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Abstract

Introduction: The investigation was to elucidate predic-
tors of ventilation dependency after cardiac operation for
infective endocarditis. Methods: Patients with infective
endocarditis undergoing cardiac operation were retrospec-
tively investigated. Mechanical ventilation >72 hours was
defined as ventilation dependency after cardiac operation.
Results: 896 patients with infective endocarditis who un-
derwent cardiac operation were assigned to group of me-
chanical ventilation <72 h (n = 704) and >72 h (n = 192).
Multivariate analyses identified age, interval from symp-
toms to operation, vegetation size, aortic occlusion length,
pump length, intensive care unit (ICU) retention length,
serum creatinine before and 24 h after surgery, preoperative
and postoperative left ventricular end diastolic dimension
(LVEDD), preoperative aortic regurgitation and packed red
blood cells to be associated with ventilation dependency
after cardiac operation; ventilation dependency is signif-
icantly related to prolonged ICU stay (>3 d), 1- and 5-
year mortality after cardiac operation. All-time mortality
(45.3% versus 5.6%, p < 0.001) of mechanical ventilation
>72 h group was higher than that of mechanical ventila-
tion <72 h group. A significant positive correlation ex-
ists between preoperative aortic regurgitation and ventila-
tion dependency after cardiac operation. A value of pre-
operative aortic regurgitation >5.25 cm? was 100% sensi-
tive and 64.6% specific for the diagnosis of ventilation de-
pendency after cardiac operation. Conclusions: We found
modifiable risk factors of ventilation dependency after car-
diac operation including interval from symptoms to opera-
tion, vegetation size, aortic occlusion length, pump length,
ICU retention length, serum creatinine before and 24 h after
operation, preoperative and postoperative LVEDD, preop-
erative aortic regurgitation and packed red blood cells and
optimization of pre-, peri-, and postoperative factors that
can reduce incidence of ventilation dependency, contribut-
ing to better short- and long-term outcomes.

infective endocarditis; surgery; prolonged mechanical ven-
tilation

Introduction

Infective endocarditis (IE) remains a complicated and
life-threatening disease, with an in-hospital mortality of
15%-20% and 1-year mortality of about 40%, although its
clinical, imaging, microbiological, and therapeutic profiles
have made great progress. The treatment of IE patient needs
a group of doctors with professional knowledge in all fields
of the disease [1-4].

Ventilation dependency is a major complication af-
ter cardiac operation, previously associated with increased
mortality, declined quality of life, and heavy economic cost
[5-8]. Ventilation dependency is a recognized complication
of cardiac operation, occurring in up to one-fifth of patients
[9-11].

Ventilation dependency following heart operation, as
a severe complication, requires the search for novel treat-
ment strategies. Patients who undergo heart operation are
usually capable of resuming spontaneous ventilation imme-
diately after anesthesia recovery. However, according to
the threshold used to delimit prolonged mechanical ven-
tilation, about 2.6%—-22.7% of patients require ventilation
dependency. For these ventilation dependent patients, the
in-hospital mortality rate may exceed 40% [12,13].

There is no unique definition for prolonged postop-
erative ventilation, and several studies have used different
definitions. Consensus has defined 3 probable situations:
weaning easy, weaning difficult, and long-term weaning.
Easy Weaning easy is suitable for most patients, among
whom only one successful attempt has been made to sep-
arate from mechanical ventilation; if separation attempt for
the first time fails, it is defined as weaning difficult and re-
quires more spontaneous breathing tests before extubation;
long term weaning refers to the need for patients to undergo
three or more spontaneous breathing tests or ventilation for
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Fig. 1. Flow chart of patients. IE, infective endocarditis.

>7 days after the spontaneous breathing test for the first
time [14—16]. In our study, ventilation dependency is de-
fined as 72 hours or more of postoperative tracheal intuba-
tion, starting from the completion of the indicator proce-
dure.

There is limited predictive data on ventilation depen-
dency after cardiac operation for infective endocarditis [ 17—
19]. We hypothesized that identifying modifiable risk fac-
tors for ventilation dependency after cardiac operation and
optimizing preoperative, intraoperative, and postoperative
factors that can reduce mechanical ventilation will help
achieve better short-term and long-term outcomes.

Design

Patients with infective endocarditis undergoing car-
diac operation at our medical center from January 2006 to
November 2022 were retrospectively investigated. Their
medical records were reviewed.

Diagnosis
Based on the modified Duke criteria, all patients were

diagnosed [20]. We reviewed the data of operation and
pathology to affirm the preoperative diagnosis.
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Eligibility Criteria

Patients with infective endocarditis undergoing car-
diac operation were enrolled in the study. Patients without
cardiac operation were excluded (Fig. 1).

Operative Technique

Based on the guidelines of American Association for
Thoracic Surgery (AATS) for the management of IE, car-
diac operation for IE was indicated. We thoroughly de-
brided all infected tissues and foreign objects and per-
formed extensive flushing after surgery [4]. Operations in-
cluded sole mitral valve surgery, sole aortic valve replace-
ment, double valve operation, sole tricuspid valve surgery,
and Bentall + mitral valve replacement.

Management in Intensive Care Unit (ICU)

At the end of the surgery, the patient was directly ad-
mitted to the cardiothoracic ICU. All patients were con-
tinuously controlled for hemodynamic status using arterial
catheters. The patient is ventilated through volume assisted
control mode, with a tidal volume of 8-10 mL/kg body
weight. We adjusted the inhalation oxygen (FiO2) fraction
and respiratory rate based on routine blood gas analysis to
maintain arterial oxygen partial pressure (PaO3) between
80 and 100 mmHg, and arterial carbon partial pressure of
35-40 mmHg. Sedation was completed by use of sufen-
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Table 1. Operations, in-hospital deaths and complications (n = 896).

Variable Value
Operations
Sole AVR, % 19.6% (176/896)

Sole MVR, %

Double valve operation, %

Bentall + MVR, %

Sole tricuspid annuloplasty, %

Extracorporeal Membrane Oxygenation, n
Causes of in-hospital deaths

Paravalvular leakage + Cardiogenic shock + septicemia + AKI + hepatic failure, %

Cerebral hemorrhage, %
Complications

AKI, %

Mechanical ventilation time >72 h, %

Liver failure, %

Respiratory failure, %

Ventricular fibrillation, %

41.1% (368/896)
28.6% (256/896)
1.8% (16/896)
8.9% (80/896)
0.3% (3/896)

3.6% (32/896)
1.8% (16/896)

28.7% (257/896)
21.4% (192/896)
4.4% (39/896)
15.1% (135/896)
3.7% (33/896)

AKI, acute kidney injury; AVR, aortic valve replacement; MVR, mitral valve replacement.

tanil and midazolam postoperatively. The decision to ex-
tubate the patient is made independently by consulting an
anesthesiologist, usually after a spontaneous breathing test.
Patients must maintain neural alertness and orientation be-
fore extubation, be able to move limbs equally, breathe au-
tonomously, and obey commands [9,10].

Variables Investigated

Variables investigated comprised age, gender, body
weight, interval from symptoms to operation, New York
Heart Association (NYHA) class, aortic regurgitation, mi-
tral regurgitation, tricuspid regurgitation, left ventricular
end diastolic dimension (LVEDD), left ventricular ejection
fractions (LVEF), serum creatinine, mechanical ventilation
length, ICU retention length, hospital stay, postoperative
chest drainage, red blood cells (RBC), fresh-frozen plasma,
fluid balance, acute kidney injury, multiorgan failure, hep-
atic failure, respiratory failure, ventricular fibrillation, ex-
tracorporeal membrane oxygenation (ECMO), and mortal-
ity.

Mechanical ventilation >72 hours was defined as ven-
tilation dependency after cardiac operation [9,10].

Interval from symptoms to operation refers to length
between symptoms onset and operation date.

In-hospital mortality refers to any death that occurs
within 30 days of the cardiac operation or in the same hos-
pital in which the surgery was performed.

Aortic regurgitation is quantified by an area (cm?) of
aortic regurgitation, not regurgitant volume.
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Follow-up

All patients discharged were followed up to date of
death or the end date of the study. Echocardiogram, elec-
trocardiogram, and X-ray chest film were accessed for all
patients, once every 3 to 12 months at the outpatient depart-
ment. In the final follow-up, the patients were seen at the
outpatient department or contacted by phone or WeChat.

Statistical Analysis

Continuous data was presented as means + standard
error (SE). Kolmogorov-Smirnov test was conducted to in-
vestigate the normality of all variables. We used the chi-
square test, the Wilcoxon rank-sum test or the Kruskal-
Walls test to investigate relationships between the variables.
We also used contingency table methods and logistic re-
gression analysis to assess the relationships of perioperative
predictors. Survival curves were investigated with Kaplan-
Meier method and log-rank test. Hazard ratios for mortality
since operation were calculated by Cox proportional haz-
ards regression model. Association among two variables
was tested by the Spearman’s correlation coefficient. The
receiver operating characteristic (ROC) curve with the re-
spective area under the curves (AUC) was plotted to inves-
tigate the diagnostic value of the risk factors. The optimal
cutoff was assessed by using Youden’s index in ROC analy-
sis. p < 0.05 was statistically significant. Statistical calcu-
lations were completed using IBM SPSS version 24.0 soft-
ware (IBM SPSS Inc., Armonk, NY, USA).
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Table 2. Preoperative data, operative and follow-up outcomes.

Group of mechanical ventilation

Group of mechanical ventilation

Variable p value
<72 h (n="704) >72h (n=192)

Preoperative
Male, n (%) 416 (59.1%) 134 (69.8%) <0.001
Age, years 37.09 + 0.54 4342 4+ 091 <0.001
Weights, kg 55.92 +0.48 53.88 £ 0.52 0.034
Interval from symptoms to operation, months 2.26 £0.85 3.82+£0.24 <0.001
Vegetation size, mm 9.31+0.24 13.42 £ 0.49 <0.001
LVEDD preoperative, mm 59.30 £ 0.31 67.42 £0.74 <0.001
LVEF preoperative, % 62.84 + 0.27 58.75 £ 0.64 <0.001
Preoperative aortic regurgitation, cm? 3.53 +£0.18 12.78 £ 0.57 <0.001
Preoperative mitral regurgitation, cm? 7.66 + 0.25 5.83+0.33 <0.001
Preoperative tricuspid regurgitation, cm? 4.57 +£0.19 5.03 +0.19 0.227
Serum creatinine before operation, pmol/L 74.93 £+ 0.87 104.08 + 3.74 <0.001

Operative
Operative death, n 1 (0.2%) 47 (13.4%) <0.001
Aortic occlusion length, minutes 81.09 £ 1.26 105.92 +2.60 <0.001
CPB length, minutes 133.00 £ 1.76 168.17 +£2.96 <0.001
ICU retention length, days 3.66 £ 0.07 8.75 £0.22 <0.001
Hospital stay postoperative, days 18.75 £ 0.29 19.67 £+ 0.58 0.147
Serum creatinine 24 h after operation, pmol/L 81.59 + 1.39 113.50 £ 3.92 <0.001
Serum creatinine 48 h after operation, pmol/L 86.59 + 1.93 168.58 4+ 6.23 <0.001
Fluid balance on operation day, mL —686.59 + 28.13 —341.67 £ 60.93 <0.001
Fluid balance on 1st day postoperative, mL —585.23 £25.38 —729.17 £+ 140.81 0.102
Fluid balance on 2nd day postoperative, mL —552.27 £ 24.26 —525.00 £ 70.10 0.645
Postoperative LVEDD, mm 46.70 + 0.26 5242 £ 0.42 <0.001
Postoperative LVEF, % 59.90 £ 0.27 5542 £ 0.34 <0.001
Thoracic drainage, mL 610.00 £ 15.66 680.00 £ 23.57 0.031
Plasma 550.23 +17.55 882.50 £+ 26.82 <0.001
Packed red blood cells 2.02 £0.75 5.25+0.36 <0.001

Group of mechanical ventilation  Group of mechanical ventilation
Follow-up p value
<72h (n=677) >72h (n=137)

Length of follow-up, months 74.71 £ 2.00 4248 +4.11 <0.001
All-time mortality, n 38 (5.6%) 62 (45.3%) <0.001

LVEDD, left ventricular end diastolic dimension; LVEF, left ventricular ejection fractions; CPB, cardiopulmonary bypass; ICU, intensive

care unit.

896 patients with infective endocarditis who under-
went cardiac operation during the research period were di-
vided into group of mechanical ventilation <72 h (n =704)
and >72 h (n = 192). There were 48 in-hospital deaths
(5.4%). Incidence of ventilation dependency after cardiac
operation was 21.4% (192/896) (Table 1, Fig. 1).

Preoperative Data

Age (43.42 + 0.91 versus 37.09 £ 0.54 years), inter-
val from symptoms to operation (3.82 + 0.24 versus 2.26
=+ 0.85 months), vegetation size (13.42 £ 0.49 versus 9.31
+ 0.24 mm), preoperative LVEDD (67.42 + 0.74 versus
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59.30 £ 0.31 mm), preoperative aortic regurgitation (12.78
+ 0.57 versus 3.53 & 0.18 cm?), serum creatinine before
operation (104.08 £+ 3.74 versus 74.93 £+ 0.87 pmol/L)
in mechanical ventilation >72 h group were significantly
greater than those in mechanical ventilation <72 h group,
all p < 0.001 (Table 2).

Operative Outcomes

In-hospital death (13.4% versus 0.2%, p < 0.001), aor-
tic occlusion length (105.92 £ 2.60 versus 81.09 £+ 1.26
minutes, p < 0.001), cardiopulmonary bypass (CPB) length
(168.17 £ 2.96 versus 133.0 = 1.76 minutes, p < 0.001),
ICU retention length (8.75 £ 0.22 versus 3.66 £ 0.07 days,
p < 0.001), serum creatinine 24 h after operation (113.50 +
3.92 versus 81.59 4 1.39 umol/L, p < 0.001), serum cre-
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Table 3. Risk factors of ventilation dependency after cardiac operation for infective endocarditis.

Model OR 95% CI p value

Univariable analysis
Age 1.032 1.020-1.044 <0.001
Interval from symptoms to operation 1.217 1.149-1.288 <0.001
Vegetation size 1.134 1.017-1.161 <0.001
Neurological complications before operation ~ 1.137 1.012-3.026 0.001
Aortic occlusion length 1.112 1.016-1.266 <0.001
CPB length 1.113 1.010-1.816 <0.001
Double valve operation 3.446 2.591-4.585 <0.001
ICU retention time 2.256 2.013-2.529 <0.001
Serum creatinine before operation 1.025 1.019-1.031 <0.001
Serum creatinine 24 h after operation 1.016 1.012-1.020 <0.001
Serum creatinine 48 h after operation 1.127 1.014-1.723 <0.001
Preoperative LVEDD 1.104 1.083-1.125 <0.001
Postoperative LVEDD 1.136 1.106-1.167 <0.001
Packed red blood cells 1.379 1.293-1.470 <0.001
Preoperative aortic regurgitation 1.243 1.203-1.285 <0.001

Multivariable analysis
Age 1.035 1.024-1.047 <0.001
Interval from symptoms to operation 1.203 1.134-1.276 <0.001
Vegetation size 1.148 1.119-1.178 <0.001
Aortic occlusion length 1.236 1.126-2.158 <0.001
CPB length 1.313 1.186-3.816 <0.001
Double valve operation 2.860 2.103-3.890 <0.001
ICU retention length 2.244 1.984-2.538 <0.001
Serum creatinine before operation 1.318 1.013-2.624 <0.001
Serum creatinine 24 h after operation 1.718 1.126-3.215 <0.001
Preoperative LVEDD 1.853 1.098-2.698 <0.001
Postoperative LVEDD 1.674 1.041-3.108 <0.001
Preoperative aortic regurgitation 1.358 1.293-1.427 <0.001
Packed red blood cells 1.659 1.477-1.862 <0.001

OR, odds ratio; CI, confidence interval.

atinine 48 h after surgery (168.58 £ 6.23 versus 86.59 +
1.93 pmol/L, p < 0.001), postoperative LVEDD (52.42 +
0.42 versus 46.70 & 0.26 mm, p = 0.002), thoracic drainage
(680.0 + 23.57 versus 610.0 & 15.66 mL, p =0.031), fresh-
frozen plasma (882.50 + 26.82 versus 550.23 + 17.55 mL,
p < 0.001), packed red blood cells (5.25 + 0.36 versus 2.02
=+ 0.75 units, p < 0.001) in mechanical ventilation >72 h
group were significantly greater than those in mechanical
ventilation <72 h group (Table 2).

Fluid balance on operation day (-341.67 & 60.93 ver-
sus —686.59 + 28.13 mL, p < 0.001) in mechanical ventila-
tion >72 h group were significantly less negative than that
in mechanical ventilation <72 h group (Table 2).

Postoperative LVEF (55.42 £ 0.34 versus 59.90 £+
0.27%, p < 0.001) in mechanical ventilation >72 h group
was significantly less than that in mechanical ventilation
<72 h group (Table 2).

Reasons for in-hospital mortality mainly included sep-

tic shock followed by multiorgan failure and cerebral hem-
orrhage. Acute kidney injury (272/896, 30.4%) and long-
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term mechanical ventilation >72 h (192/896, 21.4%) were
the early complications postoperative (Table 1).

Risk Factors of Ventilation Dependency after Cardiac Op-

eration

Multivariable analyses identified age (odds ratio
(OR): 1.035, 95% confidence interval (CI): 1.024-1.047),
interval from symptoms to operation (OR: 1.203, 95% CI:
1.134-1.276), vegetation size (OR: 1.148, 95% CI: 1.119—
1.178), aortic occlusion length (OR: 1.236, 95% CI: 1.126—
2.158), CPB length (OR: 1.313, 95% CI: 1.186-3.816),
double valve operation (OR: 2.860, 95% CI: 2.103-3.890),
ICU retention length (OR: 2.244, 95% CI: 1.984-2.538),
serum creatinine before operation (OR: 1.318, 95% CI:
1.013-2.624), serum creatinine 24 h after operation (OR:
1.718, 95% CI: 1.126-3.215), preoperative LVEDD (OR:
1.853, 95% CI: 1.098-2.698), postoperative LVEDD (OR:
1.674, 95% CI: 1.041-3.108), preoperative aortic regurgi-
tation (OR: 1.358, 95% CI: 1.293—-1.427) and packed red
blood cells (OR: 1.659, 95% CI: 1.477-1.862) to be asso-
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Fig. 2. Kaplan-Meier curve for survival. Blue line, group of mechanical ventilation <72 h (Group 1); Green line, group of mechanical
ventilation >72 h (Group 2).

ciated with ventilation dependency after cardiac operation, 5.032, 95% CI: 2.199-9.897), and 5-year mortality after
all p < 0.001 (Table 3). cardiac operation (OR: 6.611, 95% CI: 2.837-12.731), all
p < 0.001, respectively (Table 4).

Analysis of the Significance of Ventilation Dependency af-

ter Cardiac Operation Follow-up Outcomes

Multivariable analysis found ventilation dependency Follow-up of 814 patients were accomplished (96.0%,
significantly associated with prolonged ICU stay (>3 d) 814/848). 87 deaths (87/814, 10.7%) occurred within 12
(OR: 1.857, 95% CI: 1.148-3.167), 1-year mortality (OR: months due to IE recurrence and cerebral hemorrhage. The
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Table 4. Analysis of the implication of ventilation dependency in infective endocarditis (n = 896).

Model OR 95% CI p value

Univariable analysis, prolonged ICU stay (>3 d) after heart operation (n = 480)

prolonged mechanical ventilation — 1.523 1.048-2.215 <0.001

Multivariable analysis, prolonged ICU stay (>3 d) after heart operation (n = 480)

prolonged mechanical ventilation  1.857 1.148-3.167 <0.001

Univariable analysis, 1-year mortality after heart operation (n = 87)

prolonged mechanical ventilation  6.319  2.816-18.15 <0.001

Multivariable analysis, 1-year mortality after heart operation (n = 87)

prolonged mechanical ventilation ~ 5.032  2.199-9.897 <0.001

Univariable analysis, 5-year mortality after heart operation (n = 100)

prolonged mechanical ventilation — 8.627  3.220-16.490 <0.001

Multivariable analysis, 5-year mortality after heart operation (n = 100)
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Fig. 3. Association between preoperative aortic regurgitation
and ventilation dependency after cardiac operation. Spear- 0.0 T T T T
00 02 04 06 08 10
man correlations analysis showed a significant positive correlation I
1 - specificity

between preoperative aortic regurgitation and ventilation depen-
dency after cardiac operation (r = 0.558, p < 0.001).

final follow-up showed that 681 survivors were in NYHA
class I (681/707, 96.3%) and 26 in class 11 (26/707, 3.7%).
The presence of ventilation dependency after cardiac oper-
ation for IE significantly raised all-time mortality. It is also
an important risk factor for long-term survival (Fig. 2).

Length of follow-up (42.48 £ 4.11 versus 74.71 + 2.0
months) in mechanical ventilation >72 h group was signifi-
cantly less than that in mechanical ventilation <72 h group.
All-time mortality (45.3% versus 5.6%, p < 0.001) in me-
chanical ventilation >72 h group was significantly higher
than that in mechanical ventilation <72 h group, p < 0.001
(Table 2).

Spearman correlations analysis demonstrated a signif-
icant positive correlation between preoperative aortic regur-
gitation and ventilation dependency after cardiac operation
(r=10.558, p < 0.001) (Fig. 3). The value of preoperative
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Fig. 4. The receiver operating characteristic (ROC) curve
of diagnostic accuracy with preoperative aortic regurgitation
for predicting ventilation dependency after cardiac operation.
The value of preoperative aortic valve regurgitation >5.25 cm?
has 100% sensitivity and 64.6% specificity for diagnosing ventila-
tion dependency after infective endocarditis (IE) cardiac surgery,
with an area under the curves (AUC) of 0.846 (95% CI: 0.815—
0.878; p < 0.001). Youden index was 0.646.

aortic valve regurgitation >5.25 cm? has 100% sensitiv-
ity and 64.6% specificity for diagnosing ventilation depen-
dency after IE cardiac surgery, with an AUC of 0.846 (95%
confidence interval: 0.815-0.878; p < 0.001). Youden in-
dex was 0.646 (Fig. 4). Table 5 showed the comparison
of groups of preoperative aortic regurgitation < and >5.25

cm?.
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Table 5. Comparison of groups of preoperative aortic regurgitation < and >5.25 cm?.

Group of preoperative aortic

Group of preoperative aortic

Variable . . p value
regurgitation <5.25 cm? (n=496)  regurgitation >5.25 cm? (n = 400)

Male, n (%) 272 (54.8%) 320 (80.0%) <0.001
Age, years 35.58 4+ 0.69 42.0 £ 0.59 <0.001
Weights, kg 54.87 + 0.61 56.24 +0.46 0.086

Interval from symptoms to operation, months 2.14 £ 0.07 3.17 £ 0.17 <0.001
Vegetation size, mm 8.77 £ 0.28 11.96 + 0.34 <0.001
Preoperative LVEDD, mm 56.70 £ 0.31 66.32 £+ 0.46 <0.001
Preoperative LVEF, % 64.03 £ 0.25 59.44 £ 0.46 <0.001
Preoperative mitral regurgitation, cm? 9.07 £0.29 5.02 £0.26 <0.001
Preoperative tricuspid regurgitation, cm? 5.17 £ 0.26 4.04 £0.15 <0.001
Serum creatinine before operation, pmol/L 75.13 £ 1.67 88.68 £+ 1.35 <0.001
Aortic occlusion length, minutes 77.10 £+ 1.54 97.96 £ 1.66 <0.001
CPB length, minutes 126.77 £ 2.11 157.60 £+ 2.63 <0.001
ICU retention length, days 3.61 £0.11 6.16 £ 0.15 <0.001
Hospital stay postoperative, days 17.68 + 0.28 20.52 £ 0.45 <0.001
Serum creatinine 24 h after operation, pmol/L 76.26 £ 1.71 103.52 £2.24 <0.001
Serum creatinine 48 h after operation, pmol/L 87.48 £2.91 124.84 +3.43 <0.001
Fluid balance on operation day, mL —571.29 £ 31.20 —664.0 £43.71 0.077

Fluid balance on 1st day postoperative, mL —603.23 £+ 35.12 —632.0 + 68.36 0.693

Fluid balance on 2nd day postoperative, mL —577.29 4+ 26.55 —508.0 +43.18 0.155

Postoperative LVEDD, mm 45.63 £0.25 50.72 £ 0.38 <0.001
Postoperative LVEF, % 60.93 + 0.25 56.51 +0.38 <0.001
Thoracic drainage, mL 513.55 + 18.81 763.20 + 16.19 <0.001
Plasma 440.97 + 21.04 845.20 + 17.80 <0.001
Packed red blood cells 232 £0.16 320+ 0.14 <0.001

Discussion

Despite the prevention and active treatment, the inci-
dence rate of infective endocarditis is still stable and the
prognosis is poor (the 1-year mortality rate is 30%). Surgi-
cal treatment of endocarditis is still challenging and associ-
ated with significant incidence rate and mortality [21,22].

Mechanical ventilation length and ICU stay may be
beyond 2 to 3 weeks, which can have significant economic
impacts and effects on quality of life. The effective cost
per survivor for patients receiving mechanical ventilation
length >4 days is 18 times higher than that of weaned pa-
tients [23,24]. New intervention measures or strategies of
treatment are needed to better the prognosis of patients with
infective endocarditis.

Our goal is to identify patients with infective endo-
carditis who require mechanical ventilation for >72 hours
following surgery. We are trying to confirm those who have
a high likelihood of successful weaning to avoid unneces-
sary interventions such as early tracheotomy.

Risk factors for ventilation dependency after heart
operation have been clarified, such as female sex, age,
body mass index, smoking, hypertension, chronic renal dis-
ease, chronic obstructive pulmonary disease, cardiac func-
tion class, endocarditis surgery, preoperative pulmonary
oedema, combined coronary artery bypass graft + valvu-
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lar surgery, ventilation before surgery, re-do operation,
urgent-emergent operation, mitral valve operation, aor-
tic operation, cardio-pulmonary bypass duration >90 min,
serum creatinine, peripheral vascular disease, bleeding, in-
otrope dependency, cardiogenic shock, low cardiac out-
put, decreased cardiac index, complications after open heart
surgery, LVEF <30%, recent myocardial infarction, blood
products transfusion, presence of atrial arrhythmias [7,14—
16,18,19]. Double valve replacement and aortic root re-
placement surgery generally have more severe conditions
and more complex surgeries, longer extracorporeal circula-
tion time and aortic occlusion time, and longer mechanical
ventilation time. Compared to sole valve operation group,
mechanical ventilation length increased in double valve op-
eration group (68.64 + 4.09 versus 36.72 + 2.01 hours, p
< 0.001). Multivariable analyses identified double valve
operation (OR: 2.860, 95% CI: 2.103-3.890, p < 0.001) to
be associated with ventilation dependency after cardiac op-
eration (Table 3).

Gender, history of chronic obstructive pulmonary dis-
ease, chronic kidney disease and endocarditis, type of
surgery, operation length, aortic occlusion length, transfu-
sion during operation, bleeding and dependency of inotrope
had significant differences in patients with and without pro-
longed ventilation after open heart surgery [18].
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The data of epidemiological studies show that gender
is a significant factor of the incidence of active aortic infec-
tive endocarditis, and the rate of affected men is higher. The
incidence rate as a ratio of men to women, ranging from 2:1
to 9:1, has been reported. Healthy natural valves are typi-
cally protected from bacterial invasion by intact endothe-
lium; the endothelium of patients with endocarditis is no
longer a fused monolayer, with bacteria attached to the sur-
face leading to formation of a biofilm [18]. The bacterial
biofilm has inherent resistance to antimicrobial agents due
to its encapsulation effect. The cyst includes bacteria pro-
ducing extracellular polymers and proteolytic enzymes that
destroy near tissues and enhance infection. Estrogen has
protective effects on endothelial cells, explaining the differ-
ence of incidence rate of endocarditis in men and women.
It has been reported the antioxidant effect of estrogen on
bovine aortic endothelial cells. Because of decrease in junc-
tion proteins between endothelial cells, deficiency of estro-
gen and migration of microphageal are more apparent [18].

Rheumatic heart disease has been near eradicated in
the United States, while the incidence of infective endo-
carditis continues to rise. Medical related procedures have
become an important cause of IE because of more and more
chronic disease patients receiving intensive and invasive
treatment, hemodialysis being the main risk factor. The in-
cidence rate of IE in chronic dialysis patients is 18 times
higher than that in the general population. In a series of 20-
year surgical experiences of end-stage renal disease patients
undergoing dialysis treatment, patients undergoing chronic
hemodialysis have a higher incidence of postoperative me-
chanical ventilation, pneumonia, sepsis, cardiac arrest, and
gastrointestinal events. End-stage renal disease is related to
increased mortality rates at 30 days, 5 years, and 10 years
after surgery [19].

In our study, multivariate analyses identified age, in-
terval from symptoms to operation, vegetation size, aor-
tic occlusion length, pump length, ICU retention length,
serum creatinine before and 24 h after operation, preoper-
ative and postoperative LVEDD, preoperative aortic regur-
gitation and packed red blood cells to be associated with
ventilation dependency after cardiac operation. Ventilation
dependency is significantly related to prolonged ICU stay
(>3 d), 1- and 5-year mortality after cardiac operation. All-
time mortality in mechanical ventilation >72 h group was
significantly higher than that in mechanical ventilation <72
h group. A positive correlation exists between preoperative
aortic regurgitation and ventilation dependency after car-
diac operation (r = 0.558, p < 0.001).

A value of preoperative aortic regurgitation >5.25
cm? has 100% sensitivity and 64.6% specificity for the di-
agnosis of ventilation dependency after cardiac operation.

21.4% (192/896) of patients with infective endocardi-
tis require mechanical ventilation for >72 hours, which is
higher than the proportion reported in other series, rang-
ing from 3.2% to 9.1% [3,25,26]. The mortality rate of
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critically ill patients in these groups is significantly higher
than that of patients who rapidly stop mechanical ventila-
tion. In our research, in-hospital mortality rate in mechan-
ical ventilation >72 hours group was significantly higher
than that in mechanical ventilation <72 hours group, and
ventilation dependency was significantly correlated with
long-term mortality. Another study showed that vegetation
size was significantly correlated with destructive annulus,
preoperative neurological complications, acute kidney in-
jury, prolonged ventilation duration, prolonged ICU stay,
in-hospital and 1-year mortality [27].

Emboli from vegetations can result in stroke and fun-
gal aneurysms. The guidelines of American Association
for Thoracic Surgery (AATS) suggest urgent or even emer-
gency surgery in patients with left-sided infective endo-
carditis with mobile vegetations size >10 mm and clinical
evidence of embolism despite appropriate antibiotic treat-
ment. It has been confirmed that mobile vegetations size
>10 mm on the anterior leaflet of the mitral valve is associ-
ated with a higher risk of embolism. Surgery is required
when the mobile vegetations size >10 mm without em-
bolization. Early surgery can prevent stroke suffered from
left-sided infective endocarditis. The European guidelines
for the prevention, diagnosis, and treatment of infective en-
docarditis also provide guidance on this matter. At present,
early surgery has become the preferred treatment for infec-
tive endocarditis. According to the American Association
for Thoracic Surgery (AATS) guidelines, once surgical in-
dications are determined, patients should undergo surgery
within a few days. For patients with large mobile vege-
tations at risk of embolism, early surgery (emergency or
within 48 hours) is reasonable [1,4,28,29].

Preoperative serum creatinine reflects renal function
before surgery, and preoperative LVEDD and preopera-
tive aortic regurgitation are important parameters of the
heart. Due to the progressive nature of infective endocardi-
tis, early surgical intervention is recommended to avoid pre-
operative renal dysfunction, severe aortic regurgitation, and
excessive LVEDD.

We also found that the interval from symptoms to op-
eration is a risk factor for ventilation dependency. In our
study, 2016 patients were diagnosed with infective endo-
carditis during the study period, and 896 patients under-
went cardiac operation (44.4%, 896/2016). The time point
distinction of group with ventilation dependency and group
without ventilation dependency was approximate 4 versus
2 months.

Due to the lack of a good primary, secondary, and
tertiary prevention network, these patients seek medical at-
tention later in the hospital, usually diagnosed later and re-
ferred to our tertiary referral hospital. Therefore, early di-
agnosis and treatment of infective endocarditis are very im-
portant. The rapid and accurate diagnosis of cases of infec-
tive endocarditis is still a challenge. A conceptual frame-
work consisting of required baseline information and re-
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quirements for implementing primary, secondary, and ter-
tiary preventive measures is considered the optimal model
for IE control [30].

Our study identified packed red blood cells transfu-
sion to be associated with ventilation dependency after car-
diac operation. Due to various morphological and func-
tional changes that occur during blood storage, such as re-
duced deformability, inflammation, consumption of 2,3-
diphosphoglycerol, release of free hemoglobin, and de-
creased bioavailability of nitric oxide, red blood cell infu-
sion cannot restore sufficient microcirculation oxygenation
[31].

We also found a significant positive correlation be-
tween preoperative aortic regurgitation and ventilation de-
pendency after cardiac operation. The cut-off value of pre-
operative aortic regurgitation is 5.25 cm?, which has 100%
sensitivity and 64.6% specificity for the diagnosis of venti-
lation dependency. Endocarditis is the most common cause
of acute aortic valve regurgitation. In a native valve, en-
docarditis can lead to leaflet perforation, leaflet prolapse
due to annular destruction, or failure of coaptation because
of vegetation. Acute native valve aortic regurgitation is
a rapidly fatal condition resulting from the sudden loss of
valve competency [32]. The large volume of retrograde di-
astolic flow into a left ventricle without compensatory di-
lation results in an abrupt decrease in cardiac output and
increase in left ventricular end-diastolic pressure. This in
turn leads to elevated capillary wedge and pulmonary artery
pressures, resulting in symptoms of acute congestive heart
failure and persistent pulmonary edema [33]. In natural
valves, endocarditis can lead to leaflet perforation, leaflet
prolapse caused by annulus destruction, or failure of coap-
tation caused by vegetation. Acute autologous valve aortic
regurgitation is a rapidly fatal disease caused by sudden loss
of valve function. A large amount of retrograde diastolic
blood flow enters the left ventricle without compensatory
dilation, resulting in a sudden decrease in cardiac output and
an increase in left ventricular end diastolic pressure. This in
turn results in an increase in capillary wedge and pulmonary
artery pressure, leading to symptoms of acute heart failure
and persistent pulmonary edema. Myocardium damage and
pulmonary edema resulted from preoperative aortic regur-
gitation in infective endocarditis will take more time for the
heart and lung to recover [33]. However, the present study
primarily offers descriptive insights and does not support
mechanistic conclusions.

Strength and Limitations

The present research clarified risk factors and im-
pacts of ventilation dependency after cardiac operation for
infective endocarditis on short- and long-term outcomes.
The limitations of this study include its retrospective de-
sign. Due to the retrospective nature of the study and
our hospital’s role as a tertiary referral center, there may
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be selection bias. Preoperative respiratory assessments—
including acute lung edema, results of lung imaging, ar-
terial blood gas analysis, SpO- levels, or level of oxy-
gen supplementation—are notably absent from the present
study. Surgical procedure was improved during these fif-
teen years and the influence of surgical procedure should
be considered. In recent years, we have realized that the
destructive aortic annulus is related to early aortic valve
leakage, in-hospital and 1-year mortality. The main causes
of in-hospital mortality are early valve leakage and sepsis.
Early perivalvular leakage mainly occurs in patients with
aortic annulus destruction. Compared with aortic valve re-
placement, aortic root replacement achieves more compre-
hensive clearance of infected tissue and reconstruction of
cardiac morphology, thus reducing the rates of reinfection
and graft deterioration. Compared with aortic valve re-
placement, aortic root replacement has favorable postoper-
ative characteristics. Aortic root replacement surgery can
be suggested as the best practice choice for treating aortic
valve endocarditis with peri annular abscess and destruc-
tive aortic annulus. The inclusion of cases over a long pe-
riod of time may adversely affect the accuracy of the re-
sults. Careful studies, including prospective cohort studies,
are required, and programs aimed at reducing in-hospital
morbidity rate and mortality due to ventilation dependency
after cardiac operation are desired.

Conclusions

We found modifiable risk factors of ventilation depen-
dency after cardiac operation including interval from symp-
toms to operation, vegetation size, aortic occlusion length,
pump length, ICU retention length, serum creatinine be-
fore and 24 h after operation, preoperative and postoper-
ative LVEDD, preoperative aortic regurgitation and packed
red blood cells and optimization of pre-, peri-, and postop-
erative factors that can reduce incidence of ventilation de-
pendency, contributing to better short- and long-term out-
comes.
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