional speckle tracking (2D-STE) to quantify global 
longitudinal strain (GLS), and strain rate (SR).16,17) The 
deterioration of TASPE and TASV after cardiac surgery, 
especially after opening the pericardial cavity, is a familiar 
acute and long-term circumstance and is significant.5,6,8–10) 
Only two earlier studies showed the effects of thoracic sur-
gery on systolic right heart function.4,18) Furthermore, the 
knowledge about changes in RVF after cardiac and tho-
racic surgery is still somewhat incomplete.

The aim of our study was to evaluate whether the 
opening of the chest in thoracic surgery procedures, 
either as an open surgery via lateral thoracotomy or 
minimal-invasive via video-assisted thoracoscopic sur-
gery (VATS), affects RV- and LV-function postopera-
tively, in comparison to the RVF in patients undergoing 
coronary artery bypass surgery (CABG) using 2D-TTE.

Methods

Patient collective and study protocol
After approval from our local ethic committee (Ethik- 

Kommission an der medizinischen Fakultät der RWTH 

Aachen, EK: 151/09), all patients who underwent tho-
racic, non-cardiac, surgery (TS) at our institute were 
screened from January 2016 till December 2016. Exclu-
sion criteria for the TS group were as follows: 1) prior 
cardiac surgery, 2) atrial fibrillation, 3) coronary artery 
disease, 4) heart failure in medical history, 5) valvular 
heart disease, 6) inappropriate ultrasound windows, 
7) moderate or severe tricuspid insufficiency, and 
8) patient participated in other study. In all, 50 patients 
were included, and informed consent was obtained from 
each enrolled patient. As control group, we matched all 
patients in the TS group to CABG patients from our his-
torical control-cohort (120 patients).

Echocardiographic measurements
All patients underwent preoperative and postop-

erative standardized TTE. TTE was performed the day 
before operation and on the 7th postoperative day 
(POD). A complete standard M-mode and 2D echocar-
diographic exam including tissue-Doppler (TDI) and 
2D-STE was performed according to the guidelines of 
the European Association of Cardiovascular Imaging 
(EACVI) and American Society of Echocardiography 
(ASE).19,20) Biplane EF of the LV was measured using 
the Simpsons method from apical four (4CH)- and 
two-chamber (2CH) views. Peak systolic global longi-
tudinal strain average (GLS avg) from LV was mea-
sured from all three apical views. Pulsed-wave-Doppler 
(PWD) of the mitral-valve inflow was recorded quanti-
fying E- and A-wave velocity. É-wave velocity was 
measured using PWD-TDI of the septal and lateral 
mitral-valve annulus. RV diameter and area were mea-
sured in the modified 4CH. RV-FAC was calculated as 
(RV end-diastolic area (RVEDA) − RV end-systolic 
area ((RVESA)/RVEDA × 100). PWD measurement of 
the tricuspid inflow included E- and A-wave velocity. 
PWD-TDI of the free tricuspid annulus in the 4CH 
view was used to record É-wave velocity and TASV in 
cm/s. To evaluate TAPSE, the M-mode-slope of the tri-
cuspid lateral annulus measured from the onset of QRS 
complex to its maximum excursion at end systole. 
GLS and SR from the RV were measured in the modi-
fied 4CH (Fig. 1). In addition, the GLS and SR of the 
RV freewall were separately measured (Fig. 1). All 
echocardiography studies were performed using the 
Vivid E9 (GE Vingmed Ultrasound AS, Horten, Nor-
way) and the measurements were done with EchoPAC 
version BT 113 (GE Vingmed Ultrasound AS, Horten, 
Norway).
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Surgical procedures

CABG surgery
All patients underwent cardiac surgery through full 

median sternotomy. Procedures were performed on- 
pump using cardio pulmonary bypass. Myocardial 
protection was ensured through antegrade crystalloid 
cardioplegia with mild hypothermia (32–34°C). As our 
institutional standard, pericard was left open after CABG 
surgery.

Thoracic non-cardiac surgery
All thoracic procedures were performed under general 

anesthesia, and patients were intubated with a double- 
lumen tube for one-lung ventilation and positioned in a 
lateral decubitus position. An epidural catheter was posi-
tioned for postoperative analgesia. Procedures performed 
were as follows: atypical (non-anatomical) lung resec-
tions (n = 14, 28%), anatomical lobectomy (n = 21, 42%) 
or bi-lobectomies (n = 11, 22%), pleurolysis, pleurode-
sis, or tissue sampling (n = 4, 8%). Wounds were closed 
with absorbable and non-absorbable sutures.

Open thoracotomy
All operations were performed in the same manner. 

Using standard protocols, muscle-sparing antero- or pos-
terolateral thoracotomy were performed abreast the fifth 
intercostal space.

Video-assisted thoracoscopic surgery
VATS were performed using a uni- (n = 5, 29%) or 

multiportal (n = 12, 71%) technique. In uniportal VATS, 
the sixth intercostal space of the anterior axillary line 
was incised. For a multiportal VATS, two 1- to 2-cm 
ports were brought in at the level of the seventh intercos-
tal space of the mid-axillary line and the lateral scapular 
line. A minithoracotomy of 2–3 cm was performed 
between the fourth or fifth intercostal space of the ante-
rior axillary line. Standard thoracoscopic instruments 
were used and the whole situs visualized during opera-
tion procedure.

Statistical analysis
Continuous variables are expressed as mean ± stan-

dard deviation (SD) and categorical variables as absolute 

Fig. 1  �Study flow chart. Exemplary demonstration of selected RV measurements. (A) Global longi-
tudinal strain of RV measured in four chamber (4CH) view. (B) Global longitudinal strain of 
RV freewall measured in 4CH. (C) TASV estimated from TDI. (D) Pulsed Doppler (PW) of 
the tricuspid valve inflow. RV: right ventricular; TASV: tricuspid annular systolic velocity; 
TDI: tissue Doppler imaging
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numbers and percentages. Data analysis was performed 
with SPSS 23 (IBM, Chicago, IL, USA). Propensity scores 
were calculated for each patient in the thoracic surgery 
group (n = 50) and patients in our historical control cohort 
with CABG patients (n = 120) using multivariate logistic 
regression based on the following preoperative covari-
ates: Age, gender, EF, and body mass index (BMI). TS 
patients were matched to the CABG patients with the clos-
est propensity score with the nearest-neighbor algorithm 
without replacement and with a 0.2 matching tolerance.

Continuous repeated variables were analyzed with 
two-way ANOVA for the comparison between and within 
groups. Categorical variables were analyzed with a chi-
square test or, if appropriate, Fisher’s exact test, for the 
comparison between non-matched groups. McNemar test 
was used to compare categorical variables between TS 
patients and the matched CABG patients (CABGmatched). 
p values were reported as three digit numbers or with at 
least one non-zero digit. A p value < 0.05 was considered 
statistically significant. 

Results

All patients in the TS and CABGmatched groups had 
uneventful surgery. There were no serious adverse events 
and no in-hospital deaths. No relevant tricuspid regur-
gitation occurred postoperatively. In all, 18 patients in 

CABGmatched group had revascularization of their right 
coronary. In the TS group surgery, 33 patients had a lat-
eral thoracotomy (Thoracotomy group) and 27 patients 
had minimal invasive surgery (VATS). In the TS group, 
11 patients had bi-lobectomy surgery, 21 patients under-
went uni-lobectomy procedures, and 11 patients had 
atypical lung resection (Table 1).

Detailed demographic data of all TS and CABGmatched 

groups are presented in Table 1. Mean age of the TS 
patients was 61.2 ± 12.4 years including 21 females. 
Mean patients age in the CABGmatched group was 64.5 ± 
8.5 years including 19 females. The matched group did 
differ in many known risk factors such as peripheral artery 
disease (PAD), nicotine abuse, and insulin-dependent 
diabetes mellitus (IDDM) as presented in Table 1.

Echocardiographic findings within the groups

Thoracic surgery patients
Within the thoracic surgery group (n = 50), no signifi-

cant changes could be detected in any measured RV and 
LV parameters postoperatively compared to preopera-
tively (Table 2).

Subgroup VATS
Also in patients, who underwent minimal-invasive 

thoracic surgery via VATS, RV, and LV echo parameters 

Table 1  Patient demographics

Thoracic  
(n = 50)

CABG matched  
(n = 50)

p values
VATS  

(n = 17)
Thoracotomy  

(n = 33)
p values

Mean age (y)   61.2 ± 12.4 64.5 ± 8.5 0.103 59.69 ± 16.0 61.78 ± 10.5 0.617
Female, n (%)     21 (42.0) 19 (38) 0.193   8 (47.1) 13 (39.4) 0.763
BMI (kg/m2) 25.8 ± 4.4 25.2 ± 6.8 0.618 26.6 ± 4.3 25.0 ± 4.5 0.292
COPD, n (%)     10 (20.0)   6 (12) 0.001 1 (5.9)   9 (27.3) 0.133
CAD, n (%)     8 (16.0) 50 (100.0) 0.008   3 (17.7)   5 (15.2) 0.999
Creatinine (mg/dl)   1.1 ± 0.3   1.0 ± 0.3 0.098   1.0 ± 0.2   1.0 ± 0.3 0.627
Hypertension n (%)     22 (44.0) 26 (52) 0.254   7 (41.2) 15 (45.5) 0.999
IDDM, n (%)     6 (12.0)     8 (16.0) 0.011   2 (11.8)   4 (12.1) 0.999
Nicotine, n (%)     18 (36.0)     14 (28.0) 0.011   5 (29.4) 13 (39.4) 0.548
Pre-op dialysis n (%)     1 (2.0)     0 (0.0) 0.087 0 (0.0) 1 (3.1) 0.999
PAD, n (%)     3 (6.0)     4 (8.0) 0.022 1 (5.9) 2 (6.1) 0.999
Atypical lung resection, n (%) 14 (28) -   6 (35.2)   8 (24.2) 0.510
Lobectomy, n (%) 21 (42) - 12 (70.6)   9 (27.2) 0.005
Bi-lobectomy, n (%)   11(22) - 1 (5.8) 10 (30.3) 0.072
Pleurolyse, pleurodese and PE, n (%) 4 (8) -   4 (23.5) 0 0.010
  1 CAD, n (%) - 3 (6) - -
  2 CAD, n (%) - 12 (24) - -
  3 CAD, n (%) - 35 (70) - -

BMI: body mass index; COPD: chronic obstructive pulmonary disease; CAD: coronary artery disease; IDDM: insulin-dependent 
diabetes mellitus; PAD: peripheral artery disease, CABG: coronary artery bypass grafting; PE: probe excision; Bold writing indicates 
significance.
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did not differ significantly comparing pre- and postoper-
ative values (Table 3).

Subgroup thoracotomy
Even the patients, who received open thoracic surgery 

with lateral thoracotomy, did not present significant changes 
in RV and LV TTE parameters postoperatively (Table 3).

Subgroup CABGmatched

On the other hand, almost all RV and LV measured 
parameters changed significantly indicating an impaired 
RV and LV function postoperatively compared to preop-
eratively. Only tricuspid valve inflow Doppler (E/A) and 
the mitral valve (E/é) did not change in the CABGmatched 
patients.

Echocardiographic findings between groups

Thoracic surgery patients vs. CABGmatched

Regarding the preoperative RV echocardiography 
parameters, only TAPSE and SR of the RV freewall 
showed significant changes between thoracic surgery 
patients and the CABGmatched group (TAPSE: 23.7 ± 4.6 
vs. 19.3 ± 2.5 mm, p <0.0001 and RV SR freewall: −1.6 
± 0.6 vs. −1.3 vs. 0.3, p = 0.027), respectively (Table 4). 
In terms of preoperative functional LV echo parameter, 

EF did not differ between thoracic surgery patients and 
CABGmatched group, whereas global peak longitudinal 
strain average of the LV (LV GLS avg.) was significantly 
lower in the CABGmatched group compared to the thoracic 
surgery group (−13.5 ± 4.0 vs. −19.3 ± 4.0, p < 0.0001, 
respectively). The mitral valve Doppler inflow ratio (MV 
E/A) was also significantly lower in the CABGmatcherd 
group compared to the thoracic surgery group, preopera-
tively (Table 4).

Postoperatively all RV echo parameters, including 
2D-STE and TDI, were significantly inferior in the 
CABGmatched group compared to the thoracic surgery 
group, indicating a postoperative impairment of the RV 
systolic function in the CABGmatched group compared to 
preserved RV function in thoracic surgery patients 
(Table 4). Regarding the postoperative LV-EF and LV 
GLS avg., both parameters were significantly lower in 
the CABGmatched group compared to the thoracic surgery 
patients (Table 4). The tricuspid valve Doppler-inflow 
parameter (TV E/A) and TDI (TV E/é) were in the nor-
mal range in both groups preoperatively, but postopera-
tively in the CABGmatched group TV E/A decreased and 
simultaneously TV E/é increased significantly compared 
to the thoracic surgery patients (Table 4), which sug-
gests a pseudonormal diastolic filling pattern of the 
RV in the CABGmatched group equating to second-degree 

Table 2 � Preoperative and postoperative echocardiographic findings within CABGmatched and thoracic 
surgery patient groups

CABGmatched (n = 50)
p values

Thoracic surgery (n = 50)
p values

Pre-op Post-op Pre-op Post-op

TAPSE (mm)   19.3 ± 2.6   10.3 ± 1.8 <0.0001   23.7 ± 4.6   23.1 ± 4.9 0.422
TASV (cm/s)   15.2 ± 4.1   9.7 ± 2.3 <0.0001   12.4 ± 3.3   12.1 ± 3.3 0.776
TV E/A   1.2 ± 0.2   1.1 ± 0.3 0.778   1.4 ± 0.5   1.3 ± 0.4 0.802
TV E/é   5.7 ± 1.3   8.5 ± 3.2 <0.0001   5.6 ± 2.8   6.2 ± 2.7 0.391
RV FAC (%)   53.2 ± 6.5   44.3 ± 6.7 <0.0001   52.5 ± 13.6   52.0 ± 8.9 0.944
GLS RV 4CH (%) −16.7 ± 4.6 −10.8 ± 2.6 <0.0001 −19.9 ± 4.8 −20.3 ± 5.6 0.951
GLS RV freewall (%) −23.4 ± 5.4 −14.2 ± 4.9 <0.0001 −25.1 ± 5.8 −24.4 ± 7.6 0.831
RV SR 4CH (1/s)   −1.0 ± 0.2   −0.6 ± 0.4 <0.0001   −1.1 ± 0.3   −1.2 ± 0.3 0.392
RV SR freewall (1/s)   −1.3 ± 0.3   −1.1 ± 0.3 0.023   −1.6 ± 0.6   −1.6 ± 0.5 0.713
Peak disp. basal (%)
  LVEF (%)   58.9 ± 5.0   55.8 ± 7.1 0.035   59.3 ± 8.2   60.3 ± 6.8 0.735
  GLS LV avg. (%) −13.4 ± 3.3 −10.4 ± 2.6 <0.0001 −19.3 ± 4.0 −19.9 ± 4.0 0.723
  MV E/A   0.8 ± 0.3   1.2 ± 0.4 <0.0001   1.2 ± 0.6   1.1 ± 0.5 0.503
  MV E/é   9.4 ± 3.6   10.1 ± 2.7 0.239   8.5 ± 3.1   9.0 ± 3.3 0.612

TAPSE: tricuspid annular plane systolic excursion; TASV: tricuspid annular systolic velocity; TV E/A: tricuspid valve 
E/A ratio; TV E/é: tricuspid valve E/é ratio; RV FAC: right ventricular fractional area change; GLS RV 4CH: global 
longitudinal strain right ventricular four chamber view; GLS RV freewall: global longitudinal strain right ventricular free-
wall; RV SR 4CH: right ventricular strain rate four chamber; RV SR freewall: right ventricular strain rate freewall; peak 
displ. basal: peak displacement basal; LVEF: left ventricular ejection fraction; GLS LV avg.: global longitudinal strain left 
ventricular average; MV E/A: mitral valve E/A ratio; MV E/é: mitral valve E/é ratio; Bold writing indicates significance.
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diastolic dysfunction. The MV inflow parameter did not 
differ significantly between groups postoperatively.

Comparison within the thoracic surgery patients  
comparing wedge resection vs. lobectomy

To compare RV function after major and minor pulmo-
nary resection, we divided the thoracic patients into two 
groups regarding the surgery method (lobectomy group 
(n = 32) vs. wedge resection (n = 16) (atypical lung resec-
tion). In the wedge resection group (n = 14), TAPSE was 
23.9 ± 3.2 mm and GLS RV 4CH was −20.1 ± 5.7% preop-
eratively and 23.9 ± 1.5 mm and 19.5 ± 4.4 postoperatively 
(p = 1.000 and p = 0.742, respectively). In the lobectomy 
group, TAPSE was 25.8 ± 5.2 mm and GLS RV 4 CH was 
−21.5 ± 5.8% preoperatively and 24.9 ± 5.1 and −21.4 ± 
7.5% postoperatively (p = 0.900 and p = 0.952). Compar-
ing TAPSE and GLS RV 4 CH postoperatively between 
wedge resection and lobectomy group, no significant dif-
ferences could be detected (p = 0.803 and p = 0.987, 
respectively). We could also not detect any significant dif-
ference in further RV parameters between the two groups.

Discussion

In this study, we found that after thoracic surgery 
either as open or minimal invasive surgery, there were 

Table 3  Preoperative and postoperative echocardiographic findings within VATS and Thoracotomy groups

Thoracotomy (n = 33)
p values

VATS (n = 17)
p values

Pre-op Post-op Pre-op Post-op

TAPSE (mm)   24.2 ± 4.4   22.8 ± 3.3 0.081   23.6 ± 5.3   24.9 ± 5.1 0.243
TASV (cm/s)   12.8 ± 4.3 13.3 ± 0.821   12.2 ± 3.4   12.5 ± 3.6 0.944
TV E/A   1.3 ± 0.4   1.3 ± 0.4 0.974   1.6 ± 0.7   1.5 ± 0.5 0.818
TV E/é   5.6 ± 3.2   6.2 ± 3.3 0.563   5.8 ± 2.4   6.6 ± 2.4 0.498
RV FAC (%)   53.3 ± 11.9   51.6 ± 9.6 0.807   51.3 ± 7.3   52.7 ± 7.9 0.924
GLS RV 4CH (%)   20.5 ± 5.6 −19.2 ± 5.3 0.589 −19.0 ± 5.5 −22.0 ± 5.9 0.181
GLS RV freewall (%) −25.4 ± 5.4 −23.9 ± 7.3 0.552 −23.8 ± 6.8 −25.1 ± 8.0 0.771
RV SR 4CH (1/s)   −1.2 ± 0.3   −1.2 ± 0.3 0.841   −1.1 ± 0.3   −1.2 ± 0.3 0.133
RV SR freewall (1/s)   −1.7 ± 0.8   −1.6 ± 0.7 0.969   −1.6 ± 0.4   −1.6 ± 0.4 0.712
Peak disp. basal (%)   24.8 ± 6.4   21.4 ± 6.8 0.066   19.4 ± 6.6   20.7 ± 5.4 0.766
LVEF (%)   59.9 ± 7.9 59.2 ± 0.921   58.2 ± 8.7   62.2 ± 5.8 0.170
GLS LV avg. (%)   20.2 ± 4.5 −19.6 ± 4.3 0.708 −17.8 ± 2.6 −20.4 ± 3.3 0.055
MV E/A   1.1 ± 0.5   1.0 ± 0.6 0.898   1.3 ± 0.6   1.2 ± 0.5 0.363
MV E/é   8.3 ± 2.8   8.7 ± 3.1 0.552   8.8 ± 3.8   9.3 ± 3.7 0.668

VATS: video-assisted thoracoscopic surgery; TAPSE: tricuspid annular plane systolic excursion; TASV: tricuspid 
annular systolic velocity; TV E/A: tricuspid valve E/A ratio; TV E/é: tricuspid valve E/é ratio; RV FAC: right ventric-
ular fractional area change; GLS RV 4CH: global longitudinal strain right ventricular four chamber view; GLS RV 
freewall: global longitudinal strain right ventricular freewall; RV SR 4CH: right ventricular strain rate four chamber; 
RV SR freewall: right ventricular strain rate freewall; peak displ. basal: peak displacement basal; LVEF: left ventric-
ular ejection fraction; GLS LV avg.: global longitudinal strain left ventricular average; MV E/A: mitral valve E/A 
ratio; MV E/é: mitral valve E/é ratio; Bold writing indicates significance.

no changes in diastolic or systolic RV and LV function, 
whereas a striking reduction in overall RV function after 
cardiac surgery with pericardiotomy was detected. The 
reduction in many RV parameters, such as TAPSE, after 
cardiac surgery has been widely recognized, but the defi-
nite underlying mechanisms are still to be fully under-
stood.5–7,21) Some studies suggested that the impairment 
of RV function during cardiac surgery is due to poor myo-
cardial protection, while on cardio-pulmonary bypass.6,7) 
Changes in RV function after thoracic surgery are still 
unclear. We demonstrated that thoracic surgery, open or 
minimal invasive surgery, with major pulmonary resec-
tion (bi-lobectomy), did not have any influence on dia-
stolic and systolic function of the RV or LV. In contrast 
to our findings, Reed et al.22) detected RV dysfunction 
after pulmonary resection, and concluded that this dys-
function is multifactorial and might not only be due to a 
contractile impairment of the RV. A possible explanation 
for this discordance between our findings and the find-
ings demonstrated by Reed et al.22) is the different 
selected time point in performing the evaluation of the 
RV function, while Reed et al.22) performed the evalua-
tion during the very early postoperative period (PODs 1 
and 2) and we performed the postoperative echocardiog-
raphy analysis 1 week postoperatively. We believe that 
during the operation and the ICU stay many factors will 
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influence the preload of the RV, leading to temporary 
changes in the RV function but the global RV function 
will return to the baseline value during the first postop-
erative week, as the RV will adapt to both pre- and after 
load changes. Also contrary to our findings, Okada et al.23) 
detected RV dysfunction post-thoracic surgery and they 
speculated that the main cause of RV dysfunction after 
major pulmonary resection might be the changes in right 
ventricular afterload. The RV dysfunction was detected 
by Okada et al.23) during the first and second PODs, 
while their measurements of the RV parameters on the 
third postoperative week demonstrated almost the same 
values compared to baseline. These findings again 
strengthen our speculation, that the RV dysfunction, 
which occurs in the very early postoperative period, 

diminishes during the first postoperative week, after 
that the RV adapt to the new pre- and afterload condi-
tions. Major resection of the lung as, for example, in 
bi-lobectomy, can lead to a reduction of the pulmonary 
vascular system, which in return leads to reduction of the 
pulmonary vasculatory cross sections and may lead to 
PAH and subsequently to right heart failure.24) Beside 
changes in the pulmonary vascular system during thora-
cotomy and anesthesia, an increase in intrathoracic pres-
sures are recorded,25) which negatively influences the 
filling pressure of the RV. However, we could not detect 
any changes neither of systolic RV parameters nor of TV 
inflow. We speculate that in the acute phase after major 
lung resection, the RV afterload will increase signifi-
cantly and the RV function will suffer during the very 

Table 4  Preoperative and postoperative echocardiographic findings in comparison between groups

Pre-op
Thoracic  
(n = 50)

CABG matched  
(n =50)

p values
VATS  

(n = 17)
Thoracotomy 

(n = 33)
p values

TAPSE (mm)   23.7 ± 4.6   19.3 ± 2.5 <0.0001   23.6 ± 5.3   24.1 ± 4.6 0.937
TASV (cm/s)   12.4 ± 3.3   12.8 ± 2.9 0.748   12.2 ± 3.4   12.8 ± 4.3 0.892
TV E/A   1.4 ± 0.5   1.2 ± 0.2 0.069     1.6 ± 0.71   1.3 ± 0.4 0.279
TV E/é   5.6 ± 2.8   5.6 ± 1.2 0.999   5.8 ± 2.4   5.6 ± 3.2 0.975
RV FAC (%)   52.5 ± 13.6   54.0 ± 5.9 0.818   51.3 ± 7.3   53.3 ± 12.0 0.812
GLS RV 4CH (%) −19.9 ± 4.8 −18.5 ± 4.7 0.243 −19.0 ± 5.5 −20.5 ± 5.6 0.681
GLS RV freewall (%) −25.1 ± 5.8 −23.1 ± 5.4 0.431 −23.8 ± 7.0 −25.4 ± 5.4 0.741
RV SR 4CH (1/s)   −1.1 ± 0.3   −1.0 ± 0.2 0.104   −1.1 ± 0.3   −1.2 ± 0.3 0.548
RV SR freewall (1/s)   −1.6 ± 0.6   −1.3 ± 0.3 0.027   −1.7 ± 0.8   −1.6 ± 0.4 0.593
Peak disp. basal (%)   22.4 ± 6.6   24.8 ± 6.4 0.365
LVEF (%)   59.3 ± 8.2   58.9 ± 4.6 0.973   58.2 ± 8.7   59.9 ± 8.0 0.785
GLS LV avg. (%) −19.3 ± 4.0 −13.5 ± 4.0 <0.0001 −17.8 ± 2.6 −20.2 ± 4.5 0.158
MV E/A   1.2 ± 0.6   0.8 ± 0.3 0.009   1.3 ± 0.6   1.1 ± 0.5 0.262
MV E/é   8.5 ± 3.1   9.1 ± 3.8 0.759   8.8 ± 3.8   8.3 ± 2.8 0.875
Post-op
  TAPSE (mm)   23.1 ± 4.9   10.6 ± 2.4 <0.0001   26.4 ± 6.3   23.2 ± 3.8 0.121
  TASV (cm/s)   12.1 ± 3.3   9.5 ± 2.1 <0.001   12.5 ± 3.6   13.3 ± 3.1 0.825
  TV E/A   1.3 ± 0.4   1.1 ± 0.3 0.007   1.5 ± 0.5   1.3 ± 0.4 0.445
  TV E/é   6.2 ± 2.7   8.5 ± 3.8 0.005   6.6 ± 2.4   6.2 ± 3.3 0.943
  RV FAC (%)   52.0 ± 8.9   44.0 ± 6.4 0.005   52.7 ± 7.9   51.6 ± 9.6 0.929
  GLS RV 4CH (%) −20.3 ± 5.6 −11.3 ± 2.8 <0.0001 −22.0 ± 5.9 −19.2 ± 5.3 0.292
  GLS RV freewall (%) −24.4 ± 7.6 −14.6 ± 5.2 <0.0001 −25.1 ± 8.0 −23.9 ± 7.3 0.851
  RV SR 4CH (1/s)   −1.2 ± 0.3   −0.7 ± 0.4 <0.0001   −1.2 ± 0.3   −1.2 ± 0.3 0.998
  RV SR freewall (1/s)   −1.6 ± 0.5   −1.2 ± 0.3 0.007   −1.6 ± 0.7   −1.5 ± 0.4 0.925
Peak disp. basal (%)   20.7 ± 5.4   21.4 ± 6.8 0.942
LVEF (%)   60.3 ± 6.8   54.6 ± 8.2   0.0071   62.2 ± 5.8   59.2 ± 7.2 0.448
GLS LV avg. (%) −19.9 ± 4.0 −10.6 ± 3.1 <0.0001 −20.4 ± 3.3 −19.6 ± 4.3 0.816
MV E/A   1.1 ± 0.5   1.1 ± 0.4 >0.999   1.2 ± 0.5   1.0 ± 0.6 0.552
MV E/é   9.0 ± 3.3   9.9 ± 2.9 0.541   9.3 ± 3.7   8.7 ± 3.1 0.863

VATS: video-assisted thoracoscopic surgery; TAPSE: tricuspid annular plane systolic excursion; TASV: tricuspid annular systolic 
velocity; TV E/A: tricuspid valve E/A ratio; TV E/é: tricuspid valve E/é ratio; RV FAC: right ventricular fractional area change; 
GLS RV 4CH: global longitudinal strain right ventricular four chamber view; GLS RV freewall: global longitudinal strain right 
ventricular freewall; RV SR 4CH: right ventricular strain rate four chamber; RV SR freewall: right ventricular strain rate freewall; 
peak displ. basal: peak displacement basal; LVEF: left ventricular ejection fraction; GLS LV avg.: global longitudinal strain left 
ventricular average; MV E/A: mitral valve E/A ratio; MV E/é: mitral valve E/é ratio; Bold writing indicates significance.
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1 week post-surgery. Owing to the absence of random-
ization and the partly retrospective nature of our study, 
our data were subjected to potential bias with regard to 
patient selection and data acquisition; therefore, caution 
should be taken when interpreting our results.

Conclusion

Thoracic non-cardiac surgery does not impair global 
RV function, while patients undergoing cardiac surgery 
with left open pericardium suffer significant reductions 
of RV function. Patho-mechanisms of RV impairment 
after cardiac surgery should be examined prospectively 
with larger patient cohorts and new cutoffs of TTE param-
eters for the evaluation of RV function and are subject of 
an ongoing trial.
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