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Abstract

Background To summarize the anesthesia management experience for pediatric day-case patent ductus arteriosus
(PDA) ligation under robot-assisted thoracoscopy and explore the key points of anesthesia management for this
procedure.,

Methods The clinical data of 72 pediatric patients who underwent robot-assisted thoracoscopic day-case PDA
ligation at the Children’s Hospital, Zhejiang University School of Medicine from April 2021 to February 2023 were
retrospectively analyzed. 0.3% ropivacaine local infiltration combined with S-ketamine 0.2 mg/kg intravenous
injection was used for postoperative analgesia The patient’s basic information and intraoperative conditions were
analyzed, which included gender, age, weight, surgery time, anesthesia time, extubation time, intraoperative blood
loss, MAP before pneumothorax, PaCO2 before pneumothorax, etc. Postoperative conditions were also monitored,
such as PACU stay time, agitation during the recovery period, pain, and the incidence of nausea and vomiting. After
discharge, the recovery status was assessed.

Results A total of 70 pediatric patients who met the criteria for day-case PDA ligation were included in this

study. Before the occurrence of pneumothorax, the mean arterial pressure (MAP) of these 70 patients was
69.58+12.52 mmHg, and during controlled hypotension, the MAP was 54.96+ 11.23 mmHg. Before the occurrence
of pneumothorax, the partial pressure of carbon dioxide (PaCO,) was 38.69 + 3.38 mmHg, and during controlled
hypotension, the PaCO, was 51.42 +4.05 mmHg. Three cases experienced agitation during the recovery period, and
four cases had mild pain, but there was no moderate or severe pain, nausea, or vomiting. Only 1 case of postoperative
respiratory tract infection and 1 case of postoperative pneumothorax occurred. Within 30 days after discharge, the
unplanned revisit rate, unplanned readmission rate, and surgical wound infection rate were all 0. The residual shunt
rate detected by echocardiography was 0 after 1 month.

Conclusions The children under the robot-assisted thoracoscopic day case PDA surgeries in this study have limited
trauma, little bleeding, and little postoperative pain, though still at a risk of respiratory infection and pneumothorax.
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Background

Day-case surgery can shorten the hospital stay of chil-
dren, reduce medical costs, ease the financial burden on
the families and health insurance of children [1]. The con-
cept of day-case surgery is well established in developed
countries but is still in its infancy in developing countries
such as China. A survey conducted in 19 countries in
2006 found an extremely wide variation in the percentage
of day cases, with 10% in Poland and more than 80% in
the United States and Canada [2]. In 2020, the number of
day-case surgery in tertiary public hospitals on China will
increase by 6.44% compared to 2019, and the proportion
of day-case surgery to elective surgery will be 10.85%, an
increase of 1.93% points compared to 2019 [3].

In conventional surgery, generally one or more days
should be spent in advance of surgery to complete the
initial evaluation of surgery, and one or more days after
hospitalization for recovery. In the day-case surgery
mode, the initial diagnosis, examination and evaluation,
health education, are completed before admission, the
children can be hospitalized to discharge within 24 h
under the premise of ensuring the safety of patients. The
duration of surgery was the most important criterion for
patient selection for day-case surgery, followed by clinical
status and comorbidities; and surgery lasting within 2 h
could be considered for day-case surgery [4, 5].

Although day-case surgery is applicable to a broad
range of procedures, there has been limited research on
performing day-case closure of patent ductus arteriosus
(PDA) in children, and experience with anesthesia man-
agement is still immature in this context [6]. Studies done
on video-assisted thoracoscopic surgery-PDA ligation
showed better outcomes when compared to open tho-
racotomies [7]. Ying et al. reported that all the 106 cases
underwent robotically assisted surgery for PDA ligation,
and good efficiency were achieved with a short operation
time, little bleeding, and a short postoperative hospital
stays were 1-3 days [8]. Robotic surgery for PDA ligation
in children can be considered for its safety, effeciency,
and dependable surgical method [8]. However, the day-
case surgery for pediatric PDA ligation using robot-
assisted thoracoscopy were rarely reported.

The purpose of this study is to present a summary of
the experience of day-case surgery for pediatric PDA
ligation using robot-assisted thoracoscopy.

Data and methods

The medical records of 70 children who received robot-
assisted thoracoscopic PDA closure surgery in the day-
case surgery unit at the Children’s Hospital, Zhejiang

University School of Medicine, were retrospectively ana-
lyzed by this study.

Clinical data

The clinical data of 72 pediatric patients who under-
went robot-assisted thoracoscopic closure of PDA dur-
ing 24-hour day surgery from April 2021 to February
2023 were retrospectively collected after approval by the
Medical Ethics Committee of the Children’s Hospital,
Zhejiang University School of Medicine (ethics num-
ber: 2023-IRB-0053-P-01). Written informed consent
was waved by Medical Ethics Committee because this
was a retrospective study. Only the researchers involved
in the study had access to the subjects’ personal medical
records. Data will be processed anonymously, omitting
information that can identify subjects individually, and
the results will be published without disclosing subjects’
personal information.

The Inclusion criteria was as follows: age<15 years;
American Society of Anesthesiologists (ASA) class II;
Children with ductus arteriosus greater than 2 mm in
diameter or not closed on their own after three years old;
underwent robot-assisted thoracoscopic closure of PDA
during day surgery; and the time from admission to dis-
charge was within 24 h. Exclusion criteria: transferred to
general ward for treatment for over 24 h due to compli-
cations such as pulmonary infection or pneumothorax,
which quitted the PDA day-case surgery process.

The following principles have been followed before the
surgeries, to maximize the benefits and minimize com-
plications of day-case surgery: (1) A low risk of major
post-operative complications that necessitate immedi-
ate intervention, such as hemorrhage or cardiovascular
instability; (2) Urgent procedures, such as abscess drain-
age and certain trauma surgeries, may be appropriate for
day-case cases; (3) Prolonged post-operative specialist
care or observation should not be required; (4) Mini-
mally invasive techniques should be used for opening the
abdominal and thoracic cavities; (5) Post-operative pain
can be managed with oral analgesics, with or without
regional anesthesia; (6) Patients should be able to resume
normal functions, like oral nutrition and safe mobili-
zation, rapidly; (7) Anesthesia-related side effects that
delay discharge, such as post-operative nausea, vomiting,
drowsiness, or urinary retention, must be minimal [5].

Indications of anesthesia for pediatric day surgery are
followed according to American Society of Anesthesiol-
ogists (ASA): For patients of ASA Grade I and II, small
changes in physiological function during and under anes-
thesia are expected, and the incidence of postoperative
complications is expected to be low. Anesthesia is not
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recommended for pediatric day surgery in the ASA grade
III and IV; Postgestational age <60 weeks (preterm infants
are older than normal newborns); the expected operation
time>2 h; Severe postoperative pain, bleeding, or delayed
dyskinesia; Serious intraoperative complications due to
underlying or existing medical conditions; Children with
recent acute upper respiratory tract infection, asthma
attack and ongoing status, uncontrolled epilepsy; Air-
way problems such as small jaw; Estimated long recovery
time of postoperative respiratory function pathological
obesity or sleep apnea syndrome; Untreated myocardial
ischemia or arrhythmia; Children with untreated right-
to-left shunt heart disease; Children who stopped taking
monoamine oxidase inhibitors for less than 10 days were
not accompanied by an adult for 24 h after discharge.
Abnormal preoperative examination, such as hemoglobin
(Hb)<70 g/L, platelet (PLT)<100x109/L, coagulation
time (PT) extended by 8 s, activated partial thromboplas-
tin time (APTT) extended by more than 8 s or fibrinogen
(FIB)<2 g/L, blood potassium (K+)<3mmol/L, Blood
sodium (Na+) <130mmol/L.

Preoperative preparation

Within 1 week before the surgery, complete blood rou-
tine, coagulation function, liver and kidney function,
electrolyte, electrocardiogram, chest X-ray, and echocar-
diogram examinations were performed, and preopera-
tive evaluation and surgical appointment were conducted
in the anesthesia outpatient department. On the day of
surgery, the anesthesiologist evaluated the patient’s over-
all condition again and signed the informed consent for
anesthesia. The preoperative fasting time was 8 h for
fried and meat foods, 6 h for formula milk and starchy
foods, 4 h for breast milk, and 2 h for clear drinks. Two
hours before the surgery, 5 ml/kg of preoperative energy
supplement (carbohydrate drink) was given, and 0.5 mg/
kg of midazolam oral solution was given 30 min before
the surgery.

Anesthesia method

Upon entering the operating room, routine monitoring
was performed, including heart rate (HR), noninvasive
blood pressure (NBP), electrocardiogram (ECG), and
oxygen saturation of pulse (SpO,). Anesthesia induc-
tion was performed with etomidate at a dose of 0.3 mg/
kg, rocuronium at a dose of 0.6 mg/kg, fentanyl at a dose
of 5 pg/kg, and methylprednisolone succinate at a dose
of 2 mg/kg. After jaw relaxation, tracheal intubation was
performed, and the position of the endotracheal tube was
confirmed by auscultation of lung sounds. The pressure-
controlled ventilation volume-guaranteed (PCV-VGQG)
mode was set, with an FiO, of 0.4, a tidal volume (Vt)
of 6-8 ml/kg, a respiratory rate of 15-25 breaths/min,
a positive end-expiratory pressure (PEEP) of 5 cmH,0,
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and a quantitative end-tidal CO, (PprCO,) <60 mmHg in
the case of pneumothorax. After anesthesia induction, a
radial artery catheter was placed for monitoring arterial
blood pressure, and a femoral vein catheter was placed
for rapid blood and fluid infusion in emergency situa-
tions. The oral temperature was monitored during the
surgery. If the body temperature was lower than 36 °C, a
warm air blower and infusion warmer were used to main-
tain a temperature above 36 °C. During the surgery, remi-
fentanil was infused at a rate of 0.5 pg-kg-1-min-1, and
2-3% sevoflurane was inhaled to maintain anesthesia.
Before PDA ligation, 1-3 pg/kg of remifentanil was
administered intravenously, and the concentration of
sevoflurane was adjusted to 3-5% to reduce the mean
arterial pressure (MAP) to around 55 mmHg. After PDA
ligation, a transthoracic echocardiogram was performed
to confirm the successful ligation of PDA without residual
shunt. Before skin closure, lung inflation was performed
adequately to remove pneumothorax. The incision was
infiltrated with 0.3% ropivacaine, and ondansetron
(0.1 mg/kg) was administered intravenously to prevent
nausea and vomiting. Before extubation, sugammadex
(2 mg/kg) was administered to antagonize the muscle
relaxation effect of rocuronium. The endotracheal tube
was removed when the tidal volume was >6 ml/kg, the
respiratory rate was >15 breaths/min, the P;;CO, was
normal, and the deoxygenated SpO, was =95%. After
stable vital signs were confirmed, S-ketamine (0.2 mg/kg)
was administered intravenously for postoperative analge-
sia. The patient was then transferred to the post-anesthe-
sia care unit (PACU) for observation. When the Steward
recovery score was =4, the patient was sent back to the
day ward [9]. According to Expert consensus on clinical
application of perioperative lung-protective ventilation
strategies in 2020 [10], the rising rate of PaCO2 should be
controlled to <10mmHg/h, the PaCO2 should be lower
than 65mmHg, the pH value should be higher than 7.20.
Optimal oxygen method [10]: Start by setting a PEEP of
3 to 5cmH20, and increase the PEEP by 2 to 3cmH20
each time according to the oxygenation situation. When
FiO02<0.6, the PEEP that meets PaO2>60mmHg or
PaO2/Fi022300mmHg is the best PEEP. Whether the
first ideal PEEP is 5cmH20, should be determined indi-
vidually in the clinical practice. In the management of
clinical anesthesia, various factors should be considered
comprehensively to exert the best protective effect.

Surgical procedure

The patient was placed in a right lateral position with
the right arm elevated, and the position was secured. A
trocar was inserted at the fifth intercostal space of the
left axillary midline, and artificial pneumothorax was
established by inflation to a pressure of 4 mmHg. Under
direct vision, operating trocars were placed at the fourth
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intercostal space of the left anterior axillary line and the
sixth intercostal space of the scapular line for dissection.
If the surgical field of view was poor, an auxiliary trocar
was placed at the seventh intercostal space of the left
anterior axillary line for traction and exposure. Using the
fourth-generation Da Vinci robotic system (Intuitive Sur-
gical, Inc. Sunnyvale, CA USA), the patent ductus arte-
riosus was separated to avoid damaging the vagus nerve
branches, and after controlled hypotension, the ductus
arteriosus was ligated with double 7—-0 silk sutures. It
allows surgeons to perform operations on children in a
smaller operating space and with higher operating accu-
racy requirements [11].

Postoperative discharge and follow-up

The patient started early ambulation and gradually pro-
gressed from clear fluids to solid foods. Before dis-
charge, blood routine, chest X-ray, and temperature
were re-examined, with a temperature of less than 38 °C
to rule out pulmonary infection and pneumothorax.
The Pediatric Post Anesthetic Discharge Scoring Sys-
tem (Ped-PADSS) [12] was used to assess the patient’s
post-anesthesia discharge readiness, with a score of 9 or
higher considered suitable for discharge. Antibiotics were
prescribed after discharge to prevent respiratory infec-
tions, and the chest incision was dressed and changed
the medication once every 2 days until the scabbed.
Blood routine was rechecked three days after discharge,
and outpatient follow-up and echocardiography were
performed one month after discharge. According to

Table 1 The pediatric post anaesthetic discharge scoring system
(Ped-PADSS)

Ped-PADSS
Items Indicators Scores
Vital sign Bp and pulse fluctuated 20% based on 2

pre-operation
Bp and pulse fluctuated 20-40% based on 1
pre-operation
Bp and pulse fluctuated over 40% based on 0
pre-operation

Activities The gait was stable without dizziness or reached 2

the preoperative level

Need assistance 1

immobility 0
Nausea and Mild/oral medication 2
vomiting Moderate/injectable drug treatment 1

Moderate/persistent despite medication 0
Pain Oral medication is administered to the patient at

an acceptable level of analgesia

Yes 2

No 1
Surgical Mild/no dressing change required 2
bleeding Moderate/Need 2 dressing changes 1

Severe/need to change dressing >3 times 0
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Ped-PADSS (Table 1), the children can be discharged
when the total scores of all items are >9.

Unplanned readmission of patients is generally related
to postoperative hypoxemia, nausea, vomiting, pain,
bleeding, pulmonary infection, pneumothorax, and other
surgical complications. Post-anesthesia education was
provided, and hospital contact information was pro-
vided. Within 24 h, a nurse with strong communication
skills routinely followed up with the patient via phone to
inquire about any anesthesia- or surgery-related compli-
cations and provide treatment advice.

The patient’s basic information, such as gender, age,
weight, PDA diameter, and hospitalization costs, was
recorded as part of the observation indicators. Intraop-
erative conditions were also observed, including surgery
time, anesthesia time, extubation time, intraoperative
blood loss, MAP before pneumothorax, HR before pneu-
mothorax, PaCO, before pneumothorax, MAP during
controlled hypotension, HR during controlled hypoten-
sion, and PaCO, during controlled hypotension. Postop-
erative conditions were monitored, such as PACU stay
time, agitation during the recovery period, pain, and the
incidence of nausea and vomiting. After discharge, the
recovery status was assessed, including the unplanned
revisit rate within 30 days of discharge, unplanned read-
mission rate, surgical wound infection rate, and resid-
ual shunt rate on echocardiography 1 month after the
procedure.

The assessment tool for the children was Face Legs
Activity Cry and Consolability (FLACC) [13]: It is used
for pain assessment in children aged 2 months to 7 years,
but it is also used in pain assessment in children aged
0-18 years. The pain Behavior Scale (FLACC) was used
to score the pain, which included 5 behavioral changes:
facial expression, leg movement, body position, cry-
ing and comfortability. The score for each item was 0~2
points, and the total score was 0~10 points. The higher
the total score was, the more severe the pain was. Score
0: relaxed, comfortable; 1-3: mild discomfort; 4—6: mod-
erate pain; 7-10: severe pain, discomfort, or both. The
higher the score, the more severe the pain.

Statistical analysis

Statistical analysis was performed by SPSS 21.0 soft-
ware. The t test compared the means of two independent
groups in the indicators such as basic information, intra-
operative conditions and recovery status after discharge,
in order to determine whether there is statistical evi-
dence that associated the means is significantly different.
P<0.05 was considered to be statistically significant.
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Table 2 General clinical information, median (range)
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Table 4 Postoperative adverse reactions and complications

Indexes Clinical data [Cases (%)]

Male/Female (cases) 27/43 Cases number (%)
Age(month) 28(11~82) Restlessness during the waking period 3(4.3%)

Body weight(kg) 11.9(8.0~25.0) Mild pain 4(5.7%)

PDA diameter(mm) 25(14~42) Moderate to severe pain 0(0%)

Operating time(min) 50(43~76) Nausea and vomiting 0(0%)

Anesthesia time(min) 83(65~118) Unplanned readmission within 30 d of discharge ~ 0(0%)

PACU stay(min) 22(15~32) Unplanned readmission within 30 d of discharge ~ 0(0%)

Bleeding volume(ml) 1.5(1~4) Surgical wound infection 0(0%)

Extubation time(min) 8(5~16) Residual PDA shunt after T month 0(0%)

Hospitalization cost(yuan) 51,615(49,492 ~ 53,600)

Table 3 Comparison of MAP, HR, and PaCO2 between before
pneumothorax and during controlled hypotension

Indexes Before During t P
pneumothorax controlled
hypotension.
MAP(mmHg) 69.58+12.52 5496+1523 5715 <0.001
HR(beat/min) 109.00+21.10 102.12+22.10  1.711 0.089
PaCO2(mmHag) 38.69+3.38 51424405 25034 <0.001
Results

General clinical information

In the study, 70 out of 72 children successfully completed
the surgery and were discharged within 24 h. Two cases
(1 case of postoperative respiratory tract infection and
1 case of postoperative pneumothorax) were transferred
to a general ward for further treatment. Of the 70 chil-
dren, 27 were male and 43 were female, with ages rang-
ing from 11 to 82 months, weights ranging from 8.0 to
25.0 kg, PDA diameters ranging from 1.4 to 4.2 mm, and
hospitalization costs ranging from 49,492 to 53,600 yuan.
The surgery time ranged from 43 to 76 min, anesthesia
time ranged from 65 to 118 min, extubation time ranged
from 5 to 16 min, and PACU stay time ranged from 15 to
32 min. The intraoperative blood loss was between 1 and
4 ml (Table 2).

Comparison of MAP, HR, and PaCO2 before pneumothorax
and during controlled hypotension

The MAP before pneumothorax was 69.58+12.52
mmHg, while the MAP during controlled hypoten-
sion was 54.96+15.23 mmHg (P<0.001, Table 3). The
HR before pneumothorax was 109.00+21.10 beats/
min, while the HR during controlled hypotension was
102.12£22.10 beats/min. The PaCO2 before pneumo-
thorax was 38.69+3.38 mmHg, while the PaCO, during
controlled hypotension ranged was 51.42+4.05 mmHg
(P<0.001, Table 3).

Postoperative adverse reactions and complications

No incidence of reintubation after planned extubation
was found. Three cases experienced agitation during the
recovery period, and four cases experienced mild pain.

No cases of moderate or severe pain or nausea and vom-
iting were reported. The unplanned revisit rate within 30
days of discharge, unplanned readmission rate, and sur-
gical wound infection rate were all 0. The residual shunt
rate on echocardiography 1 month after the procedure
was also 0 (Table 4).

Discussion

Day-case surgery refers to a surgical model in which
patients complete hospitalization, surgery, postoperative
observation, recovery, and discharge within one working
day (24 h). Although day-case surgery has many advan-
tages such as shortening hospitalization days, avoiding
hospital-acquired infections, shortening hospital wait-
ing times, improving bed turnover rate, at the same time,
PDA ligation is a tertiary surgery with inherent complex-
ity. Day-case surgery for paediatric PDA ligation neces-
sitates more careful anesthesia management [14].

Da Vinci robot

Compared with adults, pediatric chest space is small, and
traditional open-chest PDA ligation is limited and more
traumatic [15]. The progress of laparoscopic surgery also
has some drawbacks, such as two-dimensional views,
restricted ergonomics for surgeons, and limited range of
motion of surgical instruments [16]. Moreover, thoraco-
scopic PDA ligation still requires single-lung ventilation
to obtain better visibility, which limits the operation and
results in a high incidence of postoperative pulmonary
atelectasis [17].The fourth-generation Da Vinci robotic
system used in this day-case surgery study has a clear
and accurate magnified three-dimensional view, an ergo-
nomic operating console, and real-time accurate conver-
sion of the operator’s finger and wrist movements into
mechanical actions [11]. The range of instrument bend-
ing and rotation exceeds the limit of human hand move-
ments, and the strong tremor filtering function allows
stable and precise operation with both hands. In all cases,
single-lung ventilation was not required during surgery,
effectively reducing the incidence of postoperative pul-
monary atelectasis caused by single-lung ventilation [11].
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Preoperative sedation

Pediatric patients are prone to fear and anxiety before
surgery, which can lead to prolonged anesthesia induc-
tion time, longer stay in the PACU, increased consump-
tion of analgesics, more complications, and prolonged
wound healing time [18]. Oral administration of 0.5 mg/
kg midazolam has good anxiolytic and amnestic effects,
with a short duration of action, high acceptance by pedi-
atric patients, and helps with the separation of the child
from their parents [19].

Fasting and preoperative consumption of surgical energy
within 2 h before surgery

Traditional prolonged fasting can have various adverse
effects on pediatric patients, such as thirst, hunger, dehy-
dration, and hypoglycemia. Currently, experts agree on
the following recommendations: fasting solid food 6 h
before surgery, fasting breast milk 4 h before surgery,
refraining from clear fluids 2 h before surgery, and con-
suming liquid rich in carbohydrates (surgical energy)
within 2 h before surgery is beneficial for the patient’s
postoperative recovery [18]. Studies have shown that
drinking a carbohydrate drink 2 h before surgery does
not cause delayed gastric emptying and reduces post-
operative insulin resistance, which can improve patient
satisfaction and clinical outcomes [19-23]. Preoperative
consumption of Outfast 5 ml/kg (Yichang Humanwell
Pharmaceutical Co., Itd. China) within 2 h before surgery
in this study, can relieve preoperative hunger, thirst, and
anxiety, without increasing the risk of reflux or aspiration
during surgery, thus, accelerating patient recovery, and
shortening hospital stay.

Controlled hypotension and fluid replacement

Controlled hypotension is performed before PDA ligation
to reduce the mean arterial pressure (MAP) to around
55mmHg, which reduces the difficulty of the ligation
procedure and prevents the risk of accidentally cutting
the ductus arteriosus due to high pressure. Nitroprusside
is a potent vasodilator and commonly used in pediatric
perioperative management for controlled hypotension.
A study has shown that a combination of remifentanil
and sevoflurane can be used for controlled hypotension
in children, reducing middle ear blood flow (MEBF) and
providing good surgical conditions for middle ear surgery
without the need for additional hypotensive drugs [24].
In this study, remifentanil was administered at a dose
of 1-3pug/kg intravenously, and a continuous infusion of
0.5 pg-kg-1-min-1 was used, while sevoflurane concentra-
tion was adjusted to 3%~5%. The infusion rate of remi-
fentanil and the concentration of sevoflurane were both
commonly used in pediatric anesthesia maintenance,
showing satisfactory efficacy and safety without the
use of additional potent hypotensive drugs. As daytime
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surgery is relatively short, less traumatic, and the general
condition of the patient is good, preoperative oral intake
of Outfast for 2 h is used for fluid and energy supple-
mentation, while a restrictive fluid replacement strategy
is used during surgery, and early postoperative feeding is
implemented to restore the patient’s fluid balance [25].

Mechanical ventilation mode

The mechanical ventilation mode chosen by our team is
PCV-VG mode, which combines the advantages of VCV
mode and PCV mode. It achieves the target tidal vol-
ume with the lowest airway peak pressure while ensur-
ing adequate ventilation. The airway pressure increases to
its maximum value at the start of inspiration and remains
there during the whole inspiratory phase due to the PCV-
VG mode’s decreasing gas flow [26]. As a result, tiny air-
ways and alveolar tissue can open as quickly as feasible,
allowing even low compliance tissue to get some venti-
lation. The danger of harm brought on by high airway
pressure is decreased by the continuous plateau pres-
sure, which is more favorable to oxygen diffusion. It can
also improve pulmonary shunting and compliance to
some extent, and is beneficial for alveolar ventilation and
oxygenation [27]. At the same time, to avoid lung injury
caused by high volume and high airway pressure, provide
a clear view for the surgeon and reduce postoperative
complications such as pneumothorax.

Lung protective ventilation strategies
Lung Protective Ventilation Strategies (LPVS) primarily
includes low tidal volume, moderate positive end-expi-
ratory pressure (PEEP), permissive hypercapnia (PHY),
lung recruitment, and low inspired oxygen concentration.
Reducing lung ventilation drive by using low tidal vol-
ume is the basis of LPVS strategy. Traditional mechanical
ventilation tidal volume is usually 10-15 ml/kg, far higher
than the normal tidal volume of the body, which can lead
to overinflation of lung tissue, excessive expansion of
alveoli and high pressure, resulting in pressure-volume
and inflammatory lung injury [28]. Therefore, a tidal vol-
ume of 6-8 ml/kg (ideal body weight) is recommended.
Low tidal volume ventilation may lead to CO2 accumu-
lation, which in turn causes hypercapnia [29]. Currently,
it is believed that a certain range of hypercapnia, namely
permissive hypercapnia, can reduce ischemia-reperfu-
sion injury, reduce oxidative stress response, increase
cardiac output, improve arterial oxygen pressure, reduce
pulmonary shunting, and play a protective role in the
lung. However, PHY should be maintained within a cer-
tain limit, otherwise it may cause internal environment
disorder [28]. Research suggests that the rate of PaCO,
rise should be controlled to <10 mmHg/h, PaCO, should
be <65 mmHg, and pH should be >7.20 [30]. Therefore,
in clinical anesthesia management, various factors should
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be considered comprehensively to achieve the best pro-
tective effect.

If PEEP is too low, it is not enough to maintain the
open state of alveoli, leading to alveolar collapse and atel-
ectasis. If PEEP is too high, it can cause an increase in
airway pressure, over-distention of normally ventilated
lung tissue, and exacerbate lung injury. A meta-analysis
of trials using high (8-15 cm H,0) versus low (2-5 cm
H,0) PEEP showed no significant difference in postop-
erative complications, length of hospital stay, or mortal-
ity rates, and the group with PEEP>5 cm H20 had fewer
postoperative pulmonary complications compared to the
group with PEEP=0 cm H2O [31]. In this case, a PEEP of
5 cm H,O was applied to prevent alveolar collapse.

During mechanical ventilation, using a lower fraction
of inspired oxygen (FiO,) of 0.4 can help reduce absorp-
tion atelectasis and maintain continuous opening of the
alveoli [30]. If persistent hypoxemia occurs, increasing
FiO2 or adjusting PEEP can help improve oxygenation.
In this case, a “lung-protective ventilation strategy” was
employed, including a low tidal volume (Vt 7 ml/kg),
moderate positive end-expiratory pressure (PEEP in cm
H,0), permissive hypercapnia (PaCO, 45-60 mmHg),
and low FiO, (0.4).

Waking period

The prolonged duration of action and residual paralysis
of non-depolarizing muscle relaxants are more common
in children. Residual paralysis can lead to respiratory
system complications such as early airway obstruction,
hypoxemia, and bronchospasm after extubation [32].
Studies have shown that compared to neostigmine, using
sugammadex to antagonize rocuronium-induced muscle
relaxation in pediatric tonsillectomy not only shortens
the time of extubation and PACU stay but also effectively
reduces the incidence of early postoperative respiratory
complications [33]. In this study, the use of sugamma-
dex (2 mg/kg) to antagonize rocuronium-induced mus-
cle relaxation is helpful for early extubation and smooth
recovery of children undergoing day-case surgery. Chil-
dren with a Steward score>4 can leave the PACU.

Multimodal analgesia

To provide additive (or even synergistic) pain relief while
resulting in an opioid-sparing effect and limiting side
effects, combinations of various medicines having dif-
ferent mechanisms of action and/or operating at differ-
ent sites along the pain pathway are used [34, 35]. As the
effectiveness of multimodal analgesia regimens contin-
ues to improve, opioid drugs are gradually used only for
rescue analgesia, rather than as the main postoperative
treatment. The side effects of opioid drugs include nau-
sea, vomiting, intestinal obstruction, urinary retention,
delirium, drowsiness, and respiratory depression, all of
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which are detrimental to postoperative recovery and
can delay discharge [36]. S-ketamine has strong seda-
tive and analgesic effects. It is the right-handed isomer of
S-ketamine and is twice as potent as the racemic mixture,
enhancing analgesic effects while producing fewer side
effects than the racemic mixture [37]. In this group, 0.3%
ropivacaine local infiltration combined with S-ketamine
0.2 mg/kg intravenous injection was used for postop-
erative analgesia, reducing the complications caused by
postoperative opioid drugs and the incidence of restless-
ness during the recovery period in children.

Day-case PDA efficiency in children

No moderate or severe pain, nausea, or vomit-
ing occurred among the children in this study. After
discharge, the children had unplanned revisit rate,
unplanned readmission rate. These results showed the
day-case surgery had the advantages of short operation
time and few complications, as reported [4, 5]. Further-
more, the robotic assistance helped reduce the pain and
revisit rate of the children, improved the recovery of the
children [8]. Since there were no reports of day-case PDA
surgeries among children, the results of this study may
provide some experiences for day case pediatric PDA.
However, there was still 1 case of postoperative respira-
tory tract infection and 1 case of postoperative pneumo-
thorax, which suggested the risk of surgeries still exist.
Close postoperative care is still needed.

A comparison report found that the 105 patients with
device closure had an higher average cost than the 96
patients with surgical closure [38]. Ying et al. [8] also
reported the average hospitalization costs with robotic
assistance were much more expensive than those patients
who received transcatheter procedure. In this study, hos-
pitalization costs ranging from 49,492 to 53,600 yuan,
which might also be expensive. The guardians chose
robotic assisted day-case PDA surgery for their children,
so that the children may have little pain and few compli-
cations regardless of the high cost.

Limitation of this study

The study was lacking in data concerning long-term out-
comes such as the rate of PDA recurrence or the need
for additional interventions. Furthermore, this study was
limited for its small sample size, and forthcoming studies
must feature a more substantial sample size, a more elab-
orate methodology section, and a more extensive range
of results information. At last, the comparison with open
thoracotomy nor VAT without robot was not studied in
this study, which may need further explorations.
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Conclusion

The robot-assisted thoracoscopic surgical system lead to
limited trauma, bleeding, and postoperative pain, with
still a possibility of respiratory infection and pneumotho-
rax in the children who received day-case PDA surgeries.
With reasonable preoperative preparations, precise anes-
thesia management, and comprehensive postoperative
follow-up, day-case PDA surgeries under robot-assisted
thoracoscopic closure can be implemented, reduce the
complications, and to improve the comfort of the child.

List of abbreviations
PDA patent ductus arteriosus
PaCO,  partial pressure of carbon dioxide

Acknowledgements
None.

Author contributions

H.C.: Guarantor of integrity of the entire study; Study design; Data collection;
Data analysis; Manuscript writing J.Q.: Study concepts; Definition of intellectual
content; Data collection; Data analysis; Manuscript editing Y.H.: Study design;
Clinical studies; Data acquisition; Manuscript editing W.H.: Data collection;
Definition of intellectual content; data validation; Manuscript editing X.L.:
Project administration; Literature research; Clinical studies; Manuscript editing
H.J.: Study concepts; Data acquisition; Manuscript writing. All authors read and
approved the final manuscript.

Funding
This study was supported by the National Natural Science Foundation of
China (81601358).

Data availability
All data analysed during this study are included in this published article.

Declarations

Ethics approval and consent to participate

This cross-sectional study was performed with the approval by the Medical
Ethics Committee of the Children’s Hospital, Zhejiang University School of
Medicine (ethics number: 2023-IRB-0053-P-01). Written informed consent
was waved by Medical Ethics Committee of the Children’s Hospital, Zhejiang
University School of Medicine because this was a retrospective study. All
methods were carried out in accordance with relevant guidelines and
regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Anesthesiology, Children’s Hospital, Zhejiang University
School of Medicine, National Clinical Research Center for Child Health,
3333 Binsheng Road, Binjiang District, Hangzhou 310052, China
’Department of Cardiac Surgery, Children’s Hospital, Zhejiang University
School of Medicine, National Clinical Research Center for Child Health,
Hangzhou 310052, China

Received: 22 April 2023 / Accepted: 4 December 2023
Published online: 19 December 2023

Page 8 of 9

References

1. Gray WK, Takhar AS, Navaratnam AV, Day J, Swart M, Snowden C, et al. Safety
of day-case paediatric tonsillectomy in England: an analysis of admin-
istrative data for the getting it right first time programme. Anaesthesia.
2022;77(3):277-85.

2. Castoro C, Bertinato L, Baccaglini U, Drace CA, McKee M. Policy brief-
day surgery: making it happen. World Health Organization; 2007. [Last
accessed on 2016 Oct 03]. Available from: http://www.apps.who.int/iris/
bitstream/10665/107831/1/E90295.pdf.

3. General Office of the National Health Commission. : Notification on national
monitoring and analysis of performance appraisal of national tertiary Public
Hospitals in 2020. http://www.nhc.gov.cn/cms-search/xxgk/getManuscrip-
tXxgk.htm?id=04928bbf79e64bc3a49b2248f1f97978.

4. Kulkarni S, Harsoor SS, Chandrasekar M, Bhaskar SB, Bapat J, Ramdas EK, et al.
Consensus statement on anaesthesia for day care surgeries. Indian J Anaesth.
2017,61(2):110-24. https://doi.org/10.4103/ija.lJA_659_16.

5. Quemby DJ, Stocker ME. Day Surgery development and practice: key factors
for a successful pathway. Contin Educ Anaesth Crit Care Pain. 2013. https://
doi.org/10.1093/bjaceaccp/mkt066]. [Ahead of print].

6. Jaillard S, Larrue B, Rakza T, Magnenant E, Warembourg H, Storme L. Con-
sequences of delayed surgical closure of patent ductus arteriosus in very
premature infants. Ann Thorac Surg. 2006;81(1):231-4.

7. Stankowski T, Aboul-Hassan SS, Seifi-Zinab F, Fritzsche D, Misterski M,
Sazdovski |, et al. Descriptive review of patent ductus arteriosus ligation by
video-assisted thoracoscopy in pediatric population: 7-year experience. J
Thorac Dis. 2019;11(6):2555-63.

8. Ying L, Wang X, Liu X, Tan Z, Yu J, Yang L et al. Application of robot-assisted
endoscopic technique in the treatment of patent ductus arteriosus in
106 children [published online ahead of print, 2023 Jan 16]. J Robot Surg.
2023;https://doi.org/10.1007/511701-023-01537-7.

9. CaoY,Chen X, Liu HQ, Liu XJ. Comparison of the value of Aldrete score,
Steward score, and OAA/S score in postoperative awakening after general
anesthesia for daytime thoracoscopic Surgery. Int J Anesthesiology Resusc.
2022;43(9):944-9.

10.  Expert group, Wang Y, Yang J, Mi W. Expert consensus on clinical application
of perioperative lung-protective ventilation strategies (2020). Chin J Anesthe-
siology. 2020;5:513-9.

11. RenC,Yan H, Zhao J, Zhang L. Da Vinci robotic system-assisted treatment of
patent ductus arteriosus for a 7-kg child: the first case report. Asian J Surg.
2022;45(10):1912-3.

12. Zhang MZ, Wang X, Zhang JM. Chinese translation version of periopera-
tive medicine in pediatric anesthesia (by. Marionella. Astuto and Pablo M.
Ingelmo). World Publishing Corporation; 2018.

13. Malviya S, Voepel-Lewis T, Burke C, Merkel S, Tait AR. The revised FLACC
observational pain tool: improved reliability and validity for pain assessment
in children with cognitive impairment. Paediatr Anaesth. 2006;16(3):258-65.

14.  Joshi RK, Aggarwal N, Agarwal M, Joshi R. Anesthesia protocols for bedside
preterm patent ductus arteriosus ligation: a single-institutional experience.
Ann Pediatr Cardiol. 2021;14(3):343-9.

15. Kowalsky SJ, Zenati MS, Steve J, Esper SA, Lee KK, Hogg ME, et al. A combina-
tion of robotic approach and ERAS pathway optimizes outcomes and cost for
Pancreatoduodenectomy. Ann Surg. 2019;269(6):1138-45.

16.  Barrett JS, Hirankarn S, Holford N, Hammer GB, Drover DR, Cohane CA, et al.
A hemodynamic model to guide blood pressure control during deliber-
ate hypotension with sodium nitroprusside in children. Front Pharmacol.
2015;6:151.

17. Ying LY, Liu XW, Tan Z, Yu JG, Shu Q. Study on the application of Da Vinci
robotic surgery in children with unclosed arterial ducts. J Clin Pediatr Surg.
2021;20(12):1179-82. (in Chinese).

18.  Chinese Society of Cardiothoracic and Vascular Anesthesia. Day surgery
anesthesia branch, pediatric anesthesia group, anesthesia branch, Chinese
medical association. Chinese expert consensus on accelerated rehabilitation
surgical anesthesia for children. Chin Med J. 2021;101(31):2425-32.

19. Cheng X, Chen Z, Zhang L, Xu P, Qin F, Jiao X, et al. Efficacy and safety of
midazolam oral solution for Sedative hypnosis and anti-anxiety in children: a
systematic review and Meta-analysis. Front Pharmacol. 2020;11:225.

20.  Awad S, Varadhan KK, Ljungqvist O, Lobo DN. A meta-analysis of randomised
controlled trials on preoperative oral carbohydrate treatment in elective
Surgery. Clin Nutr. 2013;32(1):34-44.

21. Breuer JP, von Dossow V, von Heymann C, Griesbach M, von Schickfus
M, Mackh E, et al. Preoperative oral carbohydrate administration to


http://www.apps.who.int/iris/bitstream/10665/107831/1/E90295.pdf
http://www.apps.who.int/iris/bitstream/10665/107831/1/E90295.pdf
http://www.nhc.gov.cn/cms-search/xxgk/getManuscriptXxgk.htm?id=04928bbf79e64bc
http://www.nhc.gov.cn/cms-search/xxgk/getManuscriptXxgk.htm?id=04928bbf79e64bc
https://doi.org/10.4103/ija.IJA_659_16
https://doi.org/10.1093/bjaceaccp/mkt066]
https://doi.org/10.1093/bjaceaccp/mkt066]
https://doi.org/10.1007/s11701-023-01537-7

Cao et al. Journal of Cardiothoracic Surgery

22.

23.

24,

25.

26.

27.

28.

29.

30.

(2023) 18:360

ASA IlI-IV patients undergoing elective cardiac Surgery. Anesth Analg.
2006;103(5):1099-108.

Svanfeldt M, Thorell A, Hausel J, Soop M, Rooyackers O, Nygren J, et al.
Randomized clinical trial of the effect of preoperative oral carbohydrate treat-
ment on postoperative whole-body protein and glucose kinetics. Br J Surg.
2007,94(11):1342-50.

Lo Mauro A, Aliverti A. Physiology of respiratory disturbances in muscular
dystrophies. Breathe (Sheff). 2016;12(4):318-27.

Degoute CS, Ray MJ, Gueugniaud PY, Dubreuil C. Remifentanil induces
consistent and sustained controlled hypotension in children during middle
ear Surgery. Can J Anaesth. 2003;50(3):270-6.

ZuoY, Zhao L, Zeng M, Yang Q, Chen X, Yang T. The effects of vitamin-rich
carbohydrate pretreatment on the surgical stress response and S-100 after
splenectomy in elderly rats. BMC Anesthesiol. 2019;19(1):77.

Wang P, Zhao S, Gao Z, Hu J, Lu Y, Chen J. Use of volume controlled vs.
pressure controlled volume guaranteed ventilation in elderly patients under-
going laparoscopic Surgery with laryngeal mask airway. BMC Anesthesiol.
2021;21(1):69.

Lee JM, Lee SK, Rhim CC, Seo KH, Han M, Kim SY, et al. Comparison of volume-
controlled, pressure-controlled, and pressure-controlled volume-guaranteed
ventilation during robot-assisted laparoscopic gynecologic Surgery in the
Trendelenburg position. Int J Med Sci. 2020;17(17):2728-34.

Hallett S, Toro F, Ashurst JV, Physiology TV. [Updated 2022 May 8]. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2023 Jan-.
Available from: https://www.ncbi.nlm.nih.gov/books/NBK482502.

Davies JD, Senussi MH, Mireles-Cabodevila E, Should. A tidal volume of 6 mL/
kg be used in all patients? Respir Care. 2016;61(6):774-90.

Wang YL, Yang JJ, Mi WD. Expert consensus on the clinical application of
perioperative pulmonary protective ventilation strategies. Chin J Anesthesiol-
ogy. 2020;(5):513-9. (in Chinese).

Riddell JR, Jones BJ, Fernandes BM, Law DJ, Cooper JA, Wise MP. Mechanical
ventilation variables associated with high pulmonary artery pressures in
ARDS patients: a post hoc analysis. Crit Care. 2022;26(1):396.

32

33.

34.

35.

36.

37.

38.

Page 9 of 9

Zhang R, Hu J, Li S, Xue B, Wang L, Bai J, et al. Effects of age on sugammadex
reversal of neuromuscular blockade induced by rocuronium in Chinese
children: a prospective pilot trial. BMC Anesthesiol. 2021,21(1):248.

Du Z, Wei SW, Xiang Z, Wu L, Qu SQ. A comparative study on the reduction
of early respiratory Complications after extubation in children undergoing
adenotonsillectomy with sugammadex sodium and neostigmine. J Clin
Pediatr Surg. 2022,21(06):546-50. (in Chinese).

Schug SA, Chandrasena C. Postoperative pain management following ambu-
latory anesthesia: challenges and solutions. Ambul Anesth. 2015;2:11-20.
Kaye AD, Urman RD, Rappaport Y, Siddaiah H, Cornett EM, Belani K, et al. Mul-
timodal analgesia as an essential part of enhanced recovery protocols in the
ambulatory settings. J Anaesthesiol Clin Pharmacol. 2019;35(Suppl 1):40-5.
McEvoy MD, Scott MJ, Gordon DB, Grant SA, Thacker JKM, Wu CL, et al. Ameri-
can Society for Enhanced Recovery (ASER) and Perioperative Quality Initiative
(POQI) joint consensus statement on optimal analgesia within an enhanced
recovery pathway for colorectal Surgery: part 1-from the preoperative period
to PACU. Perioper Med (Lond). 2017;6:8.

Wang X, Lin C, Lan L, Liu J. Perioperative intravenous S-ketamine for acute
postoperative pain in adults: a systematic review and meta-analysis. J Clin
Anesth. 2021,68:110071.

Ahmadi A, Sabri M, Bigdelian H, Dehghan B, Gharipour M. Comparison of
cost-effectiveness and postoperative outcome of device closure and open
Surgery closure techniques for treatment of patent ductus arteriosus. ARYA
Atheroscler. 2014;10(1):37-40.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.ncbi.nlm.nih.gov/books/NBK482502

	﻿Anesthesia management experience for pediatric day-case PDA ligation under thoracoscopy assisted by a robot: a retrospective study
	﻿Abstract
	﻿Background
	﻿Data and methods
	﻿Clinical data
	﻿Preoperative preparation
	﻿Anesthesia method
	﻿Surgical procedure
	﻿Postoperative discharge and follow-up
	﻿Statistical analysis

	﻿Results
	﻿General clinical information
	﻿Comparison of MAP, HR, and PaCO2 before pneumothorax and during controlled hypotension
	﻿Postoperative adverse reactions and complications

	﻿Discussion
	﻿Da Vinci robot
	﻿Preoperative sedation
	﻿Fasting and preoperative consumption of surgical energy within 2 h before surgery
	﻿Controlled hypotension and fluid replacement
	﻿Mechanical ventilation mode
	﻿Lung protective ventilation strategies
	﻿Waking period
	﻿Multimodal analgesia
	﻿Day-case PDA efficiency in children
	﻿Limitation of this study

	﻿Conclusion
	﻿References


