Tang et al. BMC Anesthesiology ~ (2024) 24:318 BMC Anesthesio|ogy
https://doi.org/10.1186/s12871-024-02710-7

Minimally invasive technique facilitates early
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center retrospective study
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Abstract

Background Postoperative time to extubation plays a role in prognosis after heart valve surgery; however, its exact
impact has not been clarified. This study compared the postoperative outcomes of minimally invasive surgery and
conventional sternotomy, focusing on early extubation and factors influencing prolonged mechanical ventilation.

Methods Data from 744 patients who underwent heart valve surgery at the Zhejiang Provincial People’s Hospital
between August 2019 and June 2022 were retrospectively analyzed. The outcomes in patients who underwent
conventional median sternotomy (MS) and minimally invasive (M) video-assisted thoracoscopic surgery were
compared using inverse probability of treatment weighting (IPTW) and Kaplan—-Meier curves. Clinical data, including
surgical data, postoperative cardiac function, postoperative complications, and intensive care monitoring data, were
analyzed.

Results After propensity score matching and IPTW, 196 cases of conventional MS were compared with 196 cases
of Ml video-assisted thoracoscopic surgery. Compared to patients in the conventional MS group, those in the Ml
video-assisted thoracoscopic surgery group in the matched cohort had a higher early postoperative extubation rate
(P<0.01), reduced incidence of postoperative pleural effusion (P <0.05), significantly shorter length of stay in the
intensive care unit (P<0.01), shorter overall length of hospital stay (P<0.01), and lower total cost of hospitalization
(P<0.01).

Conclusions Successful early tracheal extubation is important for the intensive care management of patients

after heart valve surgery. The advantages of Ml video-assisted thoracoscopic surgery over conventional MS include
significant reductions in the duration of use of mechanical ventilation support, reduced length of intensive care unit
stay, reduced total length of hospitalization, and a favorable patient recovery rate.
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Introduction

Current surgical approaches for heart valve surgery such
as conventional median sternotomy (MS), minimally
invasive (MI) surgical approaches, and transcatheter aor-
tic valve replacement, pose challenges to the postopera-
tive management of critically ill patients.

Conventional MS, a traditional surgical approach, has
several shortcomings, including unavoidable blood loss,
the need for blood transfusion, and a longer recovery
period [1]. To improve postoperative outcomes after car-
diac surgery, MI surgical approaches, including upper
and lower sternal incisions and left and right anterolat-
eral incisions, were developed [2, 3]. MI surgery has been
previously shown to be advantageous by preserving ster-
nal integrity, improving surgical site healing, decreasing
infection rates, and enhancing postoperative recovery
[4-7]. However, whether these advantages contribute to
the early extubation and postoperative management ben-
efits of these patients remains to be determined.

This study hypothesizes that MI surgery is more effec-
tive than MS in facilitating early extubation and optimiz-
ing postoperative management for patients. The analysis
was conducted using propensity score matching (PSM)
and inverse probability of treatment weighting (IPTW)
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during intensive care monitoring, while also analyzing
factors influencing prolonged mechanical ventilation.

Materials and methods

Institutional review board approval

This study was approved by the Institutional Review
Board and the Ethics Committee of the of Zhejiang Pro-
vincial People’s Hospital, which complies with the Decla-
ration of Helsinki (ethics approval number: QT2022383,
date: November 21, 2022). Individual consent for this ret-
rospective analysis was waived.

Patient characteristics

Data from patients who underwent mitral, tricuspid,
or aortic valve treatments at the Zhejiang Provincial
People’s Hospital were retrospectively collected and
analyzed. Valve treatments included valve replacement
and valvuloplasty. Patients undergoing coronary artery
bypass grafting or other concomitant procedures, such
as cardiac myxoma resection, transcatheter aortic valve
replacement, or right ventricular outflow tract recon-
struction, were excluded. Moreover, patients aged <18
years or those who underwent secondary cardiac surgery
were excluded (Fig. 1).
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Fig. 1 Flowchart demonstrating patient inclusion and cohort matching using PSM and IPTW. Patients with angioplasty, CABG, other concomitant pro-
cedures such as cardiac myxoma removal, or right ventricular outflow tract reconstruction are excluded. CABG, coronary artery bypass grafting; IPTW,

inverse probability of treatment weighting; PSM, propensity score matching
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The primary endpoint was successful extubation
within 48 h post-cardiac surgery, without the need for
mechanical ventilation assistance thereafter. The records
of patients who died or voluntarily left the hospital were
right-censored. The secondary endpoints were postoper-
ative complications during the intensive care monitoring
period (patients were selected for rapid tracheal extuba-
tion on initial admission or based on clinical presenta-
tion and test results within 48 h of extubation), including
postoperative pneumonia, arrhythmias, pleural effusions,
abnormal postoperative cardiac output, and stroke. Addi-
tionally, the length of hospital stay, length of ICU stay,
and cost of hospitalization were recorded.

Data analysis

Continuous variables conforming to the normal distri-
bution are presented as meanztstandard deviation, and
categorical variables as proportions. Kaplan—Meier sur-
vival curves were utilized for the analysis of time to extu-
bation, and log-rank tests were used to detect differences
between groups.

To control for confounding by indication and balance
potential confounders when comparing groups, we esti-
mated propensity scores (PS) using a logistic regression
model with conditional probabilities of extubation for
covariates measured at baseline. PS included variables,
such as age, type of valve surgery, Acute Physiology and
Chronic Health Evaluation II (APACHE II) score, New
York Heart Association (NYHA) classification, infec-
tive endocarditis, and cross-clamp time, which were
estimated separately based on the type of valve surgery.
We used the nearest neighbor method for 1:1 PS match-
ing with a maximum radius of 0.5 to balance poten-
tial confounders that may arise due to different surgical
approaches.

Conceptually, IPTW was mathematically considered
as standardized equivalents. The equilibrium properties
of IPTW can be determined by comparing the covari-
ate distributions of IPT'W before and after standardizing
differences (conditional probability of 1/PS for tracheal
extubation and 1/[1-PS] for mechanical ventilation).
Standardized differences of >10% were considered mean-
ingful. After matching, no differences were observed
between the two groups in terms of sex, age, height,
weight, body mass index, APACHE II score, infective
endocarditis, rheumatic heart disease, cardiomyopa-
thy, coronary artery disease, NYHA classification, type
of surgery, CPB time, and cross-clamp time (all P>0.05,
Table 1).

The two surgical modalities were compared in terms of
total drainage volume and overall blood product require-
ments. Patient preoperative and postoperative RBC
(Fig. 2) and WBC counts (Fig. 3) were compared using
intra- and intergroup tests. A matched cohort of patients
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was selected, and the total drainage volume from the
chest tubes of the patients, total amount of blood prod-
ucts, RBC count, and amount of plasma transfused were
recorded, and the mean and standard deviation were cal-
culated for each subgroup (Fig. 4).

Postoperative extubation time was further analyzed for
its association with various secondary outcome indica-
tor, including mortality, poor wound healing, arrhythmia,
pleural effusion, stroke, EF <50%, pneumonia, admission
in the ICU, and admission in the hospital. This analy-
sis utilized a restricted cubic spline based on matched
data, with the surgical approach serving as the covariate.
(Fig. 5). In addition, univariate and multivariate regres-
sion analyses were used to evaluate the factors influ-
encing secondary outcome indicators, and the optimal
model was selected according to the Akaike information
criterion, with results of P<0.05 (Fig. 6).

All statistical tests were two-sided; differences with
P<0.05 were considered statistically significant. R v. 4.1.0
(R Foundation for Statistical Computing; Vienna, Aus-
tria; https://www.rproject.org/) was used for statistical
analysis.

Results

Patient characteristics

Between August 1, 2019, and June 30, 2022, 957 patients
underwent cardiac surgery. The data of 744 patients
who underwent tricuspid valve surgery, mitral valve sur-
gery, or aortic valve treatment at the Zhejiang Provincial
People’s Hospital were analyzed. Overall, 326 (43.82%)
patients were male and 418 (56.18%) female, with a
median age of 62 years (interquartile range [IQR], 52-69
years). Overall, 232 patients (31.18%) underwent conven-
tional MS and 512 (68.82%) underwent MI thoracoscopic
procedures. The distribution of surgery type and NYHA
classification differed between the two groups (P<0.01).
Compared to the conventional MS group, in the MIs
group, cardiopulmonary bypass (CPB) time (161 [IQR:
125-203] min, P<0.0001) and cross-clamp time (106
[IQR: 81-146] min, P<0.0001) were shorter. Other vari-
ables, including coronary heart disease, rheumatic heart
disease, and APACHE II scores, were similar between the
two groups (Table 1).

In the unmatched cohort, the MI surgery group had
fewer instances of arrhythmias, pneumonia, pleural effu-
sion, and abnormal postoperative cardiac output, along
with a shorter duration of ICU stay. The incidence of
mortality was higher in the conventional MS group than
in the MI group (P<0.05). Notably, MI surgery was more
expensive than the conventional MS surgery (cost of MI
surgery: 19815.7 [IQR, 16,816.95-23,345.25] ¥ vs. cost of
conventional MS surgery: 18,454.15 [IQR, 14,586.175—
21,955.9] ¥, P<0.01); however, the total cost of MI sur-
gery was significantly lower than that of conventional


https://www.rproject.org/

Page 4 of 15

(2024) 24:318

Tang et al. BMC Anesthesiology

ssedAq A1euowndoip.ed ‘gd>) ‘dredas aajea pidsn
YA ‘AW010UID1S URIPAW ‘S| ‘DAISRAUL AJlewiulw ‘| ‘Buinybiam 1uswieau jo Aljiqeqoid asiaaul ‘A 1d| ‘Xapul ssew Apoq ‘|Ng ‘Juswade|dal 9A|BA D11I0E ‘YA

1°YAL ‘9oUBIayIp uesW pazipiepuels ‘NS ‘Buiydiew 2103s Aysuadoid ‘|NSd UOIIRIDOSSY 1IBIH YIOA MBN ‘VHAN ‘3uswade|dal aAjeA [esyiw

uolien|eA3 yijeaH diuoay) pue A6ojoisAyd a1ndy ‘| JHOVIY

(0001 51-000'68]

[000'8¢1-000'Z8]

79600 9¥E60 L9TSLL  [652651-1€9€8166760L  66¢50  L0000> 000201  [0ST'6/1-000'96] 0056€L ([4OI] uelpaw) dwiry duwepd ssoi)
[eric0c-2482€1] [05T+61-005671]

LLLO0  €6760 100891 [000°£1T-€£8'121]1 000591 €870 10000 > 000091 [0S£Z¥Z-0000t1] 000761 ([4OIl uelipaw) gd>
96000 §8760 (£581) 1802 6181) 0v'TL 800 /6050 (6£61) 8€ (ee9l) ¢ (%) aseasip 1eay Areuoiod
€EL00  CLT60 (L1e) 8711 (8870) 8L L L¥€0'0 L %00 ¥ (S5O S (%) AyredoAwolpied
50900 #7950 (QLol) e8¢ (S0Tl) L6'LY €00 €0/80 (ozol) oz (ziy e (%) 258351 1eay deWNayyY
6¢000 §8/60 (S6'2) LE0E (€08) ¥6'LE SZC0  ¥T¥00 oLrs) ol (cei) e (%) SNIPIEI0PUS AN

(9£2)856C (¥9'2) 00€ (592)S1 (592) Sl N [9A97]

(¥SS) 0080T (69°€5) S9€LT (80%5) 901 (T0'1S) 001 INEXE

(8160 LSELL (P80 LLELL (59T€) ¥9 (15'50) 05 IREAC
71800 12060 (€6'1) ¥T0€ (€20L)0L0F  +9¥€0 L6000 (19G) L1 (€8sl Le [ [9n37 (9) uoledyIsse|) YHAN
L0100 SZ660  [000'89-000CS] 000°€9 [00069-000€51 00009  8LEL'0  S/LT0  [000'89 —000°€S] 000°€9 [000'69-00075] 00065 ([4OI] uelpaw) 3oV

(ST€9) YT LT (S9'19) TE'SIT (€£'19) Lzl (91779 €Tl oew
LEEO0  1SSL0 (529€) 9L°0vL (5£'8€) 19TS1 L1200 L160 (LT8g) St (rrLe) €L Slews) (%) X3S
[/100 ¥€#60  [0000/-000°55] 00079 [0000/-000%S1 000€9  LZZl'0  S06€0  [000°0/-000'GS] 00079 [0007Z ~0S/ 5] 0ST'€9 ([4O1 uepaw) Wybam

[000°0£1-000'85 1] [000°0£1-000'85 1] [0000/1

7200  8%S80 000591 [000°0£1-000851] 000'59L L0£00 61470 000591 '~000'091] 000591 ([40I1] ueipaw) ybIsH
#8700 #1500  [000°/1-000'L 1] 985l [000/1-000L11000%L  +¥9€L'0 99590  [000/1-000LL] 00S¥L [000'81=-000"L L] 000 L ([YOI] uepaw) || FHIVAY
6V00 9¥680  [E¥0'ST-991'LT] 798'TT [££967-094°02] £€8CC  €6110  S¥SSO  [048%2-101'17] 8/8TC [€£6'ST~19£°07) €98°CT ([4OI] uelpaw) NG

OF1)91°sS (L9EL) SLPS (LTel) ot (tzen) o YAL+HHAW

(€101) 298¢ (86'8) L£'G€ ©18)9l L) 9l YAN

(€09 8l6l (909) €1°0C (ors)ol (OIS0l YAL+YAIN +HAY

(cTyl) STYS (16€1) ¥E'SS (8r€l) LT (8L¢1) L¢C YAW +YAY
86500 L7660 @Log)e6lyle (S7'85) 65°TET  L000'0> L (69%65) /11 (6965) L1 UAY (9) uonesado [ed1bing

(€6'L6€=U)
(b'L8g =u) A1abuns |y SIN [euonUaAUO) (961 =u) K136ans |y (961L=U) SW
aws d MLdI aws d Sd K10633e)

MLdI PUe WSd Ja1e solydeibowisp 1usiied L ajqer



Tang et al. BMC Anesthesiology (2024) 24:318

Page 5 of 15

o - .
e | L | I — |
ek il ek
1
| | e 6 -
&l
6+ —
s
[ (9] [
3 3 3
© 4 o ()
> > 4 E} > 4
T T T T T T T T T
MS_PTS  MS_P/O  MIs_PIS  Mis_P/O MS_PIS  MS_P/O  MIs_PIS  Mis_P/O MS_PTS  MS_P/O  MIs_PTS  MIs_P/O
ALL AVR AVR+MVR
15— | 7 L—| 7~ 5 |
L | 1 I —
- Hhk -
() P
* 6 6— o
1 L]
5
[ I (9} [}
3 I 3 3
o (L) (]
= I >4 [*] =
n $ | $
2 3 é
N
0 T T T T T T - T T T
MS_PTS MS_P/O MIs_PTS Mis_P/O MS_PTS MS_P/O Mls_PTS MIs_P/O MS_PTS MS_P/O Mis_PTS MiIs_P/O
MVR MVR+TVR AVR+MVR+TVR

Fig. 2 Changes of RBC count level before and after operation. Preoperative and postoperative RBC count levels are compared using violin diagrams and

differential analysis, and analysis was performed at different subgroup levels

MS surgery (MI surgery: 122,544.535 [IQR, 102,001.02—
147,933.02] ¥ vs. conventional MS surgery: 167,053.945
[IQR, 132,491.198-213,130.198] ¥, P<0.01) (Table 2).

PSM and IPTW

After PSM, the measured covariates, including sex, age,
height, weight, body mass index, APACHE II score,
infective endocarditis, rheumatic heart disease, cardio-
myopathy, coronary artery disease, NYHA classification,
type of surgery, CPB time, and cross-clamp time, were
well balanced between the MI surgery and conventional
MS groups(Table 1). The smallest standardized mean dif-
ference (<0.1) between the MI surgery and conventional
MS groups before and after IPTW. After IPTW, the two
groups had well-balanced covariates.

Figure 7 shows the Kaplan—Meier survival curves for
time to extubation in the MI surgery and conventional
MS group in the unmatched cohort (conventional MS
group: 20.34 h, 95% confidence interval [CI]: 17.72-31.18
vs. MI surgery group: 10.33 h, 95% CI: 9.37-11.61 h;
log-rank P<0.001), in the matched cohort after PSM
(conventional MS group: 17.39 h, 95% CI: 16.11-19.92

vs. MI surgery group: 9 h, 95% CI: 7.60-10.86; log-rank
P<0.001), and in the matched cohort after IPTW (con-
ventional MS group: 16.42 h, 95% CI: 15.70-18.18 vs.
MI surgery group: 10 h, 95% CI: 8.21-12.04; log-rank
P<0.001). In all three cohorts, postoperative extubation
times were significantly shorter in the MIs group than in
the conventional MS group. In addition, in the matched
cohort, the patients in the conventional MS group had a
higher incidence of postoperative cardiac output abnor-
malities (PSM: 28% [4.29] vs. 14% [7.14], P=0.0338)
and pleural effusion (PSM: 137 [69.90] vs. 114 [58.16],
P=0.0206). No significant difference in the incidence of
other postoperative complications was observed between
the MI surgery and conventional MS groups.
Postoperative complications and secondary outcomes
are presented in Tables 2 and 3. The most common major
complication in both groups was pleural effusion (#=439,
59.01%). In the unmatched cohort (Table 2), compared to
that observed in the conventional MS group, in the MI
surgery group, a shorter overall length of hospital stay
(MS: 18 days [IQR: 15-24 days] vs. MIL: 15 days [IQR:
12-18 day], P<0.0001) and duration of intensive care
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Fig. 3 Changes of WBC count level before and after operation. Preoperative and postoperative WBC count levels are compared using violin diagrams and

differential analysis, and analysis performed at different subgroup levels

unit (ICU) stay (MS: 3 days [IQR: 2—-6.25 days] vs. MI: 2
days [IQR: 1-3 days], P<0.0001) were observed. These
results remained consistent after matching using PSM
and IPTW (Table 3).

Examining the association between each complica-
tion and prolonged mechanical ventilation support
therapy (Fig. 5) showed that prolonged mechanical ven-
tilation was associated with the development of post-
operative complications. Furthermore, patients with
successful extubation within 15 h had a lower overall
rate of these complications than those who required pro-
longed mechanical ventilation support therapy. A strong
positive correlation was observed between the occur-
rence of postoperative complications and prolonged
mechanical ventilation because reliance on mechanical
ventilation requires enhanced postoperative intensive
care management and attention to the development of
common complications. Similarly, patients who were
successfully extubated within 15 h had reduced duration
of ICU and hospital stay.

Using odds ratios (ORs), factors influencing the
development of each complication (Fig. 6) were further

analyzed, specific models designed, and predictive accu-
racies measured (Supplementary Table 1). MI surgery
had a protective advantage against the adjusted postop-
erative development of abnormal cardiac output (OR:
0.5742 [0.5361-0.6149], P=0.035), stroke (OR: 0.3665
[0.3422-0.3926, P=0.035), and pleural effusion (OR:
0.6902 [0.6675-0.7137], P=0.0171), but contributed to
the probability of developing pneumonia during the post-
operative period (OR: 5.971 [5.8601-6.0839], P=0.0096).

Overall management during intensive care

This study examined postoperative management in heart
valve surgery patients in intensive care, focusing on pre-
and postoperative circulation data. Analysis centered
on changes in white blood cell (WBC) and red blood
cell (RBC) counts, comparing intra- and intergroup dif-
ferences. Results indicated no significant variance in
WBC counts post-surgery, consistent across subgroups.
Despite potential bias in estimating intraoperative bleed-
ing, changes in RBC count demonstrated that there was
no significant difference in intraoperative blood loss
between the two groups. Excluding unmatched aortic
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Fig. 4 The violin diagram and bar line chart respectively counted the drainage fromthe chest tube and the amount of postoperative blood products
during the ICU. The violin chart shows the overall distribution of data, and the bar chart shows the statistical distribution of data. ICU, intensive care unit

valve replacement cases, no differences were found in
endpoints among remaining surgical procedures. This
suggests consistent surgical outcomes, emphasizing the
importance of both WBC and RBC counts in postopera-
tive assessment.

Postoperative ICU chest tube drainage was counted
and represented using violin plots (Fig. 4). According to
the subgroup and overall analysis results, there was less
total volume of drainage during the ICU monitoring
period in the MI surgery group than in the conventional
MS group. Similarly, there was a good consistency with
postoperative blood product transfusion, with the MI
surgery group having a lower total requirement for blood
products, lower RBC counts, and fewer plasma units
used during the ICU monitoring period than the MS sur-

gery group.

Discussion

This study performed a retrospective analysis of patients
who underwent heart valve surgery and were transferred
to the ICU. The included data were derived from raw
data collected from different information systems. PSM
and IPTW were used to minimize the effects of bias
and confounders. The study primarily focused on early
extubation, with the aim of investigating differences in
postoperative outcomes after MI and conventional MS
surgeries to improve patient healthcare management
during intensive care.

First, the decision regarding the timing of extubation
is entirely within the autonomy of the physicians in the
ICU. Our study found that the median time to postop-
erative extubation in the MI group was 10.33 h (95% CI:
9.37-11.61), which was significantly shorter than the
20.34 h (95% CI: 17.72-31.18) observed in the conven-
tional MS group. The results were consistent between
the unmatched and PSM- and IPTW-matched cohorts,
indicating a robust result. This is consistent with previous
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Fig. 5 The influence of postoperative extubation time is further analyzed by visually assessing the association between the different secondary outcome
indicators and extubation time using a restricted cubic spline based on the matched data, Influencing factors include: (A) Dead; (B) Poor wound healing;
(C) Arrhythmia; (D) Pleural effusion; (E) Stroke; (F) EF < 50%; (G) Pneumonia; (H) Admission in the ICU; (I) Admission in the hospital, with the covariate being

the surgical approach

reports suggesting that MI procedures facilitate early
extubation [8-11].

Early extubation prevents the adverse effects associated
with prolonged positive pressure ventilation in patients
undergoing cardiac surgery, reduces postoperative com-
plications (such as ventilator-associated pneumonia and
diaphragmatic atrophy), shortens the duration of ICU
stay and total length of hospitalization, and decreases
healthcare costs without increasing mortality [12-17].
This study showed that prolonged duration of mechani-
cal ventilation was positively correlated with postopera-
tive complications that include mortality, poor wound
healing, arrhythmia, pleural effusion, stroke, EF <50%,
and pneumonia. Further analysis of matched data using
restricted cubic spline showed that extubation within
15 h is a watershed for all complications.

The Society of Thoracic Surgeons’ recommendation to
extubate within 6 h has been accepted in clinical practice
[18, 19]. This discrepancy may stem from several related

factors. First, the selection of the observation sample
was biased, and the study was limited to adult patients
who underwent valve surgery. Second, currently avail-
able studies do not define early extubation period clearly,
which ranges from 1 to 12 h postoperatively. Thus, the
optimal timing for safe extubation remains unclear [13,
15, 20, 21]. Early extubation is a key factor for rapid
recovery and fast-track processes after cardiac surgery in
recent years. However, the 6-h time point was questioned
in a study that included 3007 patients undergoing car-
diac surgery that were categorized into four groups based
on the time of extubation: 0-6 h, 6-9 h, 9-12 h, and
12-18 h. The risk of mortality and postoperative compli-
cations was increased considerably among patients extu-
bated within 12—18 h postoperatively compared to that
among patients extubated within 12 h postoperatively,
whereas no difference was observed among patients
extubated within 6-9 h and 0-6 h. Based on the results
of our study, it was impossible to confirm the advantage
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Transfer Time 1.0050 0.9968—1.0132 |. 0.0042
P.O_leukocyte count 1.0769 1.0373—-1.1181 : - 0.0191
P.O_hemoglobin 0.9794 0.9704-0.9885 lI 0.0047
I
BNP 1.0011 1.0011-1.0011 f 0.0000

0.3665
1.0052

0.3422-0.3926 =

: 0.0350
0.9974-1.013 &

0.0039

Thoracoscope

TIME

0.6902
1.1736

0.6675—-0.7137 =
1.1086—1.2424

0.0171
0.0291

Thoracoscope
¢TNI

Thoracoscope 59710  5.8601-6.0839 : 0.0096

Transfer Time 1.0246  1.0246-1.0246 - 0.0000

Blocking Time ~ 0.9832  0.9575-1.0095 l: 0.0135

TIME 1.0079  1.0067—1.0091 . 0.0006

Volume_of drainage 1.0006  1.0006—1.0006 ¥ 0.0000
High.sensitivity.C.reactive.protein 1.0186  1.0128-1.0245 :I 0.0029

Transfer Time 1.0196  1.0196-1.0196 - 0.0000

Volume of drainage 1.0004  0.9965—-1.0043 + 0.0020

High.sensitivity.C.reactive.protein 1.0260 1.0259-1.026 - 0.0000
0 I5 1).8 i 1 .2I

Fig. 6 univariate and multivariate regression analyses are used to evaluate the factors influencing secondary outcome indicators, and the optimal model
was selected according to the Akaike information criterion, with results of P<0.05

of extubation within 6 h postoperatively; however, it can
be established that failure to extubate within 12 h postop-
eratively is associated with mortality, increased incidence
of postoperative complications, and prolonged hospital-
ization [22]. In contrast, our study found that unsuccess-
ful extubation within 15 h postoperatively was associated
with an increased rate of postoperative complications
and a longer ICU and total hospital stay, with a time

threshold consistent with the 12-18 h extubation time in
the previous report.

We did not evaluate the risk factors for unsuccessful
early extubation in our study. Age, obesity (body mass
index>28 kg/m2), EF<50%, history of cardiac surgery,
type of surgery, emergency surgery, CPB time, duration
of operation, use of intra-aortic balloon pump, and esti-
mated glomerular filtration rate<60 mL/min/1.73 m2
have been identified as potential risk factors for delayed
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Fig. 7 Kaplan—-Meier curves of Ml surgery and MS in the unmatched cohort (A), the matched cohort PSM (B), and the matched cohort after IPTW (C).
Postoperative offline extubation time in the Ml surgery group is significantly shorter than that in MS group in all three cohorts. MI, minimally invasive; MS,
median sternotomy; IPTW, inverse probability of treatment weighting; PSM, propensity score matching

extubation [23]. As mentioned earlier, early extubation
may be beneficial for reducing postoperative complica-
tions. Our study found that prolonged CPB and surgery
were equally important risk factors for postoperative
complications, such as pneumonia, postoperative cardiac
output abnormalities, cardiac arrhythmias, and all-cause
mortality (Fig. 5; Table 3). A shorter duration of CPB
reduces the release of inflammatory cytokines and lowers
the incidence of complications such as hepatic and renal
insufficiency, pulmonary infections, and ventilator-asso-
ciated pneumonia. This, in turn, significantly shortens
ICU and hospital stays, speeds up patient recovery, and
ultimately reduces hospitalization costs [9]. No consen-
sus exists on safe CPB time or overall duration of cardiac
surgery. This shows that early extubation, postoperative
complications, CPB time, and duration of the operation
are inter-related. However, specific time thresholds and
types of associated complications require further inves-
tigation. We found that MI procedures had a protective
advantage over the adjusted postoperative incidence of
abnormal cardiac output, stroke, and pleural effusion.
The reasons for these clinical outcomes are unclear. In
contrast to the results of other studies [24, 25], the CPB
time and surgical duration were longer in the MS group

than in the MIs group in our study. These differences
may be associated with the inherent heterogeneity of
the patients (complexity of the procedure), assumed dif-
ficulty of converting an MI procedure to a conventional
MS procedure, and varying degrees of proficiency of sur-
geons during the procedure as MI surgery evolves.

Our study demonstrated that all relevant indicators for
evaluating postoperative bleeding (including the total
amount of blood products transfused, need for RBCs,
and total amount of drainage from the chest tubes)
among patients in the ICU following heart valve surgery
were lower in the MI group than in the conventional MS
group, which is consistent with other studies. These dif-
ferences may be explained by the fact that MI surgery
is less invasive, with less postoperative hemorrhage and
a correspondingly low requirement for postoperative
blood products [9]. Second, the differences may be due to
the shorter duration of surgery and CPB [10]. CPB affects
thrombin formation, platelet count, and functional
abnormalities, causing coagulopathies and increasing the
risk of intraoperative and/or postoperative hemorrhage
[26].

Although a large body of literature supports early extu-
bation after cardiac surgery and illustrates its benefits
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[12-17], early extubation is not suitable for every patient.
Reintubation after extubation is an uncommon postop-
erative complication associated with worsened outcomes
[19]. It is unclear whether early extubation is associated
with an increased risk of reintubation. In the raw data, the
reintubation rate was 0.59% in the MIs group and 3.02%
in the conventional MS group. The occurrence of adverse
events after early extubation greatly affects the patient’s
postoperative recovery and increases the difficulty of
intensive care management. Therefore, early extubation
should only be considered after adequately assessing the
patient’s condition and associated risk factors.

This study had some limitations. First, this was a single-
center, retrospective study. Patients were not randomly
assigned to the MI surgery or conventional MS groups,
and the surgical approach was determined by the sur-
geon. There was no collection of surgical pathways in
this trial, and the estimation of blood loss was ambigu-
ous. Second, even though PSM and IPTW were used to
balance some of the preoperative characteristics of the
patients in the two groups, inherent selection bias could
not be completely eliminated. Many post-cardiac sur-
gery variables have been studied; however, such studies
have been limited owing to different inclusion criteria or
single small-sample studies. Multi-center, prospective,
randomized controlled trials with adequate sample sizes
are needed to confirm our results. In addition, the time
to extubation is influenced by many factors, such as the
use of analgesic medications and baseline lung function.
This study did not collect data on these factors for fur-
ther statistical analysis. Finally, the study did not collect
data on the conversion of MI surgery to conventional MS
surgery to assess the safety of MI surgery. However, sub-
group analyses of different procedures and cardiac func-
tion classifications may produce different results.

Conclusion

Successful early tracheal extubation is important in the
intensive care management of patients after heart valve
surgery. The advantages of MI surgery over conventional
MS include a substantial reduction in the duration of
mechanical ventilation support, length of ICU stay, and
total length of hospitalization, as well as a favorable prog-
nostic recovery.

Abbreviations

APACHE Il Acute Physiology and Chronic Health Evaluation Il
cl Confidence interval

CPB Cardiopulmonary bypass

ICU Intensive care unit

IPTW Inverse probability of treatment weighting

IQR Interquartile range

Ml Minimally invasive

MS Median sternotomy

NYHA New York Heart Association

PS Propensity score

PSM Propensity score matching
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