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ABSTRACT

Background: Defecation delay is a common symptom in
patients after tricuspid valve replacement (T'VR). Previous
studies have demonstrated that defecation delay was associ-
ated with worse clinical outcomes of critically ill patients. Our
study aimed to investigate the incidence and risk factors of
defecation delay in patients after TVR and its adverse clinical
outcomes.

Methods: A retrospective study was conducted in 206
patients undergoing TVR under cardiopulmonary bypass
from May 2005 to July 2021. According to the first postop-
erative defecation time after surgery, patients were divided
into the delayed group (>3 days) and control group (<3 days).
Baseline characteristics and preoperative, intraoperative, and
postoperative data were collected to investigate the clinical
outcomes of defecation delay.

Results: Among the 206 patients, 51.9% (107/206) cases
were classified into the defecation delay group. Univariate
analysis showed that age (P = 0.043), preoperative platelets
(PLT) (P < 0.001), cardiopulmonary bypass (CPB) time (P
= 0.013), minimum rectal temperature (P = 0.042), and the
use of prokinetic drugs (P = 0.015) were significantly differ-
ent in the two groups. In addition, the perioperative adverse
events in the defecation delay group were significantly higher
than that of the control group. Logistic regression analysis
indicated that the mortality of patients was associated with
postoperative renal dysfunction (P = 0.047) and postopera-
tive respiratory failure (P = 0.004) but was not associated with
defecation delay (P > 0.05).

Conclusion: Patients with defecation delay after TVR
were more likely to appear adverse events, however, defeca-
tion delay was not associated with mortality after TVR.

Received November 9, 2022; accepted December 6, 2022.

Correspondence: Xu Zhiyun and Han Lin, Department of Cardiovascular Surgery
of Changhai Hospital Affiliated to Naval Military Medical University, Shanghai,
200433, China (e-mails: xuzhiyunsh@163.com, dr_hanlin@163.com,).

© 2023 Forum Multimedia Publishing, LLC

INTRODUCTION

Tricuspid regurgitation (TR) is a common cardiovascular
disease with structural anomaly of tricuspid valve or tricus-
pid annulus, usually due to primary dysfunction or secondary
dysfunction, such as pulmonary hypertension, atrial fibrilla-
tion, or left heart valve disease [Antunes 2017]. Recent data
reported that the morbidity of TR is as high as 0.55% in the
community, with a higher incidence in the elderly popula-
tion [Topilsky 2019]. Surgery under cardiopulmonary bypass
is considered for severe TR or progressive TR with either
signs/symptoms of right-sided heart failure or tricuspid annu-
lar dilation, or the presence of vegetation [Correction 2021].
Clinical epidemiological data suggested that the mortality
rate of patients after tricuspid valve replacement (T'VR) is as
high as about 10% during hospitalization, and the follow-up
period is accompanied by high mortality and readmission rate
[Dreyfus 2020; Zack 2017]. Patients with severe TR often are
accompanied with severe right ventricular dysfunction, which
could increase systemic venous pressure [Pahwa 2021], leading
to gastrointestinal congestion, increased intestinal wall thick-
ness and liver enzymes, and ultimately result in gastrointes-
tinal-related clinical symptoms and cardiac cachexia [Valen-
tova 2016; Raja 2004]. Prolonged postoperative mechanical
ventilation, intensive care unit (ICU) stays, and hospital stays
are more likely to occur in patients with early gastrointestinal
dysfunction after cardiac surgery [Seilitz 2021].

Gastrointestinal peristalsis weakness is a common postop-
erative symptom, and its pathological mechanism is mainly
associated with surgical and drug factors [Diebakate-Scor-
damaglia 2022]. Delayed gastric emptying and intestinal tran-
sit are the main causes of defecation delay, which may result in
multiple health problems and low quality of life [Belsey 2010].
A large number of patients undergoing thoracic surgery were
reported to be with defecation delay, and this symptom may
persist even after hospital discharge [Rasmussen 2010]. Def-
ecation delay may also prolong the length of mechanical ven-
tilation, ICU stays, and increase the probability of acquired
bacterial infection [Launey 2021; Gacouin 2010]. Of note,
delayed defecation for more than 3 days is one common symp-
tom of early postoperative mechanical ileus [Vather 2013],
which manifests as an abnormal pattern of gastrointestinal
motility [Stewart 2007]. However, it is difficult to recognize
exact gastrointestinal complications as patients may be given
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analgesics or vasopressors, thereby the vital signs and symp-
toms of gastrointestinal conditions were concealed.

Defecation delay in the perioperative period is not yet
clearly defined and hasn’t received sufficient attention, and
there is no relevant literature report on gastrointestinal symp-
toms and treatment after cardiovascular surgery. Therefore,
it’s one worthy of in-depth study on whether defecation delay
is a potential mechanism resulting in adverse events of TVR
in the perioperative period, as patients with severe TR are
more likely to develop symptoms of gastrointestinal dysfunc-
tion due to right heart dysfunction. In our study, we retro-
spectively analyzed clinical data of TR patients undergoing
TVR to identify adverse outcomes and risk factors of defeca-
tion delay after TVR.

METHODS

Subject enrollment: A retrospective analysis of 206 patients
undergoing TVR under cardiopulmonary bypass (CPB) from
May 2005 to July 2021 was conducted in Cardiovascular Sur-
gery, Changhai Hospital, China. This study was approved by
the Ethics Committee of Shanghai Hospital affiliated to Naval
Medical University. Inclusion criteria: (I) Patients clinically
diagnosed as TR and who met the criteria for surgery; and (II)
Padents received TVR under CPB.

Data collection: The baseline characteristics, preopera-
tive examination and test, defecation situation, and treatment
were obtained from the patients’ medical records. Postopera-
tive respiratory failure was defined as the length of mechani-
cal ventilation exceeding 72 hours or reintubation, according
to a previous study on patients who received cardiothoracic
surgery [Ivanov 2016]. Patients with the first postoperative
defecation time exceeding 3 days (3 days not included) were
classified into the delayed group, while other patients were
classified into the control group, according to a similar study
on thoracic surgery [Li 2021].

Statistics: All data were statistically analyzed by IBM SPSS
Statistics 21. For univariate analysis, a normality test first was
conducted. An independent sample t-test was performed and
data were reported as mean + standard deviation, if the data
obeyed normal distribution or a rank sum test was performed
and data were reported as median [first quartile, third quartile].
Categorical variables were analyzed with the chi-square test
and reported as quantity (percentage). To analyze risk factors
for death, a bivariate logistics regression analysis was performed
based on the results of univariate analysis and professional
knowledge. P < 0.05 was considered statistically significant.

RESULTS

Baseline characteristics, preoperative data of TR
patients: A total of 107 patients whose postoperative def-
ecation time exceeded 3 days were classified into the delayed
group. The other 99 patients with postoperative defecation
time less than or equal to 3 days were classified into the con-
trol group. (Figure 1) The mean age of the delayed group was
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Figure 1. First postoperative defecation time in patients after tricuspid
valve replacement.
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Figure 2. Prokinetic drugs and other digestive system treatments of tri-
cuspid valve replacement patients.

significantly higher than that of the control group. There was
no significant difference in gender, body mass index (BMI),
New York Heart Association (NYHA) classification, underly-
ing disease, and previous abdominal or cardiac surgery his-
tory. (Table 1) The platelets in the delayed group were signifi-
cantly less than in the control group (P < 0.001). Preoperative
symptoms, fecal hardness value, and echocardiography results
were not statistically significant between the two groups (P >
0.05). (Table 2) (Table 3)

Intraoperative data of TR patients: There was no signif-
icant difference in types of artificial valves, minimum pharyn-
geal temperature, and surgical method between the delayed
group and control group (P > 0.05). Notably, the CPB time
in the delayed group was significantly higher than that of the
control group (79.2 vs. 65.6 min, P = 0.013). Additionally, the
minimum rectal temperature in the delayed group was signifi-
cantly lower than that of the control group (34.2 vs. 34.5°C,
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Table 1. Basic characteristics of patients

Characteristic Overall (N =206) Delayed (N = 107) Control (N = 99) P-value
Age, years 56.2 57.8 (50.0, 66.0) 54.4 (46.0, 65.0) 0.043
Gender, n (%) - - - 0.745
Male 85 43 (40.2) 42 (42.4)
Female 21 64 (59.8) 57 (57.6)
BMI (kg/m?), n (%) 222 22.1(19.8, 23.9) 22.3(20.2,23.7) 0.844
Low (BMI<18) 13 7 (6.5) 6(6.1)
Normal (18<BMI<24) 313 76 (71.0) 72 (72.7)
Overweight (24=BMI<28) 35 22 (20.6) 17 (17.2)
Obese (BMI=28) 6 2 (1.9) 4 (4.0)
Hypertension, n (%) 25 14 (13.1) 1 (M.1) 0.665
Diabetes, n (%) 15 8 (7.5) 7(77) 0.91
Preoperative renal dysfunction, n (%) 5 4(3.7) 1(1.0) 0.413
Previous abdominal surgery, n (%) il 6 (5.6) 5(5.1) 0.859
Liver cirrhosis, n (%) 7 6 (5.6) 1(1.0) 0.069
Liver congestion, n (%) 81 47 (43.9) 34 (34.3) 0.160
AF, n (%) 127 66 (61.7) 61 (61.6) 0.992
NYHA classifications, n (%) - - - 0.388
HI 52 23 (21.5) 29 (29.3)
Il 130 72 (67.3) 58 (58.6)
\Y% 24 12 (1.2) 12 (12.1)
Previous cardiac surgery, n (%)
Left heart valve surgery 128 69 (64.5) 59 (59.6) 0.471
Right heart valve surgery 47 28 (26.2) 19 (19.2) 0.233
Re-TVR 152 81 (75.7) 7 (7.7) 0.516

BMI, body mass index; AF, atrial fibrillation; NYHA, New York Heart Association;

P =0.042). For concomitant surgeries, there was a statistical
difference in the rate of TVR combined with mitral valve sur-
gery between the two groups, while there was no statistical
difference in other operations (P > 0.05). (Table 4)

Digestive system treatments of TR patients after sur-
gery: Prokinetic drugs and other digestive system treatments
were used after surgery. Lactulose, mosapride, domperidone,
and clostridium butyricum were the most commonly used
medicines. (Figure 2) We further examined the difference of
prokinetic drug application and defecation delay within 3 days
after surgery between these two groups to identify whether
prophylactic use of prokinetic drugs would avoid the occur-
rence of defecation delay. As shown in Table 5, 64 (59.8%)
cases in the delayed group were treated with prokinetic drugs
at the initial 3 days after tricuspid valve surgery, which was
significantly lower than that of the control group (75.8%) (P
=0.015). (Table 5)

Clinical outcomes and perioperative adverse events of
TR patients: As shown in Table 6, non-survivors all were
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Re-TVR, re-tricuspid valve replacement

from the delayed group, accounting for 16.8% of the delayed
group. (Table 6) Furthermore, the length of ICU stays (P <
0.001) and hospital stays (P < 0.001), postoperative respira-
tory failure (P < 0.001), length of nasogastric tube decom-
pression time (P < 0.001), and pleural drainage volume after
surgery at the first 24h (P = 0.039) were significantly higher in
the delayed group than in the control group. In addition, the
incidence of complications, such as pulmonary infection (P =
0.002), renal dysfunction needing hemodialysis (P < 0.001),
delirium/seizures (P = 0.027), and cardiac dysfunction (P =
0.009) were significantly higher in the delayed group than in
the control group. TR patients with postoperative delayed
defecation were more likely to occur adverse events when
compared with patients in the control group. However, there
was no significant difference in postoperative nausea/emesis/
anorexia (P = 0.761), cerebral infarction/cerebral hemorrhage
(P = 0.761), gastrointestinal bleeding (0.151), hemiplegia (P
= 0.151), and redo thoracotomy on account of bleeding (P =
0.397) between these two groups. (Table 6)

E97




‘The Heart Surgery Forum #2022-5281

Table 2. Preoperative symptoms and test results

Characteristic Delayed (N = 107) Control (N = 99) P-value
Abdominal distension, n (%) 28 (26.2) 18 (18.2) 0.169
Anorexia, n (%) 18 (16.8) 16 (16.2) 0.898
Ascites, n (%) 10 (9.3) 10 (10.7) 0.855
Stool consistency, n (%) - - 0.438

Normal 103 (96.3) 93 (93.9)

Mushy 4(3.7) 6 (6.1)
HB, g/L 123.3 (105.0, 139.0) 124.7 (105.0, 144.0) 0.381
HCT, % 38.0 (33.0, 41.7) 37.8 (33.8, 42.8) 0.55
WBC, x10"9 /L 52(3.4,5.8) 5.4 (3.8, 6.2) 0.349
PLT, x10"9 /L 124.0 (83.0, 146.0) 157.4 (109.0, 203.0) <0.001
Creatinine, umol/L 76.6 (59.0, 88.0) 72.3 (60.0, 87.0) 0.913
TBIL, umol /L 23.4 (13.9, 28.6) 22.6 (14.0, 28.6) 0.333
ALT, umol /L 31.5 (13.0, 23.0) 20.3 (14.0, 24.0) 0.813
AST, umol /L 52.1(22.0, 32.0) 26.7 (21.0, 29.0) 0.510
Albumin, g/L 40.1 (38.0, 43.0) 40.1 (38.0, 43.0) 0.561

HB, hemoglobin; HCT, hematocrit; WBC, white blood cell; PLT, platelets; TBIL, total bilirubin; ALT, alanine transaminase; AST, aspartate aminotransferase

Table 3. Preoperative echocardiography

Characteristic Delayed (N = 107) Control (N =99) P-value
LVEF (%) 62.3+7.3 62.3+8.2 0.993
Tricuspid regurgitation (mL) 66.1 (31.0, 92.0) 58.2 (33.0, 63.0) 0.209
LA volume (mL) 169.9 (84.0, 215.0) 157.5 (60.0, 198.0) 0.360
LV volume (mL) 102.2 (73.0, 115.0) 90.9 (70.0, 103.0) 0.104
RA volume (mL) 216.0 (122.0, 281.0) 216.0 (126.0, 251.0) 0.884
RV volume (mL) 117.2 (65.0, 131.0) 104.1 (71.0, 129.0) 0.677
Pulmonary trunk diameter (cm) 2.7(2.4,3.2) 2.6 (2.4,3.2) 0.583

LVEF, left ventricular ejection fraction; LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle

Multivariate analysis of death: Patients after TVR were
re-classified into the survival group (N = 188) and non-survival
group (N = 18). The result of univariate analysis indicated
that preoperative platelets, creatinine, total bilirubin (TBIL),
NYHA classifications, postoperative renal dysfunction, pul-
monary infection, gastrointestinal bleeding, delirium/seizures,
cardiac dysfunction, postoperative respiratory failure, and post-
operative defecation time were associated with death of patients
after TVR. (Supplementary Table 1) (Supplementary Table 2)
(Supplementary Table 3) The results of logistic regression anal-
ysis indicated that postoperative renal dysfunction and respi-
ratory failure were independent risk factors for perioperative
death of TR patients after TV, while defecation delay exceeding
3 days was not associated with mortality. (Table 7)
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DISCUSSION

Defecation delay occurred in 51.9% (107/206) of the
TR patients after TVR in our study, which was similar to
the results (55%) of a study aimed at lung tumor surgery
[Li 2021]. The occurrence of postoperative delayed defeca-
tion may be related to age, preoperative platelets, interop-
erative CPB time, minimum rectal temperature, and the use
of prokinetic drugs. The proportion of patients who experi-
ence renal dysfunction, lung infection, cardiac dysfunction,
postoperative respiratory failure, and delirium/seizures in the
delayed group was extremely higher than that in the control
group. In addition, the length of ICU stays and hospital stays
were significantly prolonged in patients of the delayed group.
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Table 4. Intraoperative data

Characteristic Delayed (N = 107) Control (N = 99) P-value
Atrtificial valve, n (%) - - 0.299
Mechanical valve 41 (38.3) 45 (45.5)
Bioprosthetic valve 66 (61.7) 54 (54.5)
CPB time, min 79.2 (51.8, 97.5) 65.6 (46.0, 75.0) 0.013
Minimum pharyngeal temperature (°C) 33.5 (32.6, 34.1) 33.7 (33.0, 34.5) 0.166
Minimum rectal temperature (°C) 34.2 +1.0 34.5+0.8 0.042
Surgical approach, n (%) - - 0.458
Open heart surgery 52 (48.6) 43 (43.4)
Small incision thoracotomy cardiac surgery 55 (51.4) 56 (56.6)
Combined surgery, n (%)
MVP/MVR 15 (14.0) 1(1.0) <0.001
AVR 1(0.9) 1(1.0) 1
CABG 2(1.9) 0(0) 0.512
VSD 0(0) 1(1.0) 0.969
ASD 5(4.7) 6(6.1) 0.658
Pacemaker implantation 2 (1.9) 0(0) 0.512

CPB, cardiopulmonary bypass; MVP, mitral valvuloplasty; MVR, mitral valve replacement; CABG, coronary artery bypass graft; VSD, ventricular septal defect;

ASD, atrial septal defect

Table 5. Postoperative digestive treatment of patients

Characteristic Delayed (N = 107) Control (N = 99) P-value
Prokinetic drugs within 3 days after surgery, n (%) - 0.015
Yes 64 (59.8) 75 (75.8)
No 43 (40.2) 24 (24.2)
Types of prokinetic drugs within 3 days after surgery, n (%) - 0.013
0 43 (40.2) 24 (24.2)
1 18 (16.8) 15 (15.2)
2 36 (33.6) 34 (34.3)
3 9 (8.4) 23 (23.2)
4 1(0.9) 3(3.0)

However, defecation delay may not be associated with the
mortality of TVR patients, in contrast, renal dysfunction and
respiratory failure were independent risk factors for death.
Recent studies manifested that defecation delay was
related to weaning difficulty, prolonged ICU and hospi-
tal stays, a high probability of acquired infection, multiple
organ disorders, acute pulmonary embolism, and death for
patients requiring long-term mechanical ventilation [Gac-
ouin 2010; Kollef 1991]. We, for the first time, identified
that TVR patients in the delayed group were more likely
to experience adverse events. Patients with severe TR often
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are accompanied with severe right heart failure, which may
lead to long-term increased splanchnic venous pressure, and
result in long-term ischemia of enterocytes and disruption of
normal intestinal barrier function [Polsinelli 2019]. Whether
gastrointestinal dysfunction resulting from right heart failure
is the cause of defecation delay in patients with TR remains
to be further investigated, but existing studies suggest that
patients with severe TR may have impaired gastrointestinal
function. The results of our study suggested that TVR and
other cardiac surgeries required continued attention to gas-
trointestinal symptoms in the future.
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Table 6. Clinical outcomes and perioperative adverse events

Characteristic Delayed (N = 107) Control (N =99) P-value
Mortality, n (%) 18 (16.8) 0 (0) <0.001
Length of ICU stay, h 194.2 (48.0, 159.0) 62.2 (23.0, 64.0) <0.001
Length of hospital stay, d 18.2 (10.0, 18.0) 13.5 (9.0, 14.0) 0.002
Length of nasogastric tube decompression, h 154.2 (18.0, 130.0) 31.8 (7.0, 21.0) <0.001
Nausea/emesis/anorexia, n (%) 19 (17.8) 16 (16.2) 0.761
Pulmonary infection, n (%) 17 (15.9) 3 (3.0) 0.002
Renal dysfunction, n (%) 18 (16.8) 0(0) <0.001
Redo thoracotomy, n (%) 7 (6.5) 3 (3.0) 0.397
Postoperative respiratory failure, n (%) 24 (22.4) 2 (2.0) <0.001
Cerebral infarction/cerebral hemorrhage, n (%) 2 (1.9) 0(0) 0.512
Gastrointestinal bleeding, n (%) 6 (5.6) 1(1.0) 0.151
Delirium/seizures, n (%) 7 (6.5) 0(0) 0.027
Cardiac dysfunction, n (%) 9 (8.4) 0 (0) 0.009
Hemiplegia, n (%) 1(0.9) 0(0) 1
Pleural drainage volume of the day of surgery, mL 477.2 (190.0, 670.0) 394.7 (150.0, 450.0) 0.039
ICU, intensive care unit
Table 7. Logistic regression of death
Characteristic Odds ratio 95% confidence interval P-value
Preoperative PLT, x10"9 /L 0.991 0.964-1.019 0.543
TBIL, umol /L 0.984 0.893-1.085 0.748
NYHA classification, n (%)

- 1.000

1l 4.133 0.009-1872.288 0.649

v 1.301 0.003-623.149 0.933
Postoperative renal dysfunction

No 1.000

Yes 1041.049 8.638-125461.367 0.004
Pulmonary infection

No 1.000

Yes 19.715 0.227-1708.673 0.190
Postoperative respiratory failure

No 1.000

Yes 47.649 1.059-2144.879 0.047
Postoperative defecation time, d 0.802 0.369-1.745 0.578

PLT, platelets; TBIL, total bilirubin; NYHA, New York Heart Association
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Similar to other postoperative functional gastrointestinal
diseases, defecation delay is related to various factors, includ-
ing the patient’s diet, toilet habits, environment, culture, race,
and genetics [Barberio 2021]. Anxiety, depression, and sleep
disorders may be aggravated during hospitalization, which
may result in postoperative defecation delay through brain-
gut axis regulation [Zhu 2012]. Furthermore, the decrease of
the amount and variety of food intake during perioperative
period and low level of physical activity may lead to defeca-
tion delay [Vargas-Garcia 2013]. Patients undergoing cardiac
surgery need to be treated with diuretics and reduce water
intake. The reduction of body water may increase the reab-
sorption of water in feces and thus increase stool hardness and
reduce frequency of defecation [Boilesen 2021]. The decline
of gastrointestinal motility in patients with cardiothoracic
surgery also leads to the long retention time of feces in the
intestinal tract, and the excessive absorption of water in the
feces, which will lead to stool hardening and defecation dif-
ficulty [Whodarczyk 2021; Zoumprouli 2017]. In addition,
not only for patients undergoing TVR, but also for patients
undergoing other operations, immobilization, anesthesia,
pain, electrolyte imbalance and other factors could result in
reduced intestinal motility and defecation delay [Li 2021;
Hellstrom 2021]. It is worth exploring the mechanism that
causes postoperative defecation delay in future research.

Intestinal mucosal blood flow supplies sufficient oxygen
and nutrients to mucosal cells for maintaining normal diges-
tive function under normal physiological conditions [Kawano
2000], while intestinal mucosa ischemia and reperfusion
injury may occur after CPB, which may lead to increased
intestinal permeability and impaired barrier function [Braun
2004; Wang 2011], further to alter the gastrointestinal peri-
staltic function of patients [Ballabeni 2002]. Our study also
confirmed that the occurrence of postoperative defecation
delay was closely related to the duration of CPB. Inhibition of
intestinal peristalsis may lead to bacterial overgrowth in the
intestines [Adike 2018]. With the disruption of the intestinal
barrier, bacterial translocation could lead to the initiation of
systemic inflammatory response syndrome, multiple organ
dysfunction syndromes, or even death [Puleo 2011]. Defeca-
tion delay also may result in increased intra-abdominal pres-
sure, which can further lead to dysfunction of the abdominal
organ [Al Ali 2021; Kongkatong 2022].

Postoperative gastrointestinal dysfunction increased hospi-
tal stays, cost of care, and postoperative morbidity, and there-
fore there is currently more focus on positive strategies for
prevention rather than treatment [Venara 2016]. The propor-
tion of defecation delay symptoms in patients using prokinetic
drugs at the first 3 days after TVR was significantly lower than
in those who hadn’t taken prokinetic drugs at the first 3 days
after surgery. This evidence suggested that prophylactic use
of prokinetic drugs may reduce the occurrence of defecation
delay, while needs to be further verified in the future.

Previous studies have shown that prokinetic drugs are effec-
tive in reducing feeding intolerance in critically ill patients
after surgery, but the incidence of the length of ICU stays
and other adverse events outcomes remained unclear [Lewis
2016; Peng 2021]. Reasonable preoperative lifestyle and
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dietary measures, postoperative thoracic epidural analgesia,
water and electrolyte balance, alvimopan, and gum chewing
can play roles as effective preventive measures [Diebakate-
Scordamaglia 2022; Bragg 2015]. One recent study suggested
that prophylactic use of laxatives also reduces gastrointestinal
dysfunction in patients requiring long-term mechanical ven-
tilation [de Azevedo 2015]. It’s of great significance to relieve
the symptoms through the intervention, such as osmotic or
mucilaginous laxatives, prokinetic drugs, and keeping water-
electrolyte balance for patients who already developed def-
ecation delay [Chor 2020]. Lubricant laxatives and enemas
may be options for patients with end-stage constipation, and
for those with refractory defecation delay, stimulant laxatives
or surgery may be required [Mounsey 2015].

The occurrence of defecation delay may provide valuable
prognostic information for ICU patients. Our study indicated
that the mortality and adverse event rate were higher in the
delayed group, and other ICU clinical studies reported the
same conclusion [Gacouin 2010]. However, the results of logis-
tic regression analysis indicated that only renal dysfunction and
respiratory failure were independent risk factors for death in
hospital, which is consistent with similar studies. A retrospec-
tive observational study involving 1933 patients reported that
defecation delay was not associated with in-hospital mortality
[Yoshida 2022]. The multivariate analysis of another prospec-
tive observational study involving 396 patients also showed
that defecation delay was associated with prolonged mechani-
cal ventilation and ICU stays, but not mortality [Launey 2021].
In conclusion, patients with defecation delay after TVR were
more likely to appear adverse events, such as mortality, pro-
longed ICU and hospital stays, and postoperative respiratory
failure. However, defecation delay was not associated with the
mortality of patients who underwent TVR.
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Supplementary Table 1. Preoperative data

Characteristic Non-survival (N = 18) Survival (N = 188) P-value
Age, years 60.6 (49.8, 70.3) 55.8 (49.0, 64.8) 0.112
Gender, n (%) - - 0.774

Male 8 (44.4) 77 (41)

Female 10 (55.6) 1 (59)
BMI (kg/m2) 22.2(20.2,23.7) 22.2(19.7,23.9) 0.943
Hypertension 1(5.6) 24 (12.8) 0.605
Diabetes, n (%) 2 (1.1) 13 (6.9) 0.857
Preoperative renal insufficiency, n (%) 2 (11.1) 3 (1.6) 0.088
Previous abdominal surgery, n (%) 1(5.6) 10 (5.9) 1
Liver cirrhosis, n (%) 2 (1.1) 5(2.7) 0.226
Liver congestion, n (%) 8 (44.4) 73 (38.8) 0.641
AF, n (%) 14 (77.8) 113 (60.1) 0.1
NYHA classifications, n (%) - - 0.004

-l 1(5.6) 51 (27.1)

Il 1 (61.1) 119 (63.3)

\% 6(33.3) 18 (9.6)
Previous cardiac surgery, n (%)

Left heart valve surgery 1 (61.1) 17 (62.2) 0.925

Right heart valve surgery 3 (16.7) 44 (23.4) 0.721

Re-TVR 1 (61.1) 4 (75) 0.318
Abdominal distension, n (%) 5(27.8) 41 (21.8) 0.776
Anorexia, n (%) 5(27.8) 29 (16.5) 0.381
Ascites, n (%) 2 (1.1) 18 (9.6) 1
Stool consistency, n (%) - - 0.668

Normal 18 (100) 178 (94.7)

Mushy 0(0) 10 (5.3)
HB, g/L 114.7 £25.4 124.9 +£25.3 0.105
HCT, % 37.9 (28.8, 40.5) 37.9 (33.8, 42.1) 0.087
WBC, x10"9/L 6.2 (3.3, 6.5) 5.2 (3.6, 6.1) 0.792
PLT, x10"9 /L M.7 (69.0, 169.0) 142.7 (101.0, 182.0) 0.0M
Creatinine, umol/L 102.6 (62.5, 119.0) 71.9 (59.0, 86.0) 0.014
TBIL, umol /L 29.5 (18.8, 37.2) 22.5(13.8,25.3) 0.021
ALT, umol /L 87.8 (10.0, 27.3) 20.6 (13.0, 22.3) 0.356
AST, umol /L 165.0 (21.8, 37.5) 28.0 (21.0, 29.5) 0.287
Albumin, g/L 39.6 (35.8, 42.5) 40.1 (34.7, 43.0) 0.533
LVEF (%) 60.6 (52.0, 68.3) 62.6 (57.0, 69.0) 0.363
Tricuspid regurgitation (mL) 60.1(30.5, 82.3) 62.4 (20.4, 77.0) 0.920
LA volume (mL) 161.1 (68.8, 228.8) 164.9 (80.0, 200.0) 0.502
LV volume (mL) 102.2 (68.8, 127.5) 93.3 (72.0, 107.0) 0.756
RA volume (mL) 205.5 (132.5, 303.0) 217.0 (124.5, 258.0) 0.649
RV volume (mL) 93.1 (68.5, 126.5) 112.6 (68.0, 131.8) 0.702
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Pulmonary trunk diameter (cm) 2.8(2.5,3.0) 2.6 (2.4,2.8) 0.087

BMI, body mass index; AF, atrial fibrillation; NYHA, New York Heart association; Re-TVR, re-tricuspid valve replacement; HB, hemoglobin; HCT, hematocrit;
WABC, white blood cell; PLT, platelets; TBIL, total bilirubin; ALT, alanine transaminase; AST, aspartate aminotransferase; LVEF, left ventricular ejection fraction;
LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle

Supplementary Table 2. Intraoperative data

Characteristic Non-survival (N = 18) Survival (N = 188) P-value
Atrtificial valve, n (%) - - 0.114
Mechanical valve 3 (16.7) 83 (44.1)
Bioprosthetic valve 15 (83.3) 105 (55.9)
CPB time, min 73.9 (50.0, 88.0) 72.5 (49.0, 84.0) 0.654
Minimum pharyngeal temperature (°C) 34.6 (32.8, 34.3) 33.6 (32.9, 34.3) 0.450
Minimum rectal temperature (°C) 34.1 +1.0 34.3 0.9 0.300
Surgical approach, n (%) - - 0.762
Open heart surgery 9 (50) 87 (46.3)
Small incision thoracotomy cardiac surgery 9 (50) 101 (53.7)

CPB, cardiopulmonary bypass; MVP, mitral valvuloplasty; MVR, mitral valve replacement; CABG, coronary artery bypass graft; VSD, ventricular septal defect;
ASD, atrial septal defect.

Supplementary Table 3. Postoperative data

Characteristic Non-survival (N = 18) Survival (N = 188) P-value
Redo thoracotomy, n (%) 1(5.6) 9 (4.8) 0.966
Postoperative respiratory failure, n (%) 16 (88.9) 10 (5.3) <0.001
Cerebral infarction/cerebral hemorrhage, n (%) 1(5.6) 1(0.5) 0.413
Renal dysfunction, n (%) 16 (88.9) 2 (1.1) <0.001
Pulmonary infection, n (%) 12 (66.7) 8 (4.3) <0.001
Gastrointestinal bleeding, n (%) 5(27.8) 2 (1.1) <0.001
Delirium/seizures, n (%) 4(22.2) 3 (1.6) <0.001
Cardiac dysfunction, n (%) 6(33.3) 3(1.3) <0.001
Hemiplegia, n (%) 0(0) 1(0.5) 1
Pleural drainage volume of the day of surgery (mL) 420.6 (182.5, 610) 439.2 (150, 580) 0.873
Prokinetic drugs within 3 days after surgery - - 1

Yes, n (%) 9 (50) 130 (69.1)

No, n (%) 9 (50) 58 (30.9)
Postoperative defecation time, d 8.3(5 M) 3.6 (2,4) <0.001
Defecation delay - - <0.001

Yes, n (%) 18 (100) 89 (47.3)

No, n (%) 0 (0) 99 (52.7)
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