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Abstract

Background: Postoperative pulmonary complications
(PPC) are the most frequently observed complications fol-
lowing cardiac surgery, leading to extended hospital stays
and significant medical and economic burdens. Although
surgical interventions for tricuspid valve disease are in-
creasingly common, few risk factors for PPC in the context
of tricuspid valve surgery have been identified. Uncover-
ing these factors would have valuable clinical implications
in terms of prognosis. Methods: We conducted a single-
center retrospective study to evaluate preoperative factors
associated with susceptibility to PPC in patients undergo-
ing tricuspid valve surgery between 2018 to 2023. Inde-
pendent predictors of PPC were identified using regression
analysis. Results: Of the 147 patients included in the study,
29.9% (44 cases) experienced PPC. No statistically signif-
icant differences were observed in surgical procedures be-
tween the groups. Regression analysis identified smoking
status (odds ratio [OR]: 7.69, p = 0.01), severity grade of tri-
cuspid regurgitation (TR) (OR: 26.56, p< 0.01), recent res-
piratory infection (OR: 78.52, p< 0.01), and pulmonary hy-
pertension (OR: 13.60, p< 0.01) as independent risk factors
for PPC following tricuspid valve surgery. Conversely, the
6-minute walk distance (6MWD) (OR: 0.99, p = 0.01) and
tricuspid annular plane systolic excursion (TAPSE) (OR:
0.61, p < 0.01) were identified as independent protective
factors. Conclusion: The incidence of PPC following tri-
cuspid valve surgery was determined to be 29.9%. The
identified predictors—smoking status, severity of tricuspid
regurgitation, recent respiratory infections, pulmonary hy-
pertension, as well as protective factors like 6MWD and
TAPSE—can offer valuable insights for optimizing the pre-
operative physiological conditions in patients undergoing
tricuspid valve surgery.
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Introduction

Tricuspid regurgitation (TR) affects approximately
36% of the elderly Chinese population diagnosed with de-
generative heart valve disease [1,2]. This progressive disor-
der is characterized primarily by tricuspid annular dilatation
and concurrent remodeling of the right ventricle and atrium
[3]. Usually, tricuspid valve surgery serves as an auxil-
iary procedure on the mitral and/or aortic valves [4]. How-
ever, emerging evidence supports the proactive manage-
ment of TR through early surgical repair or replacement to
prevent severe right ventricular dysfunction [5]. Despite the
frequency of these surgical interventions, they present nu-
merous challenges, including the risk of severe right heart
failure and subsequent end-organ damage prior to surgery,
which contributes to increased mortality rates [6]. Periop-
erative outcomes typically focus on major adverse cardiac
events, such asmyocardial infarction, malignant ventricular
arrhythmias, and stroke [7].

Recent studies suggest that postoperative pulmonary
complications (PPC) surpass adverse cardiovascular events
as the primary complications following cardiac surgery [8].
These complications, occur in approximately 10–25% of
cardiac surgery patients, and lead to varying degrees of
postoperative pulmonary dysfunction, which impacts func-
tional recovery [9]. Consequently, PPC not only signifi-
cantly increase the overall incidence rate of complications
but also lead to extended hospitalization [10]. It is estimated
that the duration of hospital stays for patients experienc-
ing PPC is 1.5-fold longer and are six times more likely to
require transfer to a rehabilitation center instead of return-
ing home upon discharge [11]. Indeed, PPC are also more
strongly associated with long-term postoperative mortality
than cardiac complications, highlighting their critical im-
pact on patient outcomes [12,13].

While preoperative variables associated with PPC in
general cardiac surgery have been studied [14], there is a
notable gap in understanding PPC, specifically following
tricuspid valve surgery. Previous research has predom-
inantly focused on cardiovascular and hepatic/renal out-
comes post-tricuspid valve surgery, often neglecting PPC.
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This oversight may be attributed to either the low incidence
of PPC following tricuspid valve surgery or a general lack
of awareness about such complications. Nonetheless, no
substantial evidence supports these assumptions. Given the
increasing number of TR cases requiring surgery, this study
aims to quantify the incidence of PPC during tricuspid valve
surgery and identify the relevant preoperative predictors.
By doing so, we aim to enhance the preoperative physiolog-
ical status of patients and mitigate the onset of PPC, thereby
improving overall surgical outcomes.

Methods

Design

We executed a retrospective, single-center, observa-
tional study on a patient cohort who underwent isolated
tricuspid valve replacement (TVR) or tricuspid valve re-
pair (TVr) surgical procedures under general anesthesia and
cardiopulmonary bypass. The study adhered to the prin-
ciples of the Declaration of Helsinki and complied with
the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) reporting guideline.

Inclusion and Exclusion Criteria

Patients aged over 50 years who underwent elective
isolated TVR/TVr surgical procedures from 2018–2023
were eligible for the study. The exclusion criteria included
infective endocarditis, operation-related complications re-
quiring reoperation, and severe non-pulmonary complica-
tions such as significant digestive tract hemorrhage, cere-
brovascular accident, cardiac arrest, and wound infection.
Between 2018 and 2023, we consecutively enrolled 190
patients anticipated to undergo elective tricuspid valvular
surgery. Of these, 43 patients were excluded for various
reasons: five were diagnosed with infective endocarditis;
three experienced surgery-related complications; seventeen
continued on medication as surgery was deemed unnec-
essary; and eighteen encountered serious non-pulmonary
complications (Fig. 1).

Clinical Management Protocol

Patients underwent median sternotomy and cardiopul-
monary bypass based on the tricuspid valve disease guide-
lines, which considered factors such as age, preoperative
comorbidities, and recommendations from a multidisci-
plinary team (comprising a cardiologist, cardiovascular sur-
geon, echocardiography specialist, anesthesiologist, and
two nursing staff members). Anesthesia inductionwas stan-
dardized in all patients with 1.5–2 mg/kg propofol (Sichuan
Guorui Pharmaceutical Co., Ltd., Sichuan, China), rocuro-
nium (Zhejiang Huahai Pharmaceutical Co., Ltd., Zhejiang,
China) for muscle relaxation, and a continuous infusion of

propofol and remifentanil (Humanwell Healthcare [Group]
Co., Ltd., Hubei, China). Tracheal intubation and positive
pressure ventilation were performed on all patients. The
tidal volume was set to 6–8 mL/kg and the inspiratory-
expiratory ratio was kept at 1:2. The respiratory rate was
adjusted based on the patient’s body weight, and the end-
tidal carbon dioxide concentration was maintained at 30–35
mmHg.

Post-surgery, patients were routinely transferred to the
intensive care unit (ICU) for close clinical monitoring. Af-
ter weaning from mechanical ventilation in the ICU, pa-
tients were moved to the surgical ward, where they re-
mained under observation until they were deemed fit for
discharge.

Data Collection

Preoperative baseline characteristics, comorbidities,
and clinical variables were collected from the Comprehen-
sive Health Record. Details recorded for each patient in-
cluded demographics (age, sex, body mass index), smok-
ing history, New York Heart Association (NYHA) classi-
fication, left ventricle ejection fraction, TR severity grade,
right ventricular function parameter (right ventricular [RV],
right atrial [RA], tricuspid annular plane systolic excursion
[TAPSE]), EuroSCORE II, preoperative arterial blood gas
analysis on room air (PaO2, PaCO2, and SaO2), 6-minute
walk distance (6MWD), and pulmonary function test re-
sults (Forced expiratory volume in one second [FEV1];
forced vital capacity [FVC]; maximum inspiratory pressure
[MIP]). Additionally, data on the history of previous car-
diac surgery, presence of comorbidities (such as respira-
tory muscle weakness, hypertension, coronary artery dis-
ease, stroke, hyperlipidemia, type 2 diabetes, chronic kid-
ney disease, chronic obstructive pulmonary disease, pul-
monary hypertension, and respiratory infection in the past
month), and type of surgery were noted.

Definition

Patients were screened by an interdisciplinary cardiac
team, comprising two cardiac surgeons and one echocar-
diography specialist, based on echocardiographic findings.
Transthoracic echocardiogramswere performed and quanti-
fied according to Rebecca’s proposed grading scheme. The
vena contracta widths, along with the quantification of the
effective regurgitant orifice area, were used to assess the de-
gree of TR (mild, moderate, severe, massive, and torrential)
prior to surgery [15].

All patients underwent preoperative pulmonary func-
tion tests in accordance with the criteria set by the American
Thoracic Society. This included FEV1, FVC, and MIP. The
actual measured values (FEV1 and FVC) were compared
as a percentage to theoretical values derived from a Chi-
nese population reference, established by Zhang et al. [16],
using data from the 2012–2015 Chinese National Health
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Fig. 1. Patient enrollment and study participation flowchart. This figure depicts the enrollment process and selection criteria for
patients included in the study on tricuspid valve surgery. It starts with the total number of patients assessed for eligibility and details the
exclusion and inclusion steps, resulting in the final participant group analyzed for postoperative pulmonary complications (PPC). Each
decision point and patient count is clearly marked to demonstrate the filtering process that led to the cohort used in our analysis.

Survey. The study utilized the MIP reference values for
various age groups, as proposed by Sclauser Pessoa et al.
[17], to calculate MIP%. Additionally, patients’ functional
capacity was evaluated using the 6MWT, wherein patients
were directed to walk as far as possible along a flat corridor
within a 6-minute time frame [18]. All patients included in
the study were required to complete this test upon admis-
sion.

Inspiratory muscle weakness, as per Evans’ criteria,
was characterized by maximum inspiratory pressure (MIP)
values falling below 60% of the predicted value [19]. Hy-
pertension was defined by either a consistently elevated
blood pressure exceeding 140/90 mmHg, or evidence from
antihypertensive medication records. Given the imprac-
ticability of performing coronary angiography on all pa-
tients, the diagnosis of coronary artery disease was in-
ferred from patients past medical history, encompassing
chronic coronary artery disease and acute coronary syn-
drome. All patients underwent preoperative brain com-
puted tomography (CT) scans. Stroke was characterized
as either ischemic stroke, intracerebral hemorrhage, or sub-
arachnoid hemorrhage. Hyperlipidemia was classified into
hypertriglyceridemia (triglyceride levels≥150 mg/dL) and
hypercholesterolemia (low-density lipoprotein cholesterol
levels ≥180 mg/dL). Type 2 diabetes included patients ex-
hibiting a fasting plasma glucose level of ≥126 mg/dL,
a random or 2-hour plasma glucose level on oral glucose
tolerance test of ≥200 mg/dL, a hemoglobin A1c level of
≥6.5%, or classic symptoms of hyperglycemia. Chronic

kidney disease (CKD) was defined by a glomerular fil-
tration rate below 60 mL/min/1.73 m2 for a duration ex-
ceeding 3 months. Chronic obstructive pulmonary disease
(COPD) was identified by a FEV1/FVC ratio below 70%.
Pulmonary hypertension was characterized by a mean pul-
monary artery pressure exceeding 25 mmHg. The patient’s
disease progression was tracked over the previous month to
identify the presence of respiratory symptoms such as dys-
pnea, cough, and fever. This was supplemented by a review
of medical consultation records from community hospitals
and respiratory-specific antibiotic regimens [20]. Upon ad-
mission, all patients underwent chest radiography in either
a supine or standing position. A comprehensive diagnosis
of recent respiratory infections was made by radiologists
based on the Atelectasis Score [21].

Outcomes

A retrospective analysis of PPC incidence was con-
ducted at the point of discharge. The Melbourne Group
Scale (MGS) was utilized for PPC screening, diagnosing
PPC if four or more of the eight items were present [22].
Subsequently, patients were grouped into two categories:
the ‘PPC group’ for those diagnosed with PPC and the ‘non-
PPC group’ for those without PPC during hospitalization.
One of the study’s objectives was to examine the dispar-
ity in medical expenses between the two groups. Key out-
comes of interest included length of stay (LOS), duration
of ventilator usage, duration of antibiotic use, and the ad-
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ditional costs incurred due to PPC. These additional costs
encompassed expenses related to the hospital ward, venti-
lation support, chest imaging, clinical laboratory tests, an-
tibiotics, and medical consultations [23].

Statistical Analysis

To compare continuous variables between the PPC
and non-PPC groups, we utilized the independent two-
tailed Student’s t-test or the Mann–Whitney U test. The
Fisher’s exact test was employed for the examination of
categorical variables. Continuous data are displayed as
the mean (standard deviation) and median (25th–75th per-
centile), while categorical variables are shown as number
(percentages). For those patients unable to perform out-of-
bed activities, their 6MWD was recorded as 0 m. To man-
age the presence of missing data (6MWD), we implemented
multiple imputations [21]. A sensitivity analysis was con-
ducted to assess the variance in results pre- and post-data
imputation. Preoperative factors’ association with PPCwas
investigated using logistic regression analysis. Initial co-
variates considered included age, smoking status, TR sever-
ity grade, 6MWD, FEV1, RV, TAPSE, MIP, respiratory in-
fection in the past month, type 2 diabetes and pulmonary
hypertension. Age, 6MWD, FEV1, RV, TAPSE and MIP
were modelled as continuous variables, while the TR sever-
ity grade was categorized as mild, moderate, severe, mas-
sive, or torrential. The linearity of the logarithm of con-
tinuous variables was assessed with the Box-Tidwell test.
Multicollinearity evaluation was performed using Pearson
correlation coefficient statistics and by examining the Vari-
ance Inflation Factor and Tolerance of the multiple regres-
sion model with the same dependent and independent vari-
ables. The overall significance of the model was evaluated
with the –2 log likelihood ratio test, and the model fit was
assessed with the Chi-square test of the Hosmer-Lemeshow
goodness of fit. We plotted Pearson and Deviance residu-
als against the predicted values to identify outliers and de-
tect statistical leverage. The final covariates were deter-
mined to be smoking status, TR severity grade, 6MWD,
TAPSE, respiratory infection in the past month, and pul-
monary hypertension. All statistical tests were two-sided
and performed at the 0.05 level of significance. All sta-
tistical analyses were carried out using SPSS version 25.0
(SPSS Inc, Chicago, IL, USA).

Results

Baseline Characteristics

Between January 2018 to January 2023, we recruited
190 patients for elective valvular surgery. Of these, 43
patients were excluded due to various reasons (Fig. 1).
Of the remaining 147 patients included in the study, 25

(17.0%) underwent isolated tricuspid valve replacement
(TVR), while 122 (83.0%) were subjected to isolated tri-
cuspid valve repair (TVr) surgical procedures.

Preoperative comparisons between the PPC and non-
PPC groups revealed no significant differences in terms of
sex, New York Heart Association (NYHA) classification,
left ventricular ejection fraction (LVEF), preoperative ar-
terial blood gases in ambient air, and pulmonary function
(Table 1). However, notable differences were observed in
several clinical parameters. Patients in the PPC group were
older (63.2 ± 12.1 vs. 57.4 ± 10.6 years, p < 0.01), had a
more severe degree of TR (p < 0.01), a larger right ventri-
cle (25.4 ± 5.0 vs. 23.4 ± 5.1 mm, p = 0.03), and poorer
right heart systolic function (13.9± 3.5 vs. 17.4± 3.0 mm,
p < 0.01), displayed a reduced capacity to walk (319.1 ±
127.9 vs. 374.8 ± 89.8 m, p = 0.01), and exhibited weaker
inspiratory muscle strength (53.4 ± 20.2 vs. 61.2 ± 22.3
cmH2O, p = 0.04). Furthermore, patients with PPC were
more likely to have comorbidities including type 2 diabetes
(p< 0.01), pulmonary hypertension (p< 0.01), and preop-
erative respiratory tract infection (p< 0.01). The frequency
of isolated TVR/TVr surgeries was similar in both groups
(p = 0.05) (Table 1).

A sensitivity analysis addressing the missing data
highlighted mobility restrictions among the study partici-
pants. Specifically, seven patients in the PPC group and
four in the non-PPC group were unable to perform the
walking test due to their conditions. An independent sam-
ples t-test comparing the walking distances for those who
could participate revealed significant differences between
the groups (367.0 ± 109.8 vs. 291.5 ± 159.5 m, p < 0.01).

Primary Outcome

The incidence of PPC following tricuspid valve
surgery was 29.9%, accounting for 44 out of the 147 cases
undergoing the procedure. As per the Melbourne Group
Scale (MGS) criteria, the four most frequent PPC findings
were, in descending order of prevalence, included: elevated
white blood cell counts (>11.2 × 109/L) or the use of res-
piratory antibiotics, radiographic evidence of atelectasis or
consolidation, clinical diagnosis of pneumonia or chest in-
fection by the attending physician, and the presence of pu-
rulent sputum (yellow or green) (Table 2).

Burden of Medical Expenses

The PPC group, in comparison to the non-PPC group,
experienced significantly longer durations of ICU stay
(117.8 vs. 45.2 hours, p < 0.01) and postoperative hospi-
talization (16.0 vs. 7.0 days, p< 0.01) (Table 2). Addition-
ally, patients with PPC required increased mechanical ven-
tilation time (73.4 vs. 23.4 hours, p < 0.01), and incurred
higher costs related to respiratory system care (3827.9 vs.
1236.47Dollar, p< 0.01) (Table 3). Among the PPC group,

Heart Surgery Forum E771

https://journal.hsforum.com/


Table 1. Comparative overview of demographic, clinical, and preoperative characteristics between PPC and non-PPC groups.
PPC (44) non-PPC (103) p

Age (years) 63.2 (12.1) 57.4 (10.6) <0.01*
Male (%) 21 (47.7) 51 (49.5) 0.86
BMI (kg/m2) 23.6 (4.0) 24.0 (3.3) 0.47
aSmoke 18 (40.9) 26 (25.2) 0.08
aNYHA classification (%)

1 1 (2.3) 2 (2.0)

0.12
2 14 (32.0) 51 (50.0)
3 28 (63.6) 50 (48.5)
4 1 (2.3) 0 (0)

LVEF (%) 58.4 (10.0) 61.2 (9.4) 0.12
aTR severity grade (%)

Mild; Moderate; Severe 15 (34.1) 89 (86.4) <0.01*
Massive 15 (34.1) 9 (8.7)
Torrential 14 (31.8) 5 (4.9)

aTR etiology (%)
Primary 33 (75.0) 79 (76.7)

0.84
Secondary 11 (25.0) 24 (23.3)
RV diameter (mm) 25.4 (5.0) 23.4 (5.1) 0.03*
RA diameter (mm) 47.1 (13.6) 43.6 (12.7) 0.13
TAPSE (mm) 13.9 (3.5) 17.4 (3.0) <0.01*
EuroSCORE II 5.8 (3.3) 3.9 (2.8) <0.01*
Preoperative SaO2 (%) 94.6 (7.9) 96.5 (5.9) 0.11
Preoperative PaO2 (mmHg) 88.0 (17.3) 88.0 (9.7) 0.99
Preoperative PaCO2 (mmHg) 39.1 (6.2) 39.4 (3.8) 0.76
6MWD (m) 319.1 (127.9) 374.8 (89.8) 0.01*
FEV1 (L) 1.8 (0.8) 2.1 (0.7) 0.87
FEV1 (%) 70.8 (22.2) 73.6 (18.2) 0.43
FVC (L) 2.4 (0.9) 2.6 (0.7) 0.14
FVC (%) 70.5 (18.4) 72.7 (15.1) 0.46
MIP (cmH2O) 53.4 (20.2) 61.2 (22.3) 0.04*
aHistory of median sternotomy 9 (20.5) 15 (14.6) 0.47
aInspiratory muscle weakness 23 (52.3) 39 (37.9) 0.14
aHypertension 13 (29.6) 34 (33.0) 0.85
aCoronary heart disease 4 (9.1) 7 (6.8) 0.73
aStroke 4 (9.1) 9 (8.7) 1.00
aHyperlipoidemia 13 (29.6) 24 (23.3) 0.42
aType 2 diabetes 21 (47.7) 11 (10.7) <0.01*
aCKD 9 (20.5) 15 (14.6) 0.47
aCOPD 12 (27.3) 19 (18.5) 0.27
aPulmonary hypertension 30 (68.2) 16 (15.5) <0.01*
aRespiratory infection in the past month 11 (25.0) 4 (3.9) <0.01*
TVR (%) 12 (27.3) 13 (12.6)

0.05
TVr (%) 32 (72.7) 90 (87.4)
Data are presented as number (percentage) or mean (standard deviation). aCategorical data
was analyzed using a Fisher’s exact test. Continuous data were analyzed with independent
two-tailed Student’s t-tests. PPC, postoperative pulmonary complications; BMI, body mass
index; NYHA, New York Heart Association; LVEF, left ventricular ejection fraction; TR, tri-
cuspid regurgitation; RV, right ventricular; RA, right atrial; TAPSE, tricuspid annular plane
systolic excursion; 6MWD, 6-minutes walking distance; FEV1, forced expiratory volume in
one second; FVC, forced vital capacity; MIP, maximum inspiratory pressure; CKD, chronic
kidney disease; COPD, chronic obstructive pulmonary disease; TVR, tricuspid valve replace-
ment; TVr, tricuspid valve repair; *p-value < 0.05.
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Table 2. Distribution of pulmonary complications as assessed by MGS criteria.
Items Percentage of positive

(1) Chest radiograph report of atelectasis/consolidation 51.0%
(2) White blood cell of >11.2 × 109/L or use respiratory antibiotics 89.8%
(3) Temperature >38 °C 28.6%
(4) Positive signs of infection on sputum microbiology 14.3%
(5) Production of purulent (yellow or green) sputum 35.4%
(6) SpO2 <90% on room air 27.2%
(7) Diagnosis of pneumonia/chest infection by attending physician 38.1%
(8) Prolonged stay (>36 hours) or re-admission on the ICU 24.5%
MGS, Melbourne Group Scale; ICU, intensive care unit.

a total of 33 (75.0%) patients tested positive for sputum bac-
terial infection, with the majority occurring 1–3 days af-
ter surgery (60.5%) (Fig. 2). Furthermore, the duration of
postoperative antibiotic usage was longer in the PPC group
compared to the non-PPC group (13.5 vs. 2.7 days, p <

0.01).

Fig. 2. Distribution of positive sputum bacterial infections
following surgery. This figure illustrates the timeline and fre-
quency of positive sputum bacterial infection among patients fol-
lowing tricuspid valve surgery. The x-axis represents the days
post-surgery, with Day 0 being the day of the surgery itself. The
y-axis shows the percentage of patients who tested positive for
bacterial infection. Data points are divided into time intervals to
demonstrate the proportion of positive tests occurring at each post-
operative period.

Logistic Regression Analysis

Univariate analysis revealed several significant risk
factors for PPC. Smoking emerged as a highly significant
risk factor (odds ratio [OR]: 7.69, 95% confidence interval
[CI]: 1.67–35.34, p = 0.01). The severity grade of TR, par-
ticularly at the torrential level, was also a strong predictor
(OR: 26.56, 95% CI: 4.29–164.42, p< 0.01). Additionally,
a history of respiratory infection in the past month substan-
tially increased the risk (OR: 78.52, 95%CI: 7.69–801.21, p

< 0.01), and pulmonary hypertension (OR: 13.60, 95% CI:
3.30–56.03, p < 0.01) were identified as risk factors in the
multivariable model. Additionally, the six-minute walk dis-
tance (6MWD) (OR: 0.99, 95%CI: 0.99–1.00, p = 0.01) and
tricuspid annular plane systolic excursion (TAPSE) (OR:
0.61, 95% CI: 0.48–0.76, p < 0.01) were independent pro-
tective factors for PPC (Table 4). The logistic model effec-
tively classified 89.11% of the study subjects (Sensitivity
95.45%, Specificity 90.29%, area under curve (AUC) 0.96,
p < 0.01) (Fig. 3).

Fig. 3. ROC analysis of predictive model performance for
postoperative pulmonary complications. This figure presents
the receiver operating characteristic (ROC) curve for the logis-
tic regression model predicting PPC. The model demonstrated
high accuracy with an ability to correctly classify 89.11% of the
study subjects, achieving a sensitivity of 95.45%, a specificity of
90.29%, and an area under the curve (AUC) of 0.96, indicating
excellent predictive capability.
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Table 3. Comparison of postoperative outcomes between PPC and non-PPC groups.
PPC (44) non-PPC (103) p

Duration of intensive care unit (hour) 117.8 (79.3–185.8) 45.2 (23.5–68.2) <0.01*
Length of postoperative Hospitalization (d) 16.0 (9.0–30.0) 7.0 (7.0–9.0) <0.01*
Time of invasive ventilator usage (hour) 17.8 (9.7–87.9) 11.9 (0.0–17.8) 0.01*
Time of noninvasive ventilator usage (hour) 52.3 (45.5–84.0) 16.6 (0.0–33.3) <0.01*
Total duration of mechanical ventilation (hour) 73.7 (58.0–105.4) 23.4 (0.0–44.1) <0.01*
Oxygen therapy (hour) 113.7 (62.6–204.8) 29.5 (13.9–42.6) <0.01*
Duration of antibiotics (d) 13.5 (7.1–23.9) 2.7 (1.8–3.3) <0.01*
Additional cost in respiratory system (Dollar) 3827.9 (2058.9–4418.9) 1236.5 (1062.2–1491.5) <0.01*
Data are presented as median (25th–75th) unless otherwise specified. Calculated using the Mann–Whitney U test (for
length, duration, and cost). *p-value < 0.05.

Table 4. Risk and protective factors for postoperative pulmonary complications after tricuspid valve surgery.
Logistic Regression for Odds to Pulmonary Complication Univariate OR (95% CI) p Multivariable OR (95% CI) p

Age 0.91 (0.83–1.00) 0.06
Smoke 12.57 (2.03–77.79) 0.01* 7.69 (1.67–35.34) 0.01*
TR severity grade (Mild; Moderate; Severe) <0.01* <0.01*

Massive 2.89 (0.47–17.69) 0.25 3.33 (0.78–14.11) 0.10
Torrential 23.55 (3.20–173.13) <0.01* 26.56 (4.29–164.42) <0.01*

6MWD 0.99 (0.99–1.00) 0.04* 0.99 (0.99–1.00) 0.01*
FEV1 1.07 (0.20–5.61) 0.93
RV 1.12 (0.94–1.34) 0.21
TAPSE 0.53 (0.39–0.74) <0.01* 0.61 (0.48–0.76) <0.01*
MIP 0.95 (0.90–1.00) 0.07
Respiratory infection in the past month 142.54 (8.85–2295.97) <0.01* 78.52 (7.69–801.21) <0.01*
Type 2 diabetes 5.56 (1.06–29.08) 0.04*
Pulmonary hypertension 14.60 (3.11–68.51) <0.01* 13.60 (3.30–56.03) <0.01*
TR, tricuspid regurgitation; 6MWD, 6-minutes walking distance; FEV1, forced expiratory volume in one second; RV, right ventricular;
TAPSE, tricuspid annular plane systolic excursion; MIP, maximal inspiratory pressure; OR, odds ratio; CI, confidence interval. Independent
predictors of postoperative pulmonary complications following tricuspid valve surgery calculated using backwards, stepwise multivariate
logistical regression analysis with a p-value of 0.05 for entry and p-value of 0.10 for elimination. *p-value < 0.05.

Discussion

To the best of our knowledge, our study is the first
report to specifically examine preoperative variables asso-
ciated with pulmonary complications following isolated tri-
cuspid valve surgery. We found the incidence of PPC was
29.9%, aligning with previous studies on cardiac surgery
[9]. Our analysis identified several independent risk factors
for PPC following tricuspid valve surgery: smoking, the
severity grade of tricuspid regurgitation, previous respira-
tory infections, and pulmonary hypertension. Additionally,
the 6MWD and TAPSE were found to be independent pro-
tective factors against the occurrence of PPC after tricuspid
valve surgery.

PPC are well-documented adverse events during the
perioperative period, commonly manifesting as pulmonary
atelectasis and respiratory failure [10]. These complica-
tions not only lead to high-cost events that elevate in-
hospital mortality rates but also significantly diminish pa-
tient quality of life [13]. Even minor PPC increase the uti-

lization of healthcare resources. Cardiac surgeries, as inva-
sive procedures, are particularly susceptible to these com-
plications. Contributing factors such as general anesthesia,
mechanical ventilation, and surgical manipulation can im-
pair pulmonary function, thereby reducing effective cough-
ing and deep breathing [24–26].

PPC significantly affect both short-term and long-
term mortality rates, as well as overall outcomes following
surgery. Patients undergoing non-cardiac thoracic surgery
under general anesthesia who develop at least one PPC ex-
perience higher mortality rates, increased ICU admission,
and prolonged hospital stays. Specifically, the 30-day mor-
tality rate for patients with PPC ranges from 14% to 30%,
compared to only 0.2% to 3% for those without PPC while
the 90-day mortality rate stands at 24.4% for patients with
PPC, versus 1.2% for those without [12,27]. These dispar-
ities in survival persist for up to five years. A large ob-
servational study from 2005 revealed stark long-term dif-
ferences: 1-year mortality rates stood at 45.9% for patients
with PPC compared to 8.7% for those without, and at five
years the mortality rates were 71.4% vs. 41.1% [27].
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The financial impact of PPC is also substantial, given
the resources required for the diagnosis, treatment, and re-
habilitation of affected PPC patients. It is estimated that
PPC result in a 9% to 25% increase in total hospitalization
costs [28]. Considering the high annual volume of surg-
eries and the preventability of most surgical adverse events,
the implementation of systematic strategies to reduce the in-
cidence of PPC is of significant public health importance.
The development of PPC involves multifactorial causes, in-
volving complex interactions between the patient, surgical
procedure, and anesthesia factors. However, the manage-
ment of these complications, rather than their mere occur-
rence, largely determines postoperative morbidity and mor-
tality. Therefore, the focus of preoperative optimization
strategies is to intervene early and reduce identified risks.

Our research underscores the significance of smoking
(OR: 4.15, 95% CI: 1.20–14.35, p = 0.02) as an indepen-
dent risk factor, confirming findings from previous stud-
ies [29]. Inhalation of chemical agents can result in air-
way burns, precipitating a spectrum of pathophysiological
changes akin to acute respiratory distress syndrome, includ-
ing bronchial inflammation, mucosal edema, epithelial cell
detachment, and hypoxemia [30]. The perioperative smok-
ing cessation guidelines, issued by the National Institute
for Health and Care Excellence, stress both pharmacolog-
ical and behavioral support to aid smoking cessation [31].
A cessation period exceeding 4 weeks prior to surgery re-
duces the incidence of PPC by 23%, and greater improve-
ments are seen as the time is extended, with periods over
8 weeks reducing the incidence by 47% [31]. As a result,
we strongly advocate that all patients scheduled for tricus-
pid valve surgery cease smoking at the earliest opportunity,
irrespective of the anticipated surgical date.

A prospective cohort study discovered a correlation
between respiratory infections—with symptoms like fever
and the need for antibiotic treatments within one-month
preceding surgery—and a range of adverse pulmonary out-
comes such as pneumonia, pleural effusion, and pulmonary
atelectasis [12]. Notably, 25% of patients in the PPC-group
experienced a respiratory infection within a month before
surgery, compared to only 3.9% in the non-PPC group, as
evidenced by lobar atelectasis or bilateral lobar atelectasis
from chest x-ray images or noted in medical records. Given
the alarmingly high prevalence of community-acquired
pneumonia in China, particularly among the elderly, it is
suggested that elective tricuspid valve surgery patients with
recent respiratory infections delay their operation by 1–
2 weeks to improve pulmonary health. Additionally, for
those already hospitalized, incorporating preoperative edu-
cation on respiratory health could be beneficial. Support-
ing this approach, a study by Boden et al. [23] indicates
that preoperative chest physiotherapy can significantly en-
hance patient fitness and effectively decrease the incidence
of PPC.

Collaborative preoperative pulmonary rehabilitation,
involving physiotherapists, has demonstrated comparable
effectiveness in preventing the occurrence of PPC. This
rehabilitation approach enhances the body’s metabolic ca-
pacity, improves the systolic-diastolic cycle of respiratory
muscles, alleviates muscle fatigue, and ultimately enhances
lung function and overall functional capacity [32]. A meta-
analysis involving 695 participants examined the impact of
the treatment before cardiac or abdominal surgery [33]. The
findings revealed a reduction in the incidence of both atelec-
tasis and pneumonia (risk ratio (RR): 0.53, 95% CI: 0.34–
0.82; RR: 0.45, 95% CI: 0.26–0.77; respectively) [33].
Similarly, Odor et al. [34] demonstrated that aerobic train-
ing prior to thoracic surgery significantly boosts patients’
physiological reserve and reduces the risk of PPC, further
validating the critical role of preoperative physical condi-
tioning.

Our study is the first to report the incidence of PPC
in isolated tricuspid valve surgery, identifying the degree
of TR, pulmonary hypertension, and TAPSE as indepen-
dent risk factors. We hypothesize that several mechanisms
contribute to these complications. Notably, secondary TR,
which affects 90% of patients, typically results from right
ventricular remodeling caused by left-sided valvular or pul-
monary hypertension [35]. Patients with pulmonary hyper-
tension, especially when combined with significant right
ventricular dysfunction, are at increased risk of severe hy-
poxemia, ventilation and circulatory failure due to hemody-
namic instability during complex surgery, and mechanical
ventilation [36].

Our team conducted a preliminarily systematic review
the effects of inspiratory muscle training (IMT) in patients
with pondus hydrogenii (PH). The results revealed a signif-
icant improvement inMIP by 18.89 cmH2O (95%CI: 9.43–
28.35, p< 0.001) and an increase in the 6MWD by 30.16 m
(95% CI: 1.53–58.79, p = 0.04) [37]. These findings sug-
gest that IMT is a promising intervention for enhancing the
rehabilitation of patients with PH and may serve as a pre-
cursor to more structured exercise training. Moreover, IMT
could significantly enhance functional capacity of patients
undergoing isolated tricuspid valve surgery, potentially re-
ducing the incidence of PPC [37].

Delayed presentation is prevalent among patients with
TR due to the late onset of symptoms. The severity of TR is
associated with compromised survival and the exacerbation
of heart failure, yet tricuspid valve therapy is often initiated
too late in clinical practice [5]. Furthermore, growing evi-
dence suggests that severe right ventricular dysfunction cor-
relates with an increased incidence of perioperative adverse
events, further elevating the risk of PPC [38]. Our study
corroborates these findings, demonstrating that patients in
the PPC-group exhibited lower TAPSE values. This obser-
vation suggests impaired right ventricular systolic function
is predictive of poorer postoperative outcomes.

Heart Surgery Forum E775

https://journal.hsforum.com/


Patients with secondary TR often experience in-
creased left heart pressure, leading fluid to traverse the pul-
monary capillary endothelium and accumulate in the in-
terstitial and alveolar spaces, consequently, leading to de-
creased pulmonary diffusion, hypoxia, and dyspnea [39].
To prevent the progression of TR to more severe stages,
early intervention is essential. Anti-heart failure treatment
should be continued in TR patients with severe conges-
tive heart failure. The primary objectives are to amelio-
rate symptoms of blood stasis and low cardiac output, re-
store normal oxygenation, optimize cardiovascular capac-
ity, and enhance peripheral circulation. Surgical treatment
should be delayed until heart failure conditions have stabi-
lized [40].

Restricted capacity function is a fundamental clinical
manifestation of heart failure and is recognized as a signifi-
cant risk factor for postoperative adverse events. The sever-
ity of this functional limitation is directly correlated with
the severity of heart failure [41]. The 6MWD test is widely
employed to evaluate the functional capacity of patients
with cardiovascular disease [42]. A meta-analysis iden-
tified clinically significant variances, ranging from 14.0–
30.5 meters in the 6MWD among adults with respiratory
and coronary artery disease [42]. In our study, we observed
a notable disparity of 55.6 meters in 6MWD between two
patient groups. Results from our regression model indi-
cated that each 1-meter increase in 6MWD is associated
with a 1% decrease in the probability of PPC. These find-
ings suggest that enhancing perioperative capacity through
targeted rehabilitation could significantly improve postop-
erative outcomes for patients undergoing tricuspid valve
surgery. Previously, our team developed a three-day pre-
habilitation bundle protocol—comprising inspiratory mus-
cle training, aerobic training, and educational components,
referred to as the “TIME” program—for cardiac surgery pa-
tients [43]. This program has proven in reducing the inci-
dence of PPC (OR: 0.60, 95% CI: 0.41–0.87) and reduc-
ing treatment costs (959.4 vs. 1319.2 Dollar, p < 0.01)
[43]. Therefore, we advocate for the preoperative screen-
ing of patients at a high risk of PPC. By doing so, we aim to
improve the patient’s capacity to withstand surgical stress,
minimize adverse events, and promote early functional re-
covery.

We observed that sputum infections occurred predom-
inantly within 1–3 days following surgery, aligning with the
findings reported by Serpa Neto et al. [44]. This frequent
early occurrence is likely related to the patient’s underlying
disease condition, intraoperative airway management dur-
ing anesthesia, and the initial management of organ dys-
function in the intensive care unit. Consequently, we ad-
vocate for the implementation of early rehabilitation and
comprehensive respiratory management for postoperative
patients to prevent the development of PPC and mitigate
progression of respiratory distress. Early interventions for
high-risk patients could include preoperative health educa-

tion, inspiratory muscle training, aerobic exercise, intraop-
erative anesthesia and airway management, as well as early
mobilization after surgery. These strategies are crucial and
warrant further exploration in future studies.

Limitations

Our study has several limitations that should be ac-
knowledged. Firstly, our study relied on multivariable
regression analysis to identify independent influences on
PPC. While this method establishes associations, it does
not confirm causal relationships. Secondly, the absence
of long-term postoperative follow-up limited our ability to
assess the long-term functional capacity and quality-of-life
impacts on both patient groups. Additionally, there was no
further investigation on the impact of PPC on patient out-
comes. To address this limitation, future studies should in-
clude extended follow-up periods to comprehensively cap-
ture these dimensions. The third limitation of our study is
the omission of intraoperative and postoperative variables
that may include additional PPC risk factors. These vari-
ables, such as operation time, blood transfusion regimen,
anesthesia strategy, cardiopulmonary bypass duration, and
ventilator management could potentially influence the oc-
currence of PPC. Although including these variables could
enhance the predictive accuracy of our model, their inclu-
sion might hinder the identification of high-risk preopera-
tive populations, potentially inhibiting optimization. The
fourth limitation of this study is the need for caution in in-
terpreting the 6MWD as a protective factor. It should be
noted that some patients with TR were too symptomatic to
even get out of bed. To mitigate the impact of missing data,
multiple imputation techniques were used. Importantly, the
need for more tailored approaches to manage severely ill
patients remains. Finally, the current study utilizes single-
center retrospective data, which could bias our results, and
limit the generalizability of our data. Therefore, caution
is advised when interpreting our results. Future research
should aim to replicate these findings across multiple cen-
ters and with larger sample sizes to confirm the multivari-
ate predictors of PPC in patients undergoing tricuspid valve
surgery.

Conclusion

In conclusion, this study successfully identified sev-
eral independent predictors of PPC following tricuspid
valve surgery, including smoking status, severity grade of
TR, 6MWD, TAPSE, recent respiratory infections, and pul-
monary hypertension. Clinicians are encouraged to uti-
lize these predictors to assess surgical risk in patients with
TR and to consider implementing preoperative optimiza-
tion strategies to bolster physiological reserve and reduce
the risk of PPC. Future research should explore and validate
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the efficacy of targeted interventions that aim to optimize
preoperative risk factors, thereby reducing PPC incidence
and improving surgical outcomes.
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