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Abstract 

Purpose: To determine the impact of implementing an extra early mobilization protocol and other factors on 
pleural effusion in patients undergoing cardiac surgical procedures. Design: retrospective analysis Setting: 
hospitalized care. Participants: In 2018–2019, adult patients with less than 24 h of artificial lung ventilation 
were included. The first group was treated according to early mobilization protocols (2018 patients); the second 
group was treated according to extra early mobilization protocols (2019 patients). Interventions: The major 
difference was that the resources of the patient mobilization team have expanded since 2019; namely, the team 
included a physical therapist, which made it possible to modify early mobilization (standing on the 2nd 
postoperative day (POD), activation with the help of medical staff, inspiratory muscle training) into extra early 
mobilization (standing on the 1st POD with the consent of an anaesthesiologist, exercises with a physical 
therapist, and inspiratory muscle training). Main Outcome Measures: pleural effusion (left and right sides – PEL 
and PER, respectively, in mm) according to ultrasound findings on the 7th postoperative day. Results: The study 
revealed no differences between extra early mobilization and early mobilization groups in terms of PEL 
(14(5;24) mm vs. 12.5(5;22) mm; p = 0.389), PER (5(0;17) mm vs. 5(0;15.25) mm; p = 0.498), or frequency of 
additional interventions for PE drainage (drainage removal delay, re-insertion, or thoracocentesis) (10.1% vs. 
7.5%; p = 0.398). The correlation analysis revealed mostly absence, weak, and very weak relations to PE, 
including ejection fraction and Euroscore II. The PEL and PER values were statistically higher in the coronary 
artery bypass graft and coronary artery bypass graft+valve surgery groups compared to the valve surgery group. 
Conclusions: Extra early mobilization protocol implementation did not lead to a decrease in PE or the number of 
additional interventions for PE drainage. 
Keywords: physical therapy, therapeutic exercises, rehabilitation, pulmonary complications, cardiac 
rehabilitation. 

 
Introduction 

Despite numerous advances in anaesthesia, surgical techniques, and postoperative care for cardiac 
surgery patients, postoperative pulmonary complications (PPCs) still result in postoperative morbidity (Jensen & 
Yang, 2007). 

Pleural effusion (PE) is a common complication after cardiac surgical procedures (CSP) (Heidecker & 
Sahn, 2006; Labidi et al., 2009). Just over 6% of patients have clinically significant PE within 30 days after 
surgery (Labidi et al., 2009). However, studies have mainly focused on patients аfter coronary artery bypass 
grafting (CABG) surgery. 

PE following CABG has been reported in 65–89% of cases. The majority of PE are left-sided, of little 
significance, and resolve spontaneously. Large pleural effusions (LPE) can develop in a small proportion of 
patients after CABG (Charniot et al., 2007). PE has been categorized by different time intervals: perioperative 
(within the first week), early (within the first month), late (within 2–12 months), or persistent (after 6 months) 
(Heidecker & Sahn, 2006). The characteristics of early PE (bloody effusions with a high eosinophil count) and 
late PE (yellow exudates with predominant lymphocytes and monocytes) differ significantly, suggesting a 
different pathogenesis (Light et al., 2002; Sadikot, 2000). 

Perioperative effusions are attributable to diaphragm dysfunction or internal mammary artery (IMA) 
harvesting and are typically self-limited. Early effusions are usually attributable to postcardiac injury syndrome. 
Although late effusions can have multiple causes, persistent effusions are attributable to trapped lung (Heidecker 
& Sahn, 2006). 
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Moreover, some results refute the impact of using IMA grafts (with a significantly higher incidence of 
pleurotomy) (Burgess et al., 1978; Hurlburt et al., 1990). For instance, Peng M.J. et al. found that CABG does 
not influence the incidence of PE and pleural thickening (IMA graft vs. saphenous vein graft (SVG) – PE 
frequency of 41% vs. 43%) and suggested that the effusions were due to pericardial inflammation (Peng et al., 
1992). This conclusion is consistent with the above-mentioned postcardiac injury syndrome and other studies 
(Imazio & Hoit, 2013), which presume effusions to be immune-mediated in predisposed individuals. 

Most of РЕ has been unilateral left-sided and small and did not require treatment. The incidence of 
effusion was not found to be higher in patients with enlargement of their cardiac silhouette or atelectasis and is 
not related to the presence of chest tubes (Peng et al., 1992). Moreover, bilateral IMA grafting does not increase 
the incidence or severity of PPC (hypoxemia, atelectasis, РЕ, and diaphragmatic dysfunction), duration of 
artificial lung ventilation (AVL), ICU and hospital stays, or incidence of pneumothorax, pneumonia, and wound 
infections compared with unilateral IMA grafting (Daganou et al., 1998). However, some studies have shown no 
significant difference between IMA and SVG groups in рostoperative left lower lobe atelectasis (41% vs. 40%), 
except a difference in incidence of РЕ (84% vs. 47%, but РЕ cases were limited) on the 6th postoperative day 
(POD). Additionally, pleurotomy has not influenced postoperative morbidity (the left pleural space was opened 
in 67 of 100 IМA patients) (Hurlburt et al., 1990). When comparing the use of IMA+SVG with SVG, there was 
no difference in PE frequency or grade (Light et al., 2002). Other results showed a difference between IMA and 
SVG groups in PPCs (Jai et al., 1991). 

According to some studies, left PE has been less prevalent in patients that underwent off-pump coronary 
artery bypass grafting compared to patients that underwent on-pump CABG (Özülkü & Aygün, 2015). 

The frequency of PE after CABG (63%) or CABG+valve surgery (VS) (62%) was found to be 
significantly higher than that after VS alone (45%) on the 28th POD; however, there was no difference in LPE 
(Light et al., 2002). Moreover, this frequency in all CSP groups was approximately 40% within earlier periods 
(Rossolatou et al., 2018). 

The prevalence of LPE (occupying more than 25% of the hemithorax) varies from 0.78% to 9.7% and is 
predominantly left-sided (Light et al., 1999, 2002). The cause of many LPE cases is unclear: 24.1% have been 
attributed to congestive heart failure (HF), 6.9% have been attributed to pericarditis, 3.5% have been attributed 
to pulmonary embolism, and 65.5% had unclear explanations (27.6% were bloody effusions, which usually 
occurred earlier and were frequently eosinophilic; 37.9% were nonbloody and more difficult to manage) (Light 
et al., 1999). Other studies agree on this uncertainty (Charniot et al., 2007). The primary symptom associated 
with LPE is dyspnea. Chest pain and fever are uncommon (Light, 2002). 

Regarding PE risk factors after CSP, the records show that аge, body weight, baseline pulmonary 
function, and smoking status are similar amongst patients with and without effusion. However, the proportion of 
women, the number of patients with previous conditions of HF, atrial fibrillation, or peripheral vascular disease, 
and the number of patients receiving therapy with an anticoagulant or antiarrhythmic agent have been higher in 
the PE group (Labidi et al., 2009). 

Regarding PPC risk factors after CABG, the records show that the presence of atelectasis is related to 
age (>65 years), diabetes, and ASA classification (>3). Meanwhile, no significant risk factors are related to the 
development of PE or atelectasis with PE. Postoperative pneumonia is related to previous myocardial infarction 
(MI), AVL of >10 hours, and hospital stays of >5 days; COPD is related to postoperative pneumothorax; HF and 
COPD are related to postoperative pulmonary edema (Jensen & Yang, 2007). 

Guidelines on management of patients with PE presented in studies (Heidecker & Sahn, 2006; Light et 
al., 1999, 2002; Charniot et al., 2007) have not included physical therapy (PTy) or activation. However, early 
chest PTy has long been considered an important aspect of therapy in the pathology of lungs with PE (Van De 
Water, 1970). 

Physical therapy of cardiac and cardiac surgery patients remains an important healthcare sphere owing 
to the prevalence of cardiac pathology, its complications and comorbidity (Vitomskiy et al., 2018; Junior et al., 
2019). However, there are very few scientific studies on the effect of early mobilization and physical therapy on 
PE after cardiac surgery. The fact that only two studies have analysed this issue (Nozawa et al., 2005; Moradian 
et al., 2017) justifies the relevance of this study. 

Purpose: To determine the impact of implementing an extra early mobilization protocol and other 
factors on PE effusion in patients undergoing cardiac surgical procedures. 
 

Material and Methods 

Design: retrospective analysis of an electronic medical record. 
Participants: In 2018–2019, patients underwent CSP via sternotomy (or less often, mini-invasive 

thoracotomy) in the Department of Congenital and Acquired Heart Defects (department for adults). The analysis 
included 351 patients and took into account the following data: patient age, gender, body weight, length, BSA, 
Euroscore II, cardiac ultrasound findings (ejection fraction - EF, pulmonary hypertension - PH), angina pectoris 
(functional class - APFC; of unstable or painless type), comorbidities (arterial hypertension - AH, diabetes, 
chronic obstructive pulmonary disease - COPD, chronic rheumatic heart disease - CRHD), heart failure (HF) 
stage, NYHA class, CSP volume and duration, duration of anaesthesia, AVL, cardiopulmonary bypass (CPB), 
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aortic compression (Ao), length of ICU stay (LICU, number of nights), postoperative unit stay (LPOU, number 
of nights) and total postoperative hospital stay (LTPO, number of nights). The EF 7th POD indicator was 
assessed as 1 - reduced, 2 - preserved, or 3 - good. 

The analysis included patients with an AVL duration of less than 24 h. 
Main Outcome Measures: PE (left and right sides - PEL and PER, respectively) was determined 

according to ultrasound findings. The main analysis included patients with a 7th POD study duration, and an 
additional analysis included patients with 6–8th POD and 5–9th POD study durations. 

Research Organization: 
The patients were divided into two groups: early mobilization protocols (EM, 2018 patients) and extra 

early mobilization protocols (EEM, 2019 patients). The major difference between the groups was that, due to the 
expansion of the 2019 patient mobilization team to include a physical therapist (PT), we could implement an 
EEM protocol. 

EM patients practice included: 1 - sitting on the bed during the ICU stay (on the 1st POD), 2 - standing, 
on-the-spot walking, walking within the ward in the postoperative unit (usually on the 2nd POD when there were 
no restrictions), and 3 - walking in the hospital corridor (usually on the 3rd POD). EEM patients practice 
included: 1 - sitting on the edge of the bed with legs dangling, standing on the 1st POD (getting up with the help 
and under the control of a PT, holding onto a medical movable walker with the consent of an anaesthesiologist), 
and on-the-spot walking, if feasible, 2 - on-the-spot walking, walking within the ward in the postoperative unit 
(usually on the 2nd POD when there were no restrictions), 3 - walking in the hospital corridor on the 2–3rd 
PODs and performing therapeutic exercises with a PT. 

Physical therapy of both groups included using respiratory exercisers (іnspiratory muscle training) and 
applying tapping massage techniques to stimulate sputum expectoration and promote motor activity. 

Statistical Analysis: 

The materials of the research were processed in a program for statistical analysis, IBM SPSS 21. 
Mathematical processing of the numerical data was performed with the help of variation statistics. An analysis of 
the quantitative indicators’ distribution and the correspondence to the law of normal distribution were checked 
using the Shapiro–Wilk test (W). Such compliance was observed very rarely. Therefore, nonparametric statistics 
was used. For quantitative indicators with a distribution that differed from normal, we obtained the median (Me) 
and upper/lower quartiles (25%; 75%). To assess the difference’s significance, we used the Mann–Whitney U-
test. The following criteria were also used: Phi and Cramer (V) and Spearman's rank correlation coefficient. 

 
Results 

The distributions of the vast majority of indicators did not correspond to the normal distribution; only 
body length and BSA indicators had normal distributions in both groups. Meanwhile, age, body weight, 
anaesthesia duration, and CPB indicators had normal distributions only in the EM group. Age and 
anthropometric indicators were the same in both groups (Table 1). The male/female ratio was 64.5/35.5% in the 
EEM group and 76.9/23.1% in the EM group, which influenced the statistical difference between the samples. 

Table 1 
Comparison of the main preoperative characteristics and time indicators of surgical interventions 

according to the U-test for Me (25%; 75%) samples 

 
Indicators EEM (n=217) EM (n=134) р 

Age, years 58(65; 71) 56(63,5; 71) 0,280 
Gender (1 – М, 2 – F) 1(1; 2) 1(1; 1) 0,015 
Body weight, kg 71,5(80; 94) 72(82,5; 95) 0,497 
Body length, sm 160(169; 175) 163(171,5; 176) 0,094 
BSA, kg/m2 1,82(1,95; 2,12) 1,82(1,98; 2,16) 0,454 
Euroscore ІІ, score 1,22(2,16; 4,93) 0,99(1,86; 3,85) 0,075 
EF, % 46,50(55; 60) 48,75(55; 60) 0,171 
AH, degree 2(2; 3) 2(2; 3) 0,102 
NYHA, functional class 6(8; 12) 6(8; 12) 0,200 
AVL duration, hour 300(345; 410) 300(350; 400) 0,289 
Operation duration, min. 360(420; 495) 360(437,50; 496,25) 0,986 
Anaesthesia duration, min. 134,25(171; 211) 137,5(172; 206) 0,475 
CPB duration, min. 89(114; 145) 86(108,5; 143,75) 0,903 
Ao compression duration, min. 58(65; 71) 56(63,5; 71) 0,372 
LICU, nights 2(3; 4) 2(2; 4) 0,414 
LPOU, nights 6(7; 9) 6(7; 9) 0,888 
LTPO, nights 8(10; 12) 8(10; 12) 0,945 

Note: EF - ejection fraction; AH - arterial hypertension; AVL - artificial lung ventilation; CPB - 
cardiopulmonary bypass; Ao - aortic; LICU - length of ICU stay, LPOU - length of postoperative unit stay, 
LTPO - length of total postoperative hospital stay 

The groups had no statistical difference in comorbidities (Table 2), or CSP distribution (Table 3). 
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Table 2 
Comparison of the main characteristics of samples during hospitalization  

according to Phi and Cramer (V), % 

 
Indicators EEM (n=217) EM (n=134) р 

PH mild/ mod./ sev. degree 10.6 / 18.9 / 15.2 12.7 / 9.7 / 16.4  0.183 
APFC 1/2/3/4/ unstable/painless 0.5/18.4/25.8/4.1/1.4/0 0.7/18.7/34.3/1.5/0.7 0.437 
MI 3.7 0.7 0.09 
PICS / CS 21.2/0.5 23.1/0 0.676 
AH degree 1/2/3 6.9/39.2/37.8 7.5/44.8/28.4 0.343 
HF, degree I/IIа/IIb/III 33.2/61.3/4.1/0.5 42.5/51.5/3.7/0.7 0.224 
NYHA, I/II/III/IV functional 
class 

10.6/42.4/38.7/1.8 7.5/37.3/44/3.7 0.517 

Diabetes, 1 type / 2 / violation of 
tolerance 

0.9/16.6/0.9 0/18.7/0 0.445 

COPD / CRHD 2.3/6.9 4.5/6 0.256/0.729 
Hydrothorax, 
left side/right/two 

0/2.8/7.4 0/3/5.2 0.454 

Note: mod. - moderate; sev. - severe; PH - pulmonary hypertension; APFC - angina pectoris, functional 
class; MI - myocardial infarction; PICS - postinfarction cardiosclerosis; CS - cardiosclerosis; AH - arterial 
hypertension; HF - heart failure; COPD - chronic obstructive pulmonary disease; CRHD - chronic rheumatic 
heart disease 

Table 3 
Comparison of cardiac surgeries in patient groups  

according to Phi and Cramer, unit (%) 

 
Operations EEM (n=217) EM (n=134) р 

CABG 132 (60.8) 80(59.7) 0.834 

S
ur

ge
ry

 f
or

 МV 81(37.3) 45(33.6) 0.477 
АV 75(34.6) 42(31.3) 0.534 
Ао 14(6.5) 5(3.7) 0.274 
ТV 46(21.2) 25(18.7) 0.565 
Ventricular aneurysm 1(0.5) 0(0) 0.431 

Minimally invasive interventions 8(3.7) 8(6) 0.324 
Note: CABG - coronary artery bypass graft; MV - mitral valve; AV - aortic valve; TV - tricuspid valve; 

Ao - aortic 
Upon comparing EEM and EM groups, no differences were revealed in PEL (14(5; 24) mm vs. 12.5(5; 

22) mm; p = 0.389) vs. PER (5(0; 17) mm vs. 5(0; 15.25) mm; p = 0.498). Meanwhile, the EF 7th POD indicator 
was also the same (3(2; 3); 3(2; 3); p = 0.372), which confirmed the absence of an impact of EEM 
implementation on the PEL and PER indicators. The EF 7th POD indicator was determined as follows: reduced - 
17.5%, preserved - 13.4, good - 69.1% for the EEM group and 17.2%, 17.2%, and 65.7%, respectively, for the 
EM group (p > 0.05). 

Upon analysing the number of patients who underwent additional interventions for PE drainage (drainage 
removal delay, re-insertion, or thoracocentesis), no difference was revealed between the EEM and EM groups 
(10.1% vs. 7.5%; p = 0.398). In the total sample (n = 351), PEL interventions were performed ten times, and 
PER interventions were performed twice; other interventions (mainly drainage removal delay) refer to 
interventions on both sides. 

Taking into account PT’s 5-day working week, the analysis excluded the 2019 patients who were 
operated on Fridays (or on the day before public holidays) because PT could not practise standing on the 1st 
POD. However, this was not distinguished significantly between EEM and EM samples, which confirmed the 
absence of EEM implementation impact on the PEL and PER indicators.  

Correlation analysis of the sample (n = 351) revealed the following strongest relations: between CABG 
and PEL (ρ = 0.374; p = 0.000) and PER (ρ=0.162; p=0.002) and between PEL and PER (ρ = 0.51; p = 0.000). 
Other correlations were weaker. Moreover, the analysis revealed very weak and inversely proportional relations 
between PEL and the use of MV (ρ = −0.15; p = 0.005) and AV (ρ = −0.137; p = 0.010), TV (ρ = −0.124; p = 
0.021) interventions. Of note, EF (preoperative and on the 7th POD), Euroscore II did not correlate with PE, 
even in the CABG only sample. The results obtained determined the necessity to compare the VS (n = 139), 
CABG (n = 133), and CABG+VS (n = 79) groups for their key indicators (Table 4). 

Interestingly, PEL and PER were statistically higher in the CABG and CABG+VS groups compared to 
the VS group. Moreover, other indicators, including Euroscore II, duration of surgery, anaesthesia, and CPB, 
were also significantly different in the groups. Interestingly, having the same EF, VS and CABG groups varied 
in terms of PE, whereas the CABG and CABG+VS groups varied in terms of EF and were the same in terms of 
PE (Table 4). This also confirmed the absence of an influence of EF on the PE degree. 
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Table 4 
Comparison of the groups by the type of operation  

 
VS (n=139) CABG (n=133) CABG+VS (n=79) 

Age, years 60(53; 67) 65(60; 71,50)** 69(61; 74)** 
Gender (1 – М, 2 – F) 1(1; 2) 1(1; 1) 1(1; 2) ## 
Body weight, kg 81(70; 97) 85(75; 95) 76(68; 89) ## 
Body length, сm 171(161; 177) 170(163,50; 176) 166(158; 173)** ## 
BSA, kg/m2 1,96(1,81; 2,15) 2(1,89; 2,17) 1,88(1,79; 2,07)* ## 
Euroscore ІІ, score 1,83(1,13; 4,56) 1,50(0,94; 2,66)** 4,82(3; 8)** ## 
EF, % 56(50; 60) 55(50; 60) 50(39; 58)** ## 
NYHA, functional class 2(2; 3) 2(2; 3)** 3(2; 3)** ## 
AVL duration, hour 8(6; 13) 7(6; 10)** 9(6; 13)** # 
Operation duration, min. 315(270; 380) 350(300; 400)** 400(340; 465)** ## 
Anesthesia duration, min.  400(337,5; 460) 420(360; 480)* 480(420; 540)** ## 
CPB duration, min. 177,5(140,75; 213) 147,50(121; 170)* 212(189; 232) ## 

Ао compression duration, min. 121(93,50; 147) 96(72; 110)** 144(127; 168) ## 

LICU, nights 2(2; 4) 2(2; 3,50) 3(2; 4) # 
LPOU, nights 7(6; 9) 7(5; 9) 7(7; 9) # 
LTPO, nights 10(8; 13) 9(8; 12) 11(9; 13) ## 
PEL, mm 5(0; 15) 16(10; 25)** 20(5; 30)** 
PER, mm 5(0; 14) 9(5; 16,50)* 10(5; 20)** 

Note: VS - valve surgery; CABG - coronary artery bypass graft; EF - ejection fraction; AH - arterial 
hypertension; AVL - artificial lung ventilation; CPB - cardiopulmonary bypass; Ao - aortic; LICU  - length of 
ICU stay, LPOU - length of postoperative unit stay, LTPO - length of total postoperative hospital stay, PEL - 
pleural effusion left side, PER - pleural effusion right side;* - statistically significant compared with the VS 
group p < 0.05; ** - p < 0.01; # - statistically significant compared with the CABG group p < 0.05; ## - p < 0.01 

Moreover, the study included a comparison of the analysed indicators in each of the groups (VS, 
CABG, and CABG+VS) with mobilization protocol division. The results did not show any statistical differences 
(p > 0.05), which confirmed the absence of an impact of the EEM protocol regardless of the CSP type. 

Additional analysis (which included an extended PE study duration from the 7th POD to 6–8th POD 
and 5–9th POD) did not confirm the difference between EEM and EM groups in PE (p > 0.05). 

Upon analysing the number of patients undergoing additional interventions for PE drainage (drainage 
removal delay, re-insertion, or thoracocentesis), the study revealed no difference between the EEM and EM 
groups for 6–8th POD (10.3% vs. 6.3%; p = 0.130) or 5–9th POD (10.9% vs. 6.1%; p = 0.059), which, however, 
does not support EEM protocol implementation. 

 
Discussion 

We did not confirm effectiveness of EEM protocol implementation for the reduction of PE when 
compared to the standardized EM protocol. The results obtained resulted in the following questions. Can a PT 
influence PE amount/degree/prevalence considering its development pathogenesis? Will a PT aim to optimize 
PE drainage provided there are pleural drainages and prevention of adhesions (including non-elastic ones) 
between pleural leaflets? This study of the impact of ЕМ of fluid drainage of chest tubes and the incidence of 
pulmonary complications after CABG revealed that a РТ could facilitate fluid drainage of chest tubes and make 
it feasible and safer. In groups 1 (the patients were seated after six hours of extubation in the first 24 h of 
postoperative time, and after 30 min they were positioned erect to perform static exercises for 30 s) and 2 (six 
hours after extubation in the first 24 h, the patients were subjected to consecutive cycles of lateral rotation to the 
left and right side and supine position with 30 s for pauses), the drainage was faster than in the control group (the 
patients were seated in an armchair during the first 48 h of postoperative time), although the groups obtained 
similar РЕ volumes. There was no statistically significant difference in PPCs (Nozawa et al., 2005). 

Different places of chest tube insertion have been found to be equally efficient for PE drainage, 
although drainage tubes inserted through the chest can cause more pain (Sensoz et al., 2011). 

Another study (Moradian et al., 2017) pointed to EM efficiency for reducing atelectasis and PE in 
patients who underwent CABG. However, the comparison involved the 2nd POD and the 3rd POD and did not 
include groups at a later date or upon hospital discharge. The study did not take into account the presence of 
pleural drainages, although this possibility is very high, especially on the 2nd POD. The following quote should 
also be considered: "In the third postoperative day, before removing the chest tubes ...". The effect of facilitating 
fluid drainage of chest tubes may play a role here. 

Additionally, investigators (Moradian et al., 2017) have compared PaO2 within the same time periods, 
which is quite impractical owing to the fact that patients breathe oxygen-enriched air, and the obtained EM 
group advantage (95 vs. 93.5) cannot be considered clinically significant. Attention is drawn to preoperative 
SpO2 indicators, which seem to be too low given the patients’ stable conditions. The SpO2 statistical advantage 
in the EM group on the 4th POD (92.3 vs. 91) does not seem clinically significant, although mobilization 
protocols were significantly different. The EM protocol also can result in a question regarding the 1st POD, 
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which seemed to disappear, because sitting on the edge of the bed and dangling legs was performed 2 h after 
endotracheal tube extubation and, accordingly, on the day of operation (AVL duration was 5.5 h) in that study. 
However, if such mobilization was performed on the 1st POD, then the "2 hours after endotracheal tube 
extubation" condition became impossible given the AVL duration. 

Santos E. et al. (2015) noted in their study that chest PT is widely used in PE cases treated with chest 
drainage, confirming that non-invasive positive airway pressure added to chest PTy promotes a faster resolution 
of PE in patients with chest drainage. 

According to some studies, PTy (deep breathing exercises, mobilization, and incentive spirometry) 
added to standard treatment (medical treatment and drainage) improves spirometric parameters and radiological 
findings (in particular PE) and reduces the hospital stay of PE patients (Valenza-Demet et al., 2014). However, 
the study did not include patients after CSP. However, chest PTy techniques used in that study were not effective 
for improving post-CSP spirography findings (Dull & Dull, 1983; Jenkins et al., 1989; Manapunsopee et al., 
2019; Renault et al., 2009). Our correlation analysis revealed the absence, weak, and very weak associations 
between the vast majority of indicators and PE indicators. This is consistent with the results of Jai U. et al. 
(1991), which confirmed the absence of any associations between radiographic abnormalities and age, duration 
of CPB, and Ao occlusion. 

The same study also indicated that the chest X-rays of a large percentage of patients showed minor 
PPCs that were rarely associated with worse clinical outcomes after CSP (Jai, 1991). This is consistent with the 
results obtained in our study, namely the absence or very weak correlations between PE and hospitalization 
length indicators: LICU had a weak correlation with PEL (ρ = 0.119; p = 0.025), LTPO - with PEL (ρ = 0.139; p 
= 0.009) and PER (ρ = 0.109; p = 0.041); additional interventions for PE drainage - with LPOU (ρ = 0.121; p = 
0.023) and LTPO (ρ = 0.151; p = 0.005). 

The strength of the last two relations suggests other factors influence hospitalization length. However, 
this contradicts other studies (Nozawa et al., 2005) in which PE was considered a hospitalization-prolonging 
factor. Of note, many factors in clinical practice prolong LTPO, such as blood test results, cardiac arrhythmia, 
pericarditis, and the need to choose an optimal dose of medicine. In particular, postoperative atrial fibrillation 
has a significant negative impact on LICU (Ozyilmaz et al., 2011). 

 
Conclusion 

EEM protocol implementation did not reduce PE or the number of additional interventions for PE 
drainage (drainage removal delay, re-insertion, or thoracocentesis). This study revealed no differences between 
extra early mobilization and early mobilization groups in PEL (14(5;24) mm vs. 12.5(5;22) mm; p = 0.389), PER 
(5(0;17) mm vs. 5(0;15.25) mm; p = 0.498), or the frequency of additional interventions for PE drainage (10.1% 
vs. 7.5%; p = 0.398). This study did not detect any indicators that have strong correlations with PE. The 
correlation analysis revealed mostly absence, weak, and very weak relations to PE, including ejection fraction 
and Euroscore II. We found that PEL is directly related to PER (ρ = 0.51; p = 0.000). Patients after CABG or 
CABG+VS had a PE of a higher degree compared to VS patients. 
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