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ARTICLE INFO ABSTRACT
Keywords: Anesthesia management of Totally thoracoscopic cardiac surgery (TTCS) has been the subject of
Totally thoracoscopic cardiac surgery much debate and discussion. In this single center retrospective study, we summarize the expe-

Anesthesia management
Perioperative complications
Length of stay

rience of clinical anesthesia management for TTCS by review the medical records of our medical
center and look forward to its future development. In this retrospective study, 103 patients (49
male and 54 female) were enrolled, the mean age was 56.7 + 14.4 years old. The participants
underwent Mitral Valve Replacement (MVR) + Tricuspid Valve Annuloplasty (TVA) (42, 40.8%),
Mitral Valve Annuloplasty (MVA) + TVA (38, 36.9%), MVA (21, 20.4%), and MVR (2, 1.9%) ,
respectively. Intraoperative hypoxemia, radiographic pulmonary infiltrates, and pneumonia were
observed in 19 (18.4%), 84 (81.6%), and 13 (12.6%) patients, respectively. The LOS of ICU and
POD were as follows: MVR + TVA (55.1 + 25h, 9.9 + 3.5 d), MVA + TVA (56.5 + 28.4h, 9.4 +
4.2d), MVA (37.9 £+ 21.9h, 8.1 + 2.3d) and MVR (48 + 4.2h, 7.5 £ 2.1d). No reintubation,
reoperations, postoperative cognitive dysfunction, 30-day mortality were observed in the present
study. The present study demonstrated that applying this anesthesia management for TTCS
associated with acceptable morbidity, intensive care unit and postoperative hospital lengths of
stay. The finding from the present study might provide some new approach for Anesthesia
management of TTCS.

1. Introduction

In recent years, totally thoracoscopic cardiac surgery (TTCS) has been used for coronary artery bypass grafting, resection of cardiac
myxoma [1], valve replacement [2], atrial septal defect (ASD) and ventricular septal defect (VSD) closure [3,4] (Fig. 1). Studies have
found that TTCS has significant advantages over full classical sternotomy in terms of small surgical trauma, shorter patient stay, shorter
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Fig. 1. Totally thoracoscopic mitral Valve Annuloplasty procedure. MA, Mitral annulus; PM, Papillary muscles.

Table 1
Baseline characteristics and demographics of patients underwent totally
thoracoscopic Cardiac Surgery.

Variables TTCS (n = 103)
Age (years) 56.7 + 14.4
Gender

Male 49 (47.6%)

Female 54 (52.4%)
Smock 12 (11.7%)
Drink 3 (2.9%)
NYHA class

/1 68 (66.0%)

/v 35 (34.0%)
Pulmonary hypertension 29 (28.2%)
Coronary artery heart disease 13 (12.6%)
Hypertension 15 (14.7%)
Atrial fibrillation 32 (31.1%)
Diabetes mellitus 8 (7.8%)
Chronic kidney disease 2 (1.9%)
Heart failure 3 (2.9%)
COPD 1 (0.9%)
Cerebral Infarction 6 (5.8%)
Asthma 1 (0.9%)
Previous pneumonia 7 (6.8%)

Continuous data are reported as mean (SD); categorical data are pre-
sented as number (%).NYHA , New York Heart Association; COPD ,
chronic obstructive pulmonary disease.

recovery duration, less acute and chronic pain, improved scar cosmetic outcomes, faster return to normal activities without
compromising the safety of the surgery [5], and improved hospital bed turnover [4]. The emergence and development of TTCS has
greatly promoted the progress of cardiac surgery and is considered a major technological milestone in cardiac surgery. At the same
time, anesthesia management in TTCS is becoming increasingly delicate and complex, posing new challenges to anesthesiologists. In
this article, we summarize the experience of clinical anesthesia management for TTCS by reviewing the medical records of our medical
center from 2020 to 2022.

2. Results

During the study period, 103 patients underwent elective TTCS, all of whom underwent elective surgery; the baseline charac-
teristics and demographics are shown in Table 1. The mean age was 56.7 + 14.4 years old and 49 (47.6%) patients were male. Notably,
according to the New York Heart Association (NYHA) grade, 68 (66%) patients belonged to class I or II. The three most common
concomitant disorders were atrial fibrillation 32 (31.1%), pulmonary hypertension (29, 28.2%), and hypertension 15 (14.7%).

The 4 procedures performed in the enrolled patients were Mitral Valve Replacement (MVR) + Tricuspid Valve Annuloplasty (TVA)
(42,40.8%), Mitral Valve Annuloplasty (MVA) + TVA (38, 36.9%), MVA (21, 20.4%), and MVR (2, 1.9%). Outcomes related to surgery,
such as surgical time, CPB and aortic cross-clamping time, ventilatory support time, and LOS in the ICU and POD are presented in
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Table 2

In-hospital outcomes of totally thoracoscopic Cardiac Surgery.
Variables MVR (n = 2) MVA (n =21) MVR + TVA (n = 42) MVA + TVA (n = 38)
Surgery time (min) 241.5 £ 23.3 216.8 + 48.0 266.9 + 63.5 260.5 £ 61.1
CPB time (min) 150.5 + 20.5 132.9 + 27.4 152.9 + 31.2 157.1 + 34.5
Cross-clamp time (min) 90 + 18.4 72.6 + 18.0 90 + 25.7 88 + 25.7
Ventilatory support (hours) 11.5+ 8.5 109 + 85 12+ 7.3 15.2 + 6.7
LOS in ICU (hours) 48 + 4.2 379 +219 55.1 £ 25 56.5 + 28.4
LOS on POD (days) 7.5+21 8.1+23 99 +3.5 9.4+ 4.2

Continuous data are reported as mean (+SD); categorical data are presented as number (%).MVR, Mitral Valve Replacement; MVA, Mitral Valve
Annuloplasty; TVA, Tricuspid Valve Annuloplasty; CPB, Cardiopulmonary bypass; LOS, length of stay; POD, postoperative day.

Table 3
Perioperative complications of totally thoracoscopic Cardiac Surgery.

Variables TTCS (n = 103)

Intraoperative complications
Hypoxemia 19 (18.4%)
rSO2 decreasing 103 (100%)

Postoperative complications
Hypoxemia 3 (2.9%)
Bilateral lung infiltrates 38 (36.9%)
Right lung infiltrates 43 (41.7%)
Left lung infiltrates 3 (2.91%)
Pneumonia 13 (12.6%)
Postoperative pain 13 (12.6%)
Incision infection 3 (2.91%)
Postoperative cognitive dysfunction 0 (0%)
Reintubation 0 (0%)
Reoperation 0 (0%)
30-day mortality 0 (0%)
Chronic pain 0 (0%)

Consumption of Morphine (mg)
The first day after TTCS 23.6 + 8.7
The first 3day after TTCS 40.5 + 5.6

Categorical data are presented as number (%).TTCS , totally thoracoscopic
Cardiac Surgery; rSO2 , regional cerebral oxygen saturation.

Table 2.

Perioperative complications are presented in Table 3. Documented intraoperative hypoxemia occurred in 19 (18.4%) patients and
was corrected immediately after manual hyperinflation and “1.5-lung ventilation”. 13 patients complained of postoperative pain and
received rescue morphine (23.6 + 8.7 mg for the first days after TTCS, and 40.5 + 5.6 mg for the first 3 days after TTCS). It is worth
noting that although only 13 (12.6%) patients developed pneumonia, postoperative CXR showed that 84 (81.6%) patients had some
degree of radiographic pulmonary infiltrates, among which, bilateral lung, right lung, and left lung infiltrates accounted for 38
(36.9%), 43 (41.7%), and 3 (2.91%), respectively. No reintubation, reoperations, postoperative cognitive dysfunction, 30-day mor-
tality, or chronic pain were observed in the present study.

3. Discussion

Since the introduction of minimally invasive cardiac surgery (MICS) in 1990s [6,7], as a main MICS procedure, TTCS has become
the current trend in cardiac surgery [8,9]. In our center, TTCS has been used for MVR/MVA, TVR/TVA, resection of atrial myxoma,
repair of atrial septal or ventricular septal defects, and radiofrequency ablation of atrial fibrillation. In this retrospective study, we
summarized the TTCS anesthesia management experience and provided some novel findings by reviewing TTCS cases at our center
over the past 22 months.

Respiratory management is the key point of TTCS anesthesia, affected by combined respiratory disease, OLV, and CPB, and patients
have a high risk of perioperative hypoxemia and hypercapnia [10-13]. Therefore, we took a series of measures to prevent and correct
perioperative hypoxemia and hypercapnia, including pre-operative respiratory muscle endurance training (RMET) [14-17],
pre-operative intramuscular injection of Penehyclidine Hydrochlorideby [18], sufficient sputum suction. In this study, when patients
developed hypoxemia, we also innovatively used “1.5-lung ventilation” in addition to manual hyperinflation, but this should be done
after full communication with the cardiac surgeon, as this procedure may affect the surgical field to some extent. The results showed
that intraoperative hypoxemia was rapidly corrected in our patients after the above procedures, and only one patient developed
transient hypoxemia after extubation.

Recent studies have shown that TTCS may cause a significant decrease in regional cerebral oxygen saturation (rSO2) [19], and this
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decline is associated with cognitive dysfunction [20], cerebral tissue hypoxemia, and higher mortality [21]. In our center, rSO5 was
routinely monitored during TTCS, consistent with other current studies [19,22] We also found that the patient’s rSO; decreased
significantly during surgery, but none of the patients developed POCD or other new brain complications. Although studies have shown
that the decrease in rSO; seems to be more closely related to CPB and surgical procedures [22], whether it is related to OLV warrants
further study.

OLV is an iatrogenic risk factor for developing perioperative acute lung injury (ALI) and acute respiratory distress syndrome
(ARDS) [23]. ARDS was reported in 7.9% of patients after pneumonectomy and 2.9% after lobectomy, with mortality rates of 50% and
42% [24]. For the early detection of postoperative pulmonary complications, CXR was routinely performed in our center, despite little
evidence to support this practice. The results showed that 81.6% of patients had some degree of radiographic pulmonary infiltrates;
most interestingly, it seems that the isolated lungs had a higher risk of radiographic pulmonary infiltrates than the ventilated lung,
which deserves further study.

Because of incisions, sternotomy, intercostal nerve damage, chest retraction, vein graft harvesting, operative position, invasion of
chest tubes, endotracheal tube, etc. [25], cardiac surgery is associated with significant post-operative pain. Poorly controlled PP has
been shown to increase the risk of pulmonary, cardiovascular, and endocrine complications, long LOS, and chronic pain [26]. Beyond
suffering, pain affects post-operative rehabilitation, resulting in functional disability that prevents return to normal work and life [27].
Considering that high-dose opioid therapy is associated with prolonged intubation and ventilator-associated pneumonia, which may
lead to a longer ICU stay and higher mortality [28], we adopted a multimodal analgesia strategy with SAPB as the main intervention.
Several high-quality randomized controlled trials have found that SAPB allows better pain management and reduces the use of rescue
analgesia [29,30]. In this study, we reviewed patients’ VAS scores and consumption of rescue morphine on the first and third day after
surgery, respectively, the results showed that there were 13 patients complained of moderate pain (VAS:4-6) and received rescue
morphine. Telephone follow-up results showed that none of the returning patients in this study reported chronic pain.

Since the introduction of fast-track cardiac anesthesia (FTCA) in the 1990s [31], it has been controversial whether FTCS really
benefits patients. Some studies believe that taking FTCS results in a decreased postoperative ventilation time and a reduced use of costs
and resources [32,33], but others suggest that FTCS does not reduce the length of ICU stay [33] and that the FTCS protocol may pose
challenges for post-operative respiratory status and pain management [34]. In our center, we did not deliberately adopt FTCS stra-
tegies; therefore, the postoperative ventilation time was longer than that of FTCS.

TTCS is a complex medical technology with a longer learning curve [35], both surgeons and anesthesiologists have some influence
on the surgical procedure and outcome, which may have affected the results. To exclude this bias, all participants in this retrospective
study were from the same surgical and anesthesia team. The results showed that although the CPB and cross-clamp times were
relatively longer, the LOS in the ICU and POD were significantly shorter compared to the data from another study [9].

The present study has some limitations. First, this is a single-center study involving only a small group of patients, and long-term
post-operative safety and efficacy require multicenter studies with large sample sizes and longer studies. Second, in this study, the age
range of our included patients was 18-75 years old, with an average age of 56.7 + 14.4. The patients were relatively young, further
research is needed in older or younger patients. Finally, this Retrospective study lacked a control group to compare the perioperative
outcomes.

4. Conclusions

In conclusion, the present study demonstrated that applying this anesthesia management for TTCS was feasible, and associated with
low incidence of perioperative complications and acceptable intensive care unit and postoperative hospital lengths of stay. The finding
from the present study might provide some new approach for Anesthesia management of TTCS.
5. Materials and methods
5.1. Design and setting

In the present retrospective study, we collected data from patients who underwent elective TTCS during 22-month period from
January 2021 to October 2022 at The First Affiliated Hospital of Jinan University. All operations were performed or supervised by the
same one surgeon and one anesthesiologist. Ethical approval for this study (JNUKY-2021-045) was provided by IRB of Jinan Uni-
versity, CHINA on December 13, 2021. Because this was a retrospective study, informed consent was not obtained from participants.
5.2. Inclusion and exclusion criteria

In this study, both of the following 2 selection criteria must be met: (1) patient underwent elective valve surgery via totally
thoracoscopic, and (2) patient older than 18 years and younger than 75 years old. Exclusion criteria are any one of the following: (1)
history of lung disease, right-sided chest operation; (2) ejection fraction <30%, hypertension >180 mmHg; (3) pulmonary arterial
systolic pressure of 60 mmHg or greater; (4)patients who are lost to follow-up.

5.3. Statistical analysis

SPSS version 20.0 software was used for statistical analysis. Continuous variables are presented as mean + SD, whereas categorical
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Fig. 2. Schematic representation of the operating room layout for totally thoracoscopic Cardiac Surgery. AN, Anesthesiologist; SU, Surgeon; SN,
Scrub nurse; Al, A2, 1st and 2nd assistant; PE, Perfusionist; MIP, Multichannel infusion pump; TEE, Transesophageal echocardiography; DFA,
display for 1st assistant.

variables are presented as absolute numbers, percentages of total, or both.

6.

Anesthesia management

6.1. Pre-operative management

Pre-anesthesia assessment: Similar to classical full sternotomy cardiac surgery, our pre-anesthesia evaluation also focused on
assessing left and right ventricular function through disease history and preoperative examination. However, TTCS requires one-
lung ventilation (OLV) before and after Cardiopulmonary bypass (CPB), during which hypoxemia is prone to occur; therefore,
pulmonary function tests related to respiratory function were routinely performed in all patients before surgery.

Extensive pre-operative counseling: Before the operation, extensive counseling and education were provided to all the participants
on anesthesia techniques, possible clinical outcomes, potential complications, and postoperative self-care measures. We encour-
aged patients to quit smoking and alcohol consumption 2 weeks before surgery (at least one week, except for emergency surgery).
pre-operative respiratory muscle endurance training (RMET): Patients undergoing cardiac surgery are at risk of pulmonary com-
plications, which leads to increased intra- and post-operative morbidity and mortality. Because of CPB [36] and OLV [37], patients
who undergo TTCS are more likely to develop perioperative pulmonary complications. Currently, studies have shown that
pre-operative respiratory training can reduce pulmonary complications and shorten the LOS for POD [14,16,17]. All patients at our
heart center underwent evaluation of maximum inspiratory pressure (MIP) via an analog manometer and initiated inspiratory
muscle training with a pressure linear load device (Threshold® Respironics® IMT), with 40% of the MIP, performing 3 sets with 10
repetitions, this training was performed twice a day until the day before TTCS.

Specialized pre-anesthetic medication: Specialized pre-anesthetic medication for TTCS increases patient satisfaction and may also
provide numerous safety benefits. At our center, calcium channel blockers, p-blockers, digitalis, angiotension converting enzyme
inhibitor (ACEI), and antiarrhythmic drugs that patients are taking before surgery continue to be used until the day of surgery. All
patients received morphine (0.1 mg kg’l, IM) to sedate the patient and relieve the burden on the heart, and Penehyclidine
Hydrochlorideby (0.5-1 mg, IM) to improve perioperative oxygenation index and reduce lung ischemia-reperfusion injury.

6.2. Intra-operative management

Layout of TTCS operating room (OR): The OR design and surgical department layout have an essential impact on the surgical team’s
collaboration and communication, intraoperative processes, and overall efficiency of the surgical procedures [38]. Considering that
the TTCS requires more equipment and tables, we had specially replanned the OR layout, as shown in Fig. 2.

Intraoperative monitoring: All patients were monitored using continuous five-lead ECG and peripheral saturation. The invasive
arterial blood pressure (IBP), central venous pressure (CVP), bispectral index (BIS), and regional cerebral oxygen saturation (rSO2)
were obtained every minute. Real-time transesophageal echocardiography (TEE) was routinely performed to reduce cardiovascular
complications (Fig. 3). We did not routinely monitor pulmonary artery pressure unless there was a clear indication.
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Fig. 4. Fibreoptic bronchoscopy guided left-double lumen endotracheal intubation.

Left-double lumen endotracheal intubation: During TTCS, airway management is generally achieved with lung isolation using left-
double lumen endotracheal intubation or single-lumen tubes with bronchial blockers [39,40]. At our center, all patients underwent
video laryngoscopy and fiberoptic bronchoscopy guided left double-lumen endotracheal intubation to obtain adequate exposure
and visualization during TTCS (Fig. 4). The left double lumen endotracheal tube was replaced with a single lumen and safely
transferred to the ICU with a transport ventilator as soon as TTCS was completed.

e Ultrasound-guided serratus anterior plane block (SAPB): A linear ultrasound (US) probe (13-16 MHz) was placed over the mid-
clavicular region of the thoracic cage in a sagittal plane to identify the fifth rib, latissimus dorsi, and major and serratus anterior
muscles [41]. Once the serratus anterior plane was confirmed, the block was performed with a 70 mm long, 20 gauge, short bevel
needle, and 30 ml of 0.33% ropivacaine was injected after negative aspiration of blood (Fig. 5). In-plane technology was used for all
patients.
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Fig. 5. Ultrasound guided Serratus anterior block procedure.

Fig. 6. When intraoperative persistent hypoxemia occurs, 1/2 of the right bronchial tube was clamped with Vascular Clamps.

e Protective lung ventilation: To reduce the incidence of perioperative pulmonary complications and improve overall clinical out-
comes in TTCS, we used a lung-protective ventilation strategy with a tidal volume (Vt) of 3-3.5 ml kg~ and post end-expiratory
pressure (PEEP) levels of 4-6 cmH30 during single-lung ventilation; if persistent hypoxemia (PaO2<60 mmHg or SpO2<90%), we
can perform bilateral lung ventilation after clamping part of the right tube, which can effectively improve the patient’s oxygenation
without affecting the surgeon’s surgical field, which we called it “1.5 lung ventilation”, as shown in Fig. 6.

6.3. Post-operative management

e Post-operative pain management: Abundant data have suggested that inadequate postoperative pain control increases morbidity
and mortality, and a significant proportion of patients who report severe acute pain will end up suffering from chronic postsurgical
pain [27,42]. Despite the small incision in TTCS, postoperative pain management remains very important. In our center, we took a
multimodal analgesia strategy that included SAPB and supplemental morphine. Ultrasound-guided SAPB was performed with 30
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ml of 0.33% ropivacaine before surgery. The visual analog pain score (VAS) was performed immediately after the patient recovery
from anesthesia, and 10 mg of morphine was given when the VAS score was greater than 4, the total consumption per day does not
exceed 40 mg.

e Post-operative chest X-ray (CXR): Although efforts and suggestions have been made to reduce the number of post-operative CXR

[43], for early detection of postoperative pulmonary complications, all patients in our center received CXR on the first and third day

after TTCS, respectively. Antibiotics should be given early if the CXR indicates pneumonia.
e Postoperative follow-up: Patients were telephone followed-up on day 25-30 after TTCS. Numeric rating scales (NRS) was adopted
to assess whether patients had chronic pain.

6.4.

Data collection

All data on demographic details, type of surgery, surgery time, cardiopulmonary bypass (CPB) time, cross-clamp time, intra- and
post-operative complications, length of stay (LOS) in the ICU, and LOS on postoperative day (POD) were extracted retrospectively from

the

medical records.
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