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Risk factors for anesthesia-
associated postoperative capillary
leakage after thoracoscopic
surgery in neonates: A single-
center observational study

Heqi Liu, Fang Wang*, Jianmin Zhang and Zhengzheng Gao

Department of Anesthesiology, Beijing Children’s Hospital, Capital Medical University, National
Center for Children’s Health, Beijing, China

Background: Thoracoscopy is considered the surgical method of choice for
addressing a wide range of conditions in neonates. However, there is a lack of
experience in anesthesia management for this procedure. On reviewing the
newborns who had undergone thoracoscopic surgery at our medical center,
some had developed edema after surgery. After excluding other etiologies, these
neonates were diagnosed with capillary leakage secondary to thoracoscopy.
Aims: This study aimed to identify the potential risk factors for capillary leakage
secondary to thoracoscopy in neonates and to provide reference information for
optimal anesthesia management.

Methods: This single-center, retrospective, observational study examined neonates
who had undergone thoracoscopic surgery between January 1, 2018, and
September 31, 2021. Their electronic medical records were analyzed for
demographic and clinical characteristics associated with anesthesia, and
postoperative capillary leakage occurring within 24 and 48 h of surgery was
assessed based on medical records.

Results: A total of 56 neonates that underwent thoracoscopic surgery were
included in this study. Postoperative capillary leakage within 24 h was diagnosed
in 14 neonates (25%). The partial pressure of carbon dioxide was an independent
factor influencing the occurrence of postoperative edema within 24 h (P = 0.021).
Overall, 21 cases (37.5%) were diagnosed as postoperative capillary leakage within
48 h, and age was an independent factor influencing the occurrence of
postoperative edema within 48 h (P = 0.027).

Conclusions: According to our findings, we concluded that preventing the elevation
of the partial pressure of carbon dioxide may reduce the occurrence of secondary
capillary leakage within 24 h after thoracoscopic surgery, and that older newborns
are less likely to have secondary capillary leakage within 48 h after thoracoscopic
surgery. Our findings provide evidence that directly informs anesthesia
management for thoracoscopic surgery in neonates.

Clinical trial registration: The study was registered in the Chinese Clinical Trial
Registry (ChiCTR2100054117).
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Clinical implications
What is already known about the topic

o Neonatal thoracoscopic surgery causes little trauma, can
provide a good surgical field, and can prevent the
occurrence of chest wall malformations, chronic pain, and
other short-term and long-term complications; however,
there are few studies on anesthesia management within
neonatal thoracoscopic surgery.

« Neonatal surgery, especially thoracoscopic surgery, is highly
associated with hypercapnia. Although it is currently
believed that hypercapnia does not affect cerebral oxygen
saturation or hemodynamic stability and hence this
hypercapnia seems to be admissible, there are lack of
studies on the safety region for acceptable hypercapnia and
hypercapnia.

What new information this study adds

o Elevated partial pressure of carbon dioxide was an
independent risk factor for secondary capillary leakage
within 24 h after thoracoscopic surgery.

o Age was an independent risk factor for secondary capillary
leakage 48 h after thoracoscopic surgery.

Introduction

Neonatal thoracoscope surgery is conducive to observing
the operative field, with the result of significantly reducing
surgical complications. Moreover, due to the small amount of
trauma caused by thoracoscopy, this surgical procedure can
prevent future postoperative complications, such as chest wall
deformities, scoliosis, and chronic pain in children. However,
performance of neonatal thoracoscopic procedures is currently
limited, especially in developing countries (1). This may be
due to insufficient experience in perioperative anesthesia
management (2) and a lack of research reports providing
guidance and reference data.

The National Children’s Medical Center of China at the
Beijing Children’s Hospital has carried out thoracoscopic
surgery for almost four years. In doing so, we have paid close
attention to the perioperative situation of the operated
neonates. Unfortunately, we found pitting edema in some
cases, mostly in the extremities, accompanied by clinical
symptoms such as hypotension and hemoconcentration. We
had consultation with a range of departments, including
cardiology, nephrology, anesthesiology, and the neonatal
intensive care unit, depending on the clinical manifestations
[such as hypovolemic hypotension, reduced central venous

pressure (CVP), little or no urine, decreased serum albumin,
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increased hemoglobin (Hb), and increased hematocrit (Hct)];
we ruled out cardiogenic edema, nephrogenic edema, and other
possible differential diagnosis but ultimately diagnosed these
neonates with capillary leakage secondary to surgery (3-5).

Capillary leakage has been used to describe a specific series
of disease manifestations associated with increased capillary
permeability to proteins. Diseases that can lead to capillary
leakage include sepsis, idiopathic systemic capillary leak
syndrome (SCLS), and Clarkson’s disease (6). However, the
above diseases were not found in the neonates with postural
edema after thoracoscopic surgery, and these neonates did not
develop acute kidney injury. Therefore, we considered that
these neonates may have capillary leakage secondary to
surgery. More specifically, we speculated that the cause of
capillary leakage was not a specific clinical disease but may
instead have occurred due to changes in perioperative factors
caused by surgery and anesthesia.

This study aimed to discuss the possible influencing factors
for capillary leakage occurring after surgery, including basic
medical and demographic information as well as perioperative
factors associated with anesthesia. Regardless of the cause,
postoperative capillary leakage leads to a prolonged recovery
time for these children, who are at risk of developing more
serious complications, requiring a prolonged intensive care
unit (ICU) stay, and incurring an increased financial burden
on their families. Identifying possible risk factors is conducive
to informing optimal thoracoscopic anesthesia management.

Materials and methods
Study preparation

We retrospectively examined the clinical data of neonates
who had undergone thoracoscopic surgery at Beijing
Children’s Hospital (affiliated with the Capital Medical
University, a National Center for Children’s Health) between
January 2018 and September 2021.

The study protocol complied with the Declaration of
Helsinki and was approved by the Medical Ethics Committee
at Beijing Children’s Hospital [(2021)-E-210-R]. The study
was registered in the Chinese Clinical Trial Registry
(ChiCTR2100054117). The parents or legal guardians of all
enrolled neonates provided their written informed consent for
study participation.

Data collection

Electronic medical record and anesthesia information
system databases (i.e., the JJAHE Medical Record System and
the MEDICALSYSTEM DoCare
System) were queried to obtain case data for all anesthetic

Anesthesia Information
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exposures for neonates (aged <28 days) who underwent
thoracoscopic surgery from January 1, 2018, to September 31,
2021. The patients were evaluated at follow-up visits at 24
and 48h after the operation. Newborns who could not
complete a follow-up visit and those who had edema or renal
function injury before the operation were excluded from the
current study (Figure 1). The authors performed a manual
chart review for each patient included in the study. Data
filtering and validation were performed to identify patients
who met the clinical criteria for capillary leakage, as follows
(3-5, 7):

Patients meeting the following four conditions were
diagnosed with postoperative capillary leakage:

(1) Appearance of pitting edema/anasarca.

(2) Hypovolemic hypotension [mean arterial pressure <MAP>
<gestational age in weeks, and urine volume <1 ml/kg or
central venous pressure (CVP) <2 mmHg].

(3) A serum albumin concentration of <40g/L, or a
concentration that was decreased compared to the
preoperative value, with Hb, Hct, and red blood cell counts
remaining increased or unchanged in laboratory blood tests.

(4) Creatinine levels within the normal range for the
corresponding age (8).

All neonates were subjected to a standardized anesthesia
protocol. Monitoring during the operation was conducted
using electrocardiography as well as blood pressure, peripheral
oxygen saturation (SpO,), temperature, and end-tidal CO,

10.3389/fped.2022.1051069

(EtCO,) readings. For the induction of anesthesia, 1-2 pg/kg
fentanyl, 2-4 mg/kg propofol, and 0.1 mg/kg cis-atracurium or
sevoflurane (3%-8% inspired concentration) was used along
with a 30%-100% fraction of inspired oxygen. After intubated
volume-controlled ventilation was applied (Vt [tidal volume]:
8-10 ml/kg, RR [respiratory rate]: 25-35 bpm [breaths per
minute], LE [inspiratory:expiratory ratio]: 1:1.5-1:1, FiO,
[fraction of inspired oxygen]: 0.8-1, PIP [peak inspiratory
pressure]: 12-20 cmH,0O, PEEP [positive end-expiratory
pressure] 0-4 cmH,0), the ventilation was adjusted according
to blood gas analysis and EtCO, findings. One-lung
ventilation was achieved through endobronchial intubation. It
can be achieved with the aid of fiberoptic bronchoscope and
railroading endotracheal tube into the desired mainstem
bronchus. Anesthesia was maintained with 0-0.2 pg/kg/min
remifentanil and sevoflurane.

Thoracoscopic surgery patients were placed on a heating
mattress in a lateral position. The chest was insufflated with
6-8 mmHg CO, at a flow rate of 4-6 L/min, depending on
the surgical requirements; insufflation was stopped when the
CO, impeded adequate ventilation. The target heart rate was
10% above or below the resting heart rate, and the target
MAP was >35 mmHg. Stable hemodynamics were achieved by
fluid expansion and by regulating the depth of anesthesia.
Pediatric electrolyte supplements injection was used for fluid
expansion, 1000 ml of which contained 37.5g glucose and
2.25 g sodium chloride. The infusion speed was adjusted to
10-20 ml/kg/h according to HR, MAP, and urine volume.

61 neonates (28 days) resived thoracoscopic
surgery from January 1, 2018 to September 31, 2021

Excluded 2 neonates who did
not complete follow-up visit

 J

Excluded 3 neonates with renal
function injury before operation

56 neonates inclued in the study

FIGURE 1
Study enrollment flowchart.
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After operation, all patients were transferred to neonatal
intensive care unit (NICU) with endotracheal intubation. The
physicians used midazolam for sedation (0.02-0.05 mg/kg/h).
After the patient’s circulation was stable and breathing has
reached the extubation standard, tracheal extubation was
performed and patients were transferred to the general ward.
In NICU, balanced salt solution was used for liquid therapy.

Based on clinical experience and discussions with other
physicians, we selected some factors that may presumably lead
to capillary leakage for statistical testing. The demographic
and basic medical data of interest was as follows: age, sex,
weight, surgical procedure, premature birth status, disease
(e.g., jaundice, congenital cardiac dysplasia, pneumonia).

Intraoperative conditions of interest included procedural
duration, anesthesia time, intraoperative hypothermia time,
heart rate, intraoperative hypotension time, one-lung
ventilation, hypoxemia time, the use of steroids, the use of
vasoactive agents, intraoperative fluid management, blood loss,
and the results of intraoperative blood gas analysis.

We defined the procedural duration from the start of the skin
incision to the end of skin suturing. Anesthesia time was defined
as the time from the start of induction to the removal of the
endotracheal intubation. The nasopharynx temperature of the
operated newborns was monitored during the operation. We
defined hypothermia as a temperature of <36°C (9-11). Heart
rate was defined as the mean of heart rate measurements
conducted at time points prior to induction, after intubation, at
the start of surgery (ie, skin resection), at the start of
thoracoscopy, and at the end of surgery. Hypotension was
defined as a 20% drop in the basal MAP, or a MAP that was less
than that for the neonates’ gestational age in weeks (12, 13).
Depending on whether a child cries before induction, a basal
blood pressure reading can be achieved at a quiet time.
Hypoxemia time parameters were defined according to durations
spent at peripheral oxygen saturations of <95% (including values
ranging between 0% and 95%), <90%, and <80% (14).
Intraoperative fluid management was performed with respect to
expansion volume, colloid infusion volume, and urine volume.

Blood gas analysis was performed from arterial blood after
removal of the thoracoscopic trocar. To facilitate statistical
analysis, we selected several values of pH, carbon dioxide
partial pressure (pCO,), base excess (BE), potassium (K"),
and lactate (Lac) readings that may presumably be related to
postoperative capillary leakage according to our clinical
experience. Concurrently, to facilitate a more straightforward
calculation procedure, we only recorded whether BE was
within the normal range (+3).

Statistical analysis

Categorical variables were presented as frequencies and
2 : .
percentages, and y~ tests were used for inter-group comparisons.
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Continuous variables were tested for normality distribution using
the Shapiro-Wilk
calculated for normally distributed data, and independent sample

test. Means +standard ~deviations were
t-tests were used for inter-group comparisons. Medians and
interquartile ranges were used for non-normally distributed data,
with Mann-Whitney U rank sum tests used for inter-group
comparisons. Statistical significance was determined according to
a two-sided P-value of <0.05.

We conducted a binary logistic regression analysis
evaluating the influence of risk factors with a P-value <0.05
showing statistical differences at an o of 0.05. The Hosmere-
Lemeshow goodness-of-fit test was used to examine the
estimated-to-observed likelihood of outcomes.

Results

From January 1, 2018, to September 31, 2021, 61
neonatal thoracoscopic surgeries (61 cases) were performed
medical center, two of which were excluded
their parents/legal did not

advice and the patients were hence discharged

at our

because guardians follow
medical
after surgery for various reasons. In another three cases,
we were unable to determine the cause of edema due to
creatinine levels being higher than the normal index
corresponding to the patient’s age just prior to surgery.
We finally included 56 neonates (Figure 1). The average
age of these newborns was 6 (3,7) days and their mean
weight was 3.03 £0.57 kg.

The operations performed in these patients included
esophageal anastomosis and fistula repair (28/56, 50%),
esophageal (16/56, 28.6%),

diaphragmatic repair (6/56, 16.1%), tracheoesophageal fistula

anastomosis thoracic
repair (1/56, 2%), esophageal anastomosis and fundoplication
(1/56, 2%), and a simple thoracoscopic examination (1/56,
2%); 14 cases (14/56, 25%) were diagnosed with postoperative
capillary leakage within 24 h after surgery and 21 cases (21/
56, 37.5%) were diagnosed with postoperative capillary leakage
within 48 h after surgery through a careful review of their
electronic medical records.

Demographic and clinical characteristics of the included
participants are listed in Table 1. Within 24 h, there were
no statistically significant differences in age, sex, weight,
preterm birth, disease diagnoses (e.g., jaundice, congenital
heart disease, and pneumonia), or surgical procedures
between neonates who did or did not develop secondary
capillary leakage. In addition, there were no statistically
significant difference in fluid intake and fluid balance
between fluid intake and output within 24 h after surgery.
We detected statistically significant differences in pCO, (P
=0.011) and Lac (P=0.013) between patients with and
without postoperative capillary leakage within 24h of

surgery.
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TABLE 1 Demographic and clinic characteristics of the participants.

24 h 48 h

no CL (n=42) CL (n=14) P-value no CL (n=35) CL (n=21) P-value

Age (days) 4 (4,8) 5(3,7) 0.886 5 (4,9) 4 (3,5) 0.009
Sex
Female 13 (31.0%) 4 (28.6%) 1.000 9 (25.7%) 8 (38.1%) 0.329
Male 29 (69.0%) 10 (71.4%) 26 (74.3%) 13 (61.9%)
Weight (kg) 3.04+£0.57 3.00 £0.62 0.821 3.15 (2.6,3.3) 2.85 (2.6,3.4) 0.980

Premature birth

No 38 (90.5%) 11 (78.6%) 0.350 32 (91.4%) 17 (81.0%) 0.406
Yes 4 (9.5%) 3 (21.4%) 3 (8.6%) 4 (19.0%)

Jaundice
No 29 (69.0%) 10 (71.4%) 1.000 24 (68.57) 15 (71.4%) 0.822
Yes 13 (31.0%) 4 (28.6%) 11 (31.4%) 6 (28.6%)

Congenital cardiac anomalies

No 23 (54.8%) 7 (50.0%) 0.757 18 (51.4%) 12 (57.1%) 0.678
Yes 19 (45.2%) 7 (50.0%) 17 (48.6%) 9 (42.9%)

Pneumonia
No 19 (45.2%) 6 (42.9%) 0.877 16 (45.7%) 9 (42.9%) 0.835
Yes 23 (54.8%) 8 (57.1%) 19 (54.3%) 12 (57.1%)

Surgical procedure

EA 13 (31.0%) 3 (21.4%) 0.876 12 (34.3%) 4 (19.1%) 0.186

EA + TFR 19 (45.2%) 9 (64.3%) 13 (37.1%) 15 (71.4%)

EA+F 1 (2.4%) 0 (0.0%) 1 (2.9%) 0 (0.0%)

TFR 1 (2.4%) 0 (0.0%) 1 (2.9%) 0 (0.0%)

DR 7 (16.7%) 2 (14.3%) 7 (20.0%) 2 (9.5%)

ST 1 (2.4%) 0 (0.0%) 1 (2.9%) 0 (0.0%)
Procedural duration (min) 96.9 +24.6 106.8 + 36.1 0.253 95.4 +28.1 106.0 +26.9 0.172
Anesthesia time (min) 1542 +32.4 169.7 +45.2 0.168 152.1 £37.6 168.1 +£32.2 0.108

One-lung ventilation

No 36 (85.7%) 12 (85.7%) 1.000 31 (88.6%) 17 (81.0%) 0.456

Yes 6 (14.3%) 2 (14.3%) 4 (11.4%) 4 (19.1%)

Use of vasoactive drugs

No 38 (90.5%) 11 (78.6%) 0.350 31 (88.6%) 18 (85.7%) 1.000

Yes 4 (9.5%) 3 (21.4%) 4 (11.4%) 3 (14.3%)

Use of steroid hormone

No 16 (38.1%) 8 (57.1%) 0.212 13 (37.1%) 11 (52.4%) 0.265

Yes 26 (61.9%) 6 (42.9%) 22 (62.9%) 10 (47.6%)

(continued)
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24h 48 h
no CL (n=42) CL (n=14) no CL (n=35) CL (n=21)

Hypothermia time (min) 50 (0,80) 35 (0,90) 0.751 30 (0,70) 80 (0,90) 0.225
Heart rate (bpm) 142.4 £ 15.9 1379+ 16.1 0.362 142.0 £ 16.4 140.0 + 154 0.653
Hypotension time (min) 20 (5,55) 40 (5,70) 0.215 20 (5,55) 20 (5,60) 0.708
Hypoxemia time (min)

<95% 45 (10,80) 25 (10,70) 0.424 30 (10,80) 40 (20,70) 0.753

<90% 10 (0,20) 10 (0,20) 0.497 10 (0,20) 10 (0,20) 0.799

<80% 0 (0,10) 0 (0,10) 0.826 0 (0,10) 0 (0,10) 0.835
Expansion volume (mL/kg) 25.2 (18.3,30.8) 17.9 (12.7,54.9) 0.226 24.7 (17.1,30.5) 25.0 (16.4,42.5) 0.565
Colloid infusion volume (mL/kg) 0 (0,0) 0 (0,0) 0.564 0 (0,0) 0 (0,0) 0.439
Urine volume (mL/kg) 3.0 (1.6,4.3) 2.7 (1.7,3.7) 0.583 3.0 (1.6,3.8) 2.9 (1.6,4.1) 0.919
Blood loss (mL/kg) 0.4 (0.3,0.6) 0.6 (0.4,0.7) 0.179 0.4 (0.3,0.6) 0.4 (0.3,0.7) 0.624
pH 7.34 (7.3,7.38) 7.33 (7.29,7.44) 0.677 7.33+0.10 7.35+0.09 0.353
pCO, (mmHg) 412+119 52.4+18.4 0.011 459+13.6 40.94 £ 15.76 0.218
K+ (mmol/L) 3.6 (3.2,3.8) 3.8 (3,4) 0.476 3.8 (3.2,4) 3.3 (3,3.8) 0.133
Lac (mmol/L) 0.8 (0.4,1.1) 1.1 (0.9,2.1) 0.013 0.8 (0.4,1.2) 0.9 (0.8,1.6) 0.228
BE

Normal 35 (83.3%) 11 (78.6%) 0.698 29 (82.9%) 17 (81.0%) 1.000

Abnormal 7 (16.6%) 3 (21.4%) 6 (17.1%) 4 (19.1%)
Fluid intake in first 24 h (ml/kg) 130.0 £35.9 118.5+34.3 0.629
Fluid balance at 24 h (ml/kg) 54.1+454 45.1 +35.8 0.503
Fluid intake in 24-48 h (ml/kg) 119.2 +£24.6 109.3 +21.1 0.659
Fluid balance at 24-48 h (ml/kg) 34.0+325 429 £30.2 0.384
Fluid intake in 48 h (ml/kg) 247.5+38.8 236.4+56.1 0.244
Fluid balance at 48 h (ml/kg) 82.3+59.7 100.4 +53.8 0.695

BE, base excess; CL, capillary leakage; DR, thoracoscopic diaphragmatic repair; EA, esophageal anastomosis; F, fundoplication; K*, potassium; Lac, lactate; pCO,,
partial pressure of carbon dioxide; ST, simple thoracoscopic; TFR, tracheoesophageal fistula repair.

Binary logistic regression was conducted with pCO, and Lac
as independent variables; whether postoperative capillary
leakage occurred within 24 h was considered a dependent
variable. Our results showed that pCO, was an independent
factor influencing the occurrence of postoperative capillary
leakage within 24 h (OR, 1.057; 95% CI, 1.008-1.108; P=
0.021). The Hosmer-Lemeshow goodness-of-fit test was non-
significant (P =0.157), indicating that the model exhibited a
good fit. Moreover, we found a statistically significant
difference in the age (P =0.009) of patients with and without
postoperative  capillary leakage occurring within 48 h.
Moreover, binary logistic regression revealed that age was an
independent factor influencing the occurrence of postoperative
capillary leakage within 48 h (OR, 0.737; 95% CI, 0.562-0.966;

P=0.027) (Table 2).
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TABLE 2 Binary logistic regression for factors affecting postoperative
capillary leakage.

B P OR 95% ClI
Factors within 24 h
pCO, 0.055 0.021 1.057 1.008-1.108
Lac 0.310 0.252 1.363 0.802-2.317
Factor within 48 h
Age —0.305 0.027 0.737 ‘ 0.562-0.966

Cl, confidence interval; Lac, lactate; OR, odds ratio; pCO,, partial pressure of
carbon dioxide.
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Discussion

This study determined that, at our medical center, the
occurrence rates of capillary leakage secondary to surgery
were 25% within 24 h after surgery and 37.5% within 48 h
after surgery. Moreover, we reviewed the electronic medical
sheets of the
risk factors

record information and anesthesia record
included

anesthesia that may lead to the capillary leakage. The results

children to determine related to
presented in Table 2 show that pCO, was an independent
factor influencing the occurrence of postoperative capillary
leakage within 24 h after surgery. In addition, under the
condition of other factors being unchanged, the ratio of
occurrence and non-occurrence of postoperative capillary
leakage within 24 h was increased 1.057-fold given a pCO,
increase of 1 mmHg. Age was also an independent factor
influencing the occurrence of postoperative capillary leakage
within 48 h. With other conditions unchanged, the ratio of
occurrence and non-occurrence of postoperative capillary
leakage within 48 h decreased 0.737-fold for each day of
increased neonate age.

All diseases causing capillary leakage syndrome share a
common pathophysiological abnormality; that is, increased
capillary permeability to proteins (7). The utility of the
endothelium as a barrier between the intravascular and
interstitial spaces depends on the integrity of binding between
adjacent endothelial cells (15). When the bonding between
endothelial cells is broken, the barrier capacity is impaired and
protein-rich fluid is lost from the blood vessels into the
interstitial space (16). Although changes in endothelial cell
connectivity have not been studied with regard to certain causes
of capillary leakage syndrome, the common clinical phenotypes
in these diseases suggest similar molecular pathophysiology (6).

Concurrently, in terms of hemodynamics, loss of protein-
rich fluid from the intravascular space results in intravascular
volume decrease, leading to secondary activation of the renin,
angiotensin, and aldosterone system and the sympathetic
nervous system as well as the release of vasopressin. Sodium
and water retention lead to systemic edema and exudative
serous cavities (17, 18). The depression edema in neonates
after thoracoscopic surgery observed in our study cannot be
explained by other reasons (which may share similar
molecular pathophysiology). We noted that the breaking of
the binding between endothelial cells leads to protein leakage,
and edema may be a manifestation of capillary leakage
occurring secondary to thoracoscopic surgery.

Hypercytokinemia is believed to be the underlying cause of
capillary leakage (16, 19). Cytokines have been shown to
increase vascular permeability by disrupting the adherent
junctions (20, 21). During the capillary leak phase, a soluble
factor in the plasma increases endothelial permeability,
thereby leading to capillary leakage.
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In our study, elevated pCO, in blood gas analysis was an
independent risk factor for capillary leakage within 24 h after
surgery. As mentioned above, the mechanism of capillary
permeability changes may be mediated by cytokine release. In
parallel, studies at the cell level have demonstrated the
profound effect of CO,
pathways, be it effects from CO, itself or from the associated

on multiple diverse signaling

acidosis it generates. In an experiment in adult rats,
IL-18 beta)
overproduction in the hypoxemic blood was found to decrease
tight junctional
endothelial

receptor/interleukin

hypercapnia-induced (interleukin-1

cerebrovascular
(interleukin
eventually

protein  expression in
the IL-1R1/p-IRAK-1
receptor kinase) pathway,

cells  via
resulting in increased blood-brain barrier permeability (22).
Therefore, we conclude that elevated pCO, may affect the
connection of capillary endothelial cells through the induction
of cytokines. The the
relationship between cytokine release and secondary capillary

specific mechanisms mediating
leakage require further study.

During the past decade, thoracoscopic surgery has made
significant advances (23). This surgical method can provide
excellent results with regard to technical aspects (working
space, anatomy, complications) (24), and is considered the
surgical method of choice for a wide range of conditions in
neonates and infants (as opposed to standard thoracotomy).
However, there is a paucity of information on the relevant
intraoperative physiology during the neonatal period and the
corresponding management schemes and concepts in
anesthesia have not yet been developed (23, 25, 26).
Moreover, thoracoscopic ~ surgery presents a larger
physiological challenge for newborns and younger children
(26, 27). Recent evidence suggests that severe intraoperative
acidosis and hypercapnia may occur during advanced
thoracoscopic surgery. Some studies have found that neonates
undergoing operative repair of congenital diaphragmatic
fistula

develop intraoperative acidosis and hypercapnia, wherein the

hernia and esophageal atresia/tracheoesophageal
rate of absorption of CO, during laparoscopy (approximately
20%) seems to be smaller than that during thoracoscopy (28).
Insufflated carbon dioxide passes across the pleural membrane
to be absorbed into the bloodstream. Raised intrathoracic
pressure impairs ventilation, leading to hypercapnia (29-31).
Some surgeons prefer CO, injection during thoracoscopic
repair to create a workspace, as it is non-combustible,
inexpensive, and unlikely to cause embolism (30).

As described above, reversible hypercapnia can occur during
thoracoscopic surgery in children, especially neonates; this is
consistent with our findings in this retrospective study. In the
blood gas analysis of newborns after thoracoscopic surgery,
acidemia was found to occur in 60.7% (34/56) of patients,
whereas hypercapnia occurred in 41.1% (23/56). There are
reports that neonatal cases of congenital diaphragmatic hernia

can tolerate thoracoscopic surgery, despite transient reversible
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deterioration in the acid/base balance (32). A cohort study also
suggested that thoracoscopic repair of congenital diaphragmatic
hernia (CDH) and esophageal atresia (EA) using artificial CO,-
pneumothorax (aims to create a modified surgical field) leads to
severe acidosis in neonates. However, regional cerebral oxygen
saturation (rSO,) remained within clinically acceptable limits
during periods of acidosis. Neurodevelopmental outcomes
were also favorable within the first 24 months in a prior
study, although long-term outcomes in this specific patient
group deserve further investigation (33).

In our study, elevated pCO, was found to increase the risk of
secondary capillary leakage in neonates. Capillary leakage
occurred in 43.4% (10/23) of newborns with hypercapnia
within 24 h after operation. We conclude that the admissibility
of hypercapnia may be due to insufficient research. In the
studies, reversible.  Moreover,

above hypercapnia

hypercapnia may not cause pathological changes during

was

surgery. However, it cannot be excluded that this condition
may be associated with some postoperative complications.
Moreover, the reversibility of hypercapnia may lead anesthetists
to lose sight of necessary vigilance in conducting this procedure.

There is currently no consensus on optimal pCO, levels and
the effectiveness of permissive hypercapnia in newborns (34).
The UK National Institute of Health and Clinical Excellence
(NICE) guidelines support the use of thoracoscopy for the
repair of CDH in neonates, but do not address safety
concerns related to hypercapnia and acidosis. However, these
guidelines encourage collection of data and publication of
results on this procedure. In future studies, we plan to focus
on ventilation strategies with a focus on thoracoscopic
surgeries in neonates. A more targeted anesthesia protocol
needs to be established.

This study also observed that younger neonatal age was an
independent risk factor for capillary leakage occurring within
48 h after surgery. A study in children undergoing open heart
surgery found that smaller patient size (height and weight),
younger age, and longer cardiopulmonary bypass (CPB) time
were incremental risk factors for a rise in total body water
(35). As the timing of neonatal thoracoscopic surgery may be
considered in relation to many aspects, we cannot simply
demand that children have their operation postponed from
the perspective of reducing perioperative complications. The
primary disease in the presenting newborns is the main factor
in the selection of the operation time. However, for some
elective operations, we suggest delaying the operation and
waiting for the children to mature.

Moreover, if children have to undergo thoracoscopic
surgery at a younger age, the occurrence of postoperative
capillary leakage should be vigilantly monitored. For example,
pCO, was determined to be an independent risk factor within
24 h after surgery. However, pCO, did not show a positive
result in the 48 h risk factor analysis. This may be because
capillary leakage within 48 h after operation was more affected
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by postoperative treatment. Physicians in the NICU often first
supplement with a balanced salt solution to maintain
perfusion after identifying postoperatively —hypotensive
newborns; the child then continues mechanical ventilation in
the PICU until the surgeon assesses that the child’s condition
is stable, and no further restriction of activity is required. The
endotracheal intubation is then removed in combination with
an assessment of the child’s respiratory function. We noted
that the duration of endotracheal intubation varies greatly
among newborns. All the above may affect capillary leakage
48 h after surgery. Hence, in the future, we need the
cooperation of doctors in the NICU in order to review a
larger number and greater range of postoperative treatment
records with the goal of informing more optimal surgical
anesthesia management.

Although no statistically significant relationship was found
between intraoperative steroid use and postoperative capillary
leakage in our retrospective study, steroid therapy has
demonstrated efficacy in capillary leakage occurring due to
medications exposure, differentiation syndrome, engraftment
syndrome, and autoimmune diseases. Since capillary leakage is
generally considered a cytokine mediated disease, the benefits
of steroids may be related to their ability to reduce the
expression of multiple cytokines (36).

The current investigation was an observational study
enrolling a small number of cases. In addition, we were
informed by our clinical practice experience at our medical
center. Anesthesiologists tend to have strong personal
preferences for steroid use in clinical practice, though the
dosage range used somewhat differs. Therefore, we believe
that the relationship between steroid hormones and capillary
leakage after neonatal thoracoscopic surgery cannot fully
inform definitive conclusions within our retrospective study.
A prospective cohort study with a rigorous experimental
design is needed to confirm these findings more definitively.

When treating patients with postoperative capillary leakage,
the protocol at our medical center first involves evaluating the
child’s circulation volume and then considers the early use of
diuretics to relieve edema along with enhancement of colloid
rehydration therapy. For some children with severe symptoms,
plasma infusion is also used to increase osmotic pressure. In
general, edema symptoms gradually resolve, and these
symptoms improve after an average of 3 (0,6) days.

Although the long-term complications of postoperative
capillary leakage have not been documented in rigorous
research, the occurrence of postoperative capillary leakage is
known to prolong pediatric patients’ ICU and general hospital
stays and to increase the economic burden on children’s
families based on substantial clinical experience. We noted
that our study findings are provisional and await confirmation
within larger, prospective studies.

Since this was a single-center retrospective study, our results

were limited in many respects. First, all data were derived from
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medical records, and we could not rule out recording deviations
and human error. To reduce human error, we chose more
objective data or data collected directly from the computer
and monitor whenever possible. However, on the other hand,
blood pressure, sPO,, and temperature are recorded every
5min in the anesthesia information system, and the data
collected may differ from the actual situation. Second, the
sample size of this study was limited. In future studies, we
will work with other pediatric surgery centers in order to
recommend a neonatal thoracoscopic anesthesia procedure
based on more comprehensive evidence. Third, we could not
categorize severity except with regard to the duration of
capillary leakage. Cordemans et al. previously used the
capillary leakage index (CLI=CRP (mg/ DL)/serum albumin
(g/L) *100) to calculate the severity of sepia-induced CL (37).
This may not be applicable to the CL secondary to surgery
discussed in this study. Therefore, it is necessary to determine
a new, comprehensively validated severity evaluation indicator.

Conclusions

Elevated pCO, is a risk factor for secondary capillary leakage
occurring within 24 h after surgery. Therefore, prevention of
pCO, increases in neonates undergoing thoracoscopic surgery
is a necessary goal within surgical anesthesia management.
Moreover, age is a risk factor for secondary capillary leakage
within 48 h. Choosing the optimal time to schedule the
operation (according to a range of factors) is beneficial for
preventing the occurrence of postoperative capillary leakage.
More clinical studies and guidelines are needed to improve the
currently ~ practiced anesthesia regimen for neonatal
thoracoscopic surgery in general and to help less-experienced

medical centers perform neonatal thoracoscopic surgery.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Materials, further
inquiries can be directed to the corresponding authors.

References

1. Alslaim HS, Banooni AB, Shaltaf A, Novotny NM. Tracheoesophageal fistula
in the developing world: are we ready for thoracoscopic repair? Pediatr Surg Int.
(2020) 36:649-54. doi: 10.1007/s00383-020-04639-7

2. Diaz LK, Akpek EA, Dinavahi R, Andropoulos DB. Tracheoesophageal fistula
and associated congenital heart disease: implications for anesthetic management
and survival. Paediatr Anaesth. (2005) 15:862-9. doi: 10.1111/j.1460-9592.2005.
01582.x

3. Baloch NU, Bikak M, Rehman A, Rahman O. Recognition and management
of idiopathic systemic capillary leak syndrome: an evidence-based review. Expert
Rev Cardiovasc Ther. (2018) 16:331-40. doi: 10.1080/14779072.2018.1456920

Frontiers in Pediatrics

09

10.3389/fped.2022.1051069

Ethics statement

The studies involving human participants were reviewed
and approved by This study was approved by the Medical
Ethics Committee at Beijing Children’s Hospital [(2021)-E-
210-R]. Written informed consent from the participants’ legal
guardian/next of kin was not required to participate in this
study in accordance with the national legislation and the
institutional requirements.

Author contributions

HL: This author designed the study, conducted the study,
analyzed the data, and wrote and edited the final manuscript;
the author has seen the original study data, reviewed the
analysis of the data, and edited and approved the final
manuscript. FW: This author helped designed the study,
analyze the data, and edit and approve the final manuscript.
JZ: This author helped write the manuscript and edit and
approve the final manuscript. ZG: This author helped write
the manuscript, analyze the data, and approve the final
All authors contributed to the article and
approved the submitted version.

manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the editors
and the reviewers. Any product that may be evaluated in this
article, or claim that may be made by its manufacturer, is not
guaranteed or endorsed by the publisher.

4. Bozzini MA, Milani GP, Bianchetti MG, Fossali EF, Lava SAG. Idiopathic
systemic capillary leak syndrome (Clarkson syndrome) in childhood: systematic
literature review. Eur ] Pediatr. (2018) 177:1149-54. doi: 10.1007/s00431-018-3189-8

5. Arnemann PH, Hessler M, Kampmeier T, Seidel L, Malek Y, Van Aken H,
et al. Resuscitation with hydroxyethyl starch maintains hemodynamic coherence
in ovine hemorrhagic shock. Anesthesiology. (2020) 132:131-9. doi: 10.1097/
ALN.0000000000002998

6. Siddall E, Khatri M, Radhakrishnan J. Capillary leak syndrome: etiologies,
pathophysiology, and management. Kidney Int. (2017) 92:37-46. doi: 10.1016/j.
kint.2016.11.029

frontiersin.org


https://doi.org/10.1007/s00383-020-04639-7
https://doi.org/10.1111/j.1460-9592.2005.01582.x
https://doi.org/10.1111/j.1460-9592.2005.01582.x
https://doi.org/10.1080/14779072.2018.1456920
https://doi.org/10.1007/s00431-018-3189-8
https://doi.org/10.1097/ALN.0000000000002998
https://doi.org/10.1097/ALN.0000000000002998
https://doi.org/10.1016/j.kint.2016.11.029
https://doi.org/10.1016/j.kint.2016.11.029
https://doi.org/10.3389/fped.2022.1051069
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Liu et al.

7. Nong SH. [Neonatal capillary leak syndrome]. Chin ] Contemp Pediatr.
(2020) 22:1056-60 [in Chinese]. doi: 10.7499/j.issn.1008-8830.2004033

8. Aehwn P. Pediatric nephrology. 5th ed. Philadelphia, PA, United States:
Lippincott Williams & Wilkins (2003).

9. Doglioni N, Cavallin F, Mardegan V, Palatron S, Filippone M, Vecchiato L, et al.
Total body polyethylene wraps for preventing hypothermia in preterm infants: a
randomized trial. J Pediatr. (2014) 165:261-266.e1. doi: 10.1016/j.jpeds.2014.04.010

10. Nemeth M, Miller C, Briuer A. Perioperative hypothermia in children. Int
J Environ Res. (2021) 18:7541. doi: 10.3390/ijerph18147541

11. Madar J, Roehr CC, Ainsworth S, Ersdal H, Morley C, Riidiger M, et al.
European resuscitation council guidelines 2021: newborn resuscitation and
support of transition of infants at birth. Resuscitation. (2021) 161:291-326.
doi: 10.1016/j.resuscitation.2021.02.014

12. Sottas CE, Anderson BJ. BP And HR in neonates and preschool children.
Paediatr Anesth. (2016) 26:1064-70. doi: 10.1111/pan.12987

13. Turner NM. Intraoperative hypotension in neonates: when and how should
we intervene? Curr Opin Anaesthesiol. (2015) 28:308-13. doi: 10.1097/ACO.
0000000000000196

14. Schwartz BN, Hom LA, Von Kohorn I, Becker J, Cuzzi SS, Clarke SEG, et al.
Newborn pulse oximetry screening at a community hospital: an 8-year experience.
Pediatrics. (2021) 148:¢2020049847. doi: 10.1542/peds.2020-049847

15. Komarova Y, Malik AB. Regulation of endothelial permeability via
paracellular and transcellular transport pathways. Annu Rev Physiol. (2010)
72:463-93. doi: 10.1146/annurev-physiol-021909-135833

16. Atkinson JP, Waldmann TA, Stein SF, Gelfand JA, Macdonald W], Heck
LW, et al. Systemic capillary leak syndrome and monoclonal IgG gammopathy;
studies in a sixth patient and a review of the literature. Medicine (Baltimore).
(1977) 56:225-39. doi: 10.1097/00005792-197705000-00004

17. Fabregues F, Balasch ], Ginés P, Manau D, Jiménez W, Arroyo V, et al. Ascites
and liver test abnormalities during severe ovarian hyperstimulation syndrome.
American ] Gastroenterol. (1999) 94:994-9. doi: 10.1111/j.1572-0241.1999.01002.x

18. Dhir V, Arya V, Malav IC, Suryanarayanan BS, Gupta R, Dey AB. Idiopathic
systemic capillary leak syndrome (SCLS): case report and systematic review of
cases reported in the last 16 years. Intern Med. (2007) 46:899-904. doi: 10.2169/
internalmedicine.46.6129

19. Clarkson B, Thompson D, Horwith M, Luckey EH. Cyclical edema and
shock due to increased capillary permeability. Am ] Med. (1960) 29:193-216.
doi: 10.1016/0002-9343(60)90018-8

20. Dejana E, Orsenigo F, Lampugnani MG. The role of adherens junctions and
VE-cadherin in the control of vascular permeability. J Cell Sci. (2008)
121:2115-22. doi: 10.1242/jcs.017897

21. Krittgen A, Rose-John S. Interleukin-6 in sepsis and capillary leakage
syndrome. ] Interferon Cytokine Res. (2012) 32:60-5. doi: 10.1089/jir.2011.0062

22. Ding H, Liu X, Li X, Wen M, Li Y, Han Y, et al. Hypercapnia exacerbates the
disruption of the blood-brain barrier by inducing interleukin-1p overproduction
in the blood of hypoxemic adult rats. Int ] Mol Med. (2020) 46:762-72. doi: 10.
3892/ijmm.2020.4604

23. Zeng Q, Zhang ], Zhang N, Chen C, Yu J. Ten years of rapid development of
pediatric thoracic surgery in China. Pediatr Investig. (2019) 3:4-8. doi: 10.1002/
ped4.12119

Frontiers in Pediatrics

10

10.3389/fped.2022.1051069

24. Holcomb GW, Rothenberg SS, Bax KM, Martinez-Ferro M, Albanese CT,
Ostlie DJ, et al. Thoracoscopic repair of esophageal atresia and
tracheoesophageal fistula: a multi-institutional analysis. Ann  Surg. (2005)
242:422-8; discussion 428-430. doi: 10.1097/01.51a.0000179649.15576.db

25. Barroso C, Correia-Pinto J. Perioperative complications of congenital
diaphragmatic hernia repair. Eur ] Pediatr Surg. (2018) 28:141-7. doi: 10.1055/
§-0038-1632374

26. Zoeller C, Ure BM, Dingemann J. Perioperative complications of video-
assisted thoracoscopic pulmonary procedures in neonates and infants. Eur
J Pediatr Surg. (2018) 28:163-70. doi: 10.1055/s-0038-1636917

27. Byon HJ, Lee JW, Kim JK, Kim JT, Kim YT, Kim HS, et al. Anesthetic
management of video-assisted thoracoscopic surgery (VATS) in pediatric
patients: the issue of safety in infant and younger children. Korean
J Anesthesiol. (2010) 59:99-103. doi: 10.4097/kjae.2010.59.2.99

28. Tobias JD. Anaesthetic implications of thoracoscopic surgery in
children. Paediatr Anaesth. (1999) 9:103-10. doi: 10.1046/j.1460-9592.1999.
9220281.x

29. Bishay M, Giacomello L, Retrosi G, Thyoka M, Garriboli M, Brierley J, et al.
Hypercapnia and acidosis during open and thoracoscopic repair of congenital
diaphragmatic hernia and esophageal atresia: results of a pilot randomized
controlled trial. Ann  Surg. (2013) 258:895-900. doi: 10.1097/SLA.
0b013e31828fab55

30. Pierro A. Hypercapnia and acidosis during the thoracoscopic repair of
oesophageal atresia and congenital diaphragmatic hernia. J Pediatr Surg. (2015)
50:247-9. doi: 10.1016/j,jpedsurg.2014.11.006

31. Zani A, Lamas-Pinheiro R, Paraboschi I, King SK, Wolinska ], Zani-
Ruttenstock E, et al. Intraoperative acidosis and hypercapnia during
thoracoscopic repair of congenital diaphragmatic hernia and esophageal atresia/
tracheoesophageal fistula. Paediatr Anaesth. (2017) 27:841-8. doi: 10.1111/pan.
13178

32. Okazaki T, Okawada M, Koga H, Miyano G, Doi T, Ogasawara Y, et al.
Safety of surgery for neonatal congenital diaphragmatic hernia as reflected by
arterial blood gas monitoring: thoracoscopic versus open repair. Pediatr Surg
Int. (2015) 31:899-904. doi: 10.1007/s00383-015-3767-z

33. Costerus S, Vlot J, van Rosmalen J, Wijnen R, Weber F. Effects of neonatal
thoracoscopic surgery on tissue oxygenation: a pilot study on (neuro-)
monitoring and outcomes. Eur ] Pediatr Surg. (2019) 29:166-72. doi: 10.1055/s-
0037-1615277

34. Wong SK, Chim M, Allen J, Butler A, Tyrrell J, Hurley T, et al. Carbon
dioxide levels in neonates: what are safe parameters. Pediatr Res. (2022)
91:1049-56. doi: 10.1038/s41390-021-01473-y

35. Maehara T, Novak I, Wyse RK, Elliot M]J. Perioperative monitoring of total
body water by bio-electrical impedance in children undergoing open heart
surgery. Eur ] Cardiothorac Surg. (1991) 5:258-64; discussion 265. doi: 10.1016/
1010-7940(91)90174-1

36. Almawi WY, Beyhum HN, Rahme AA, Rieder MJ. Regulation of cytokine
and cytokine receptor expression by glucocorticoids. J Leukoc Biol. (1996)
60:563-72. doi: 10.1002/j1b.60.5.563

37. Cordemans C, De Laet I, Van Regenmortel N, Schoonheydt K, Dits H,
Huber W, et al. Fluid management in critically ill patients: the role of
extravascular lung water, abdominal hypertension, capillary leak, and fluid
balance. Ann Intensive Care. (2012) 2:S1. doi: 10.1186/2110-5820-2-S1-S1

frontiersin.org


https://doi.org/10.7499/j.issn.1008-8830.2004033
https://doi.org/10.1016/j.jpeds.2014.04.010
https://doi.org/10.3390/ijerph18147541
https://doi.org/10.1016/j.resuscitation.2021.02.014
https://doi.org/10.1111/pan.12987
https://doi.org/10.1097/ACO.0000000000000196
https://doi.org/10.1097/ACO.0000000000000196
https://doi.org/10.1542/peds.2020-049847
https://doi.org/10.1146/annurev-physiol-021909-135833
https://doi.org/10.1097/00005792-197705000-00004
https://doi.org/10.1111/j.1572-0241.1999.01002.x
https://doi.org/10.2169/internalmedicine.46.6129
https://doi.org/10.2169/internalmedicine.46.6129
https://doi.org/10.1016/0002-9343(60)90018-8
https://doi.org/10.1242/jcs.017897
https://doi.org/10.1089/jir.2011.0062
https://doi.org/10.3892/ijmm.2020.4604
https://doi.org/10.3892/ijmm.2020.4604
https://doi.org/10.1002/ped4.12119
https://doi.org/10.1002/ped4.12119
https://doi.org/10.1097/01.sla.0000179649.15576.db
https://doi.org/10.1055/s-0038-1632374
https://doi.org/10.1055/s-0038-1632374
https://doi.org/10.1055/s-0038-1636917
https://doi.org/10.4097/kjae.2010.59.2.99
https://doi.org/10.1046/j.1460-9592.1999.9220281.x
https://doi.org/10.1046/j.1460-9592.1999.9220281.x
https://doi.org/10.1097/SLA.0b013e31828fab55
https://doi.org/10.1097/SLA.0b013e31828fab55
https://doi.org/10.1016/j.jpedsurg.2014.11.006
https://doi.org/10.1111/pan.13178
https://doi.org/10.1111/pan.13178
https://doi.org/10.1007/s00383-015-3767-z
https://doi.org/10.1055/s-0037-1615277
https://doi.org/10.1055/s-0037-1615277
https://doi.org/10.1038/s41390-021-01473-y
https://doi.org/10.1016/1010-7940(91)90174-I
https://doi.org/10.1016/1010-7940(91)90174-I
https://doi.org/10.1002/jlb.60.5.563
https://doi.org/10.1186/2110-5820-2-S1-S1
https://doi.org/10.3389/fped.2022.1051069
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Risk factors for anesthesia-associated postoperative capillary leakage after thoracoscopic surgery in neonates: A single-center observational study
	Clinical implications
	What is already known about the topic
	What new information this study adds

	Introduction
	Materials and methods
	Study preparation
	Data collection
	Statistical analysis

	Results
	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


