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Introduction

Small infants especially in the lateral recumbent position may not tolerate changes in

respiratory and cardiovascular parameters (mainly a decrease in PaO2, an increase in

PaCO2, decrease in oxygen index (OI), increase in pulmonary arterial blood pressure,

and increase in intracardiac shunt). The respiratory and cardiovascular changes may

be even more pronounced during thoracic surgeries in these infants. So far, no study

has compared two-lung ventilation (TLV) with single-lung ventilation (SLV) during video-

assessed thoracoscopic surgery (VATS) in small infants with respect to respiratory and

cardiovascular parameters. The aim of this study was to compare TLV with SLV during

VATS in infants undergoing repair of congenital diaphragmatic hernia (CDH).

Patients and methods

Forty patients comprising 22 boys and 18 girls with CDH requiring VATS were

included in the study. The patients were randomly divided into two equal groups: group

1 (TLV) in which two-lung ventilation was used and group 2 (SLV) in which single-lung

ventilation was used. Respiratory and hemodynamic parameters were assessed

at various stages during the surgical procedure. Respiratory parameters included

the following: arterial blood gases (pH, PaO2, and PaCO2), SpO2%, end-tidal CO2

(EtCO2), peak airway pressure (PAW), and OI. Hemodynamic parameters included

the following: systolic blood pressure (BP), central venous pressure, pulmonary artery

pressure, and shunt fraction (P/S).

Results

With regard to the respiratory parameters, in group 1 (TLV) there was a statistically

significant decrease in pH and an increase in OI in the lateral position with CO2

insufflation when compared with baseline values. In group 2 (SLV), there was

a statistically significant decrease in pH and an increase in PaCO2/EtCO2/OI values in

the lateral position with CO2 insufflation when compared with baseline values. With

regard to hemodynamic parameters, in both groups there was a statistically significant

increase in central venous pressure values in the lateral position with CO2 insufflation

when compared with baseline values. Comparison of the studied respiratory and

hemodynamic variables between the two groups revealed no statistically significant

difference throughout the procedure. When SLV was used in group 2, it allowed better

field visualization as reported by surgeons and there was a statistically significant

decrease in operative time.

Conclusion

The use of SLV during thoracoscopic CDH repair allowed better visualization of the

operative field, resulting in shorter operative time without any detrimental effect on

hemodynamic and/or respiratory variables. SLV seems to be a feasible alternative

during these procedures. Further studies are warranted to determine the safety of

using this technique in children with CDH complicated by pulmonary hypertension.
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Introduction

The application of thoracoscopy can be traced back to

nearly 100 years when Dr Jacobaeus (1910) first reported

his experiences in the diagnosis and treatment of pleural

effusions using a thoracoscope in 1909 [1]. The video-

assisted imaging system magnifies the image when

performing thoracoscopy and shares the images with

all surgical team members performing this procedure,

as a result of which video-assisted thoracoscopic
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surgery (VATS) has gained importance among thoracic

surgeons [2,3].

Pediatric surgery should be a minimally invasive, entailing

shorter hospitalization, faster recovery, minimal pain and

discomfort during the postoperative period, and better

cosmetic results [4]. With the introduction of VATS in

pediatric surgery, single-lung ventilation (SLV) has

become a prerequisite for optimizing the visualization

of the operative field and minimizing injury to the

lung parenchyma [5]. In contrast, children, especially

small infants, in the lateral recumbent position may not

tolerate the changes in respiratory and cardiovascular

parameters [mainly a decrease in PaO2, an increase in

PaCO2, decrease in oxygen index (OI), increase in pulmo-

nary artery pressure (PAP), and increase in intracardiac

shunt]. However, some researchers believe that the

collapse of the operative lung may help in decreasing

the ventilation/perfusion mismatch and improve OI [6].

We are not aware of any studies comparing the two

techniques of ventilation, namely, two-lung ventilation

(TLV) and SLV, during VATS in children undergoing

thoracic surgery. The aim of this study was to compare

TLV with SLV during VATS in children undergoing repair

of congenital diaphragmatic hernia (CDH).

Patient and methods
This study was conducted in the children’s hospital of the

faculty of medicine at Cairo University between July 2008

and August 2010. After obtaining approval from the

medical and ethical committees and informed consent

from parents, 40 child diagnosed with CDH and assigned

for thoracoscopic repair were included in the study.

Children were admitted to the neonatal and pediatric

surgical ICUs for preoperative assessment and prepara-

tion. Children were randomly assigned to one of the study

groups using an odd or even number.

Study groups

Group 1 comprised 20 children undergoing TLV and

group 2 comprised 20 children undergoing SLV.

Inclusion criteria

Male and female children diagnosed with CDH and

assigned for VATS were eligible for inclusion in the study.

Exclusion criteria

Premature infants (o36 weeks of gestation), low-birth-

weight infants (o3 kg), children on mechanical ventila-

tion with severe pulmonary hypoplasia – as evidenced by

(1) PaO2 less than 100 mmHg on FiO2 = 1, (2) PaCO2

greater than 50 mmHg, and (3) alveolar arterial oxygen

difference greater than 300, which coincided with greater

than 12% shunt – and children with other congenital

abnormalities (e.g. congenital heart disease) were ex-

cluded from the study.

Preoperative preparation

All patients were subjected to the following:

(1) Detailed medical history obtained from the parents.

(2) Full clinical examination.

(3) Secure intravenous line placement.

(4) Arterial cannulation of the radial artery for blood gas

analysis and continuous BP monitoring.

(5) Insertion of a nasogastric tube to deflate the stomach.

(6) Chest x-ray.

(7) Echocardiographic examination for estimation of PAP

and the degree of intracardiac shunt (P/S).

(8) Laboratory investigation: complete blood count, liver

function tests, kidney function tests, and serum

electrolytes.

Intraoperative care

Monitors such as a precordial stethoscope, pulse oxi-

meter, ECG, noninvasive BP monitor, and temperature

probe were attached before induction of anesthesia.

An intravenous dose of atropine (0.01 mg/kg) was given to

achieve vagolysis and antisialagogue effects. An antie-

metic (intravenous Metoclopramide 0.15 mg/kg) and an

H2 antagonist (intravenous Ranitidine 0.25–1.0 mg/kg)

were administered to patients at high risk of aspiration.

Sevoflurane 5 in 100% oxygen was used for induction of

anesthesia. Vecuronium 0.1 mg/kg was used to facilitate

endotracheal intubation. Isoflurane 0.5 in 100% oxygen

was used to maintain anesthesia, as it does not alter

hypoxic pulmonary vasoconstriction in the collapsed

lung [7]. Fentanyl 1–2 mg/kg was used for analgesia.

Intubation technique

Group 1 (two-lung ventilation)

A standard endobronchial tube measuring 3 mm ID for

newborns and 3.5 mm ID for older infants was used.

Auscultation of bilateral breath sounds was done

to confirm position.

Group 2 (single-lung ventilation)

A fiberoptic bronchoscopic-guided placement (Karl

Storz) of an endobronchial tube with an ID 0.5 mm

smaller than what is appropriate for age was performed.

The tip of the tube was advanced to the mainstem of the

dependent lung (to achieve SLV and allow collapse of the

nondependent operative lung). In infants who required

an endotracheal tube smaller than 3 mm ID, a blind

endobronchial intubation was performed and the position

of the endotracheal tube was checked by auscultation of

breath sounds on the dependent lung and their absence

on the nondependent lung.

Ventilation was carried out using a pediatric ventilator in

pressure control mode (o20 cmH2O) aiming for a tidal

volume of 4–5 ml/kg and a frequency of 30. A central

venous catheter was inserted and central venous pressure

(CVP) monitoring was started. A volume of 8–10 ml/kg/h

of lactated Ringer’s solution was infused in addition to

additional amounts as needed for compensation of any

losses.
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After establishing mechanical ventilation and confirming

endotracheal tube position, the child was turned to the

lateral recumbent position and the entire chest was

prepared from spine to sternum. The first trocar of the

thoracoscope was inserted in the anterior axillary line in

the fourth intercostal space. Insufflation of CO2 was

initiated at 5 mmHg and inflation rate of 1 l/min. Changes

in respiratory parameters were re-examined and mechan-

ical ventilation settings were adjusted with the initiation

of CO2 insufflation. Two additional trocars were inserted

and visualization was achieved. At the end of VATS the

child was turned to the supine position. Neostigmine

0.05 mg/kg and atropine 0.02 mg/kg were given intrave-

nously to reverse the neuromuscular blockade. The child

was extubated if the following criteria were fulfilled:

Respiratory criteria

(1) PaO2/FiO2 ratio greater than 200.

(2) Normal PaCO2 (35–45 mmHg).

(3) Patient was able to make adequate effort for inspiration.

(a) Tidal volume greater than 5 ml/kg.

(b) Respiratory rate less than 40 breaths/min.

Cardiovascular criteria

Systolic BP above 65 mmHg, without vasopressors or with

minimal vasopressor support (e.g. dopamine <5mg/kg/min).

Adequate mental status

The patient was arousable and was able to maintain an

open upper airway spontaneously.

Absence of correctible comorbid conditions

The patient was afebrile. No significant electrolyte

abnormalities. If the above criteria were not met, post-

operative mechanical ventilation was continued in the

ICU. An echocardiographic study was conducted immedi-

ately in the postoperative period to assess the pulmonary

blood pressure (PAP) and the degree of intracardiac shunt

(P/S). The following study parameters were collected:

Respiratory parameters

(1) Blood gas analysis including pH, PaO2, PaCO2, and

SpO2%.

(2) Oxygenation index (OI) [8]:

OI¼FiO2�mean airway pressure�100/PaO2:

Increase in OI mean that PaO2 is low which means bad

oxygenation to the tissues, and decrease in OI means

good oxygenation of the tissues.

(1) End-tidal CO2 (EtCO2).

(2) Peak airway pressure (PAW).

Cardiovascular parameters

(1) Invasive systolic BP.

(2) CVP.

The above parameters were recorded at the following

intervals:

(1) With the patient in the supine position during TLV

before surgical incision.

(2) With the patient in the supine position 3 min after

starting SLV in group 2 or TLV in group 1.

(3) With the patient in the lateral recumbent position

before surgical incision and CO2 insufflation.

(4) With the patient in the lateral recumbent position

after surgical incision and CO2 insufflation.

(5) With the patient in the supine position after surgical

wound closure and termination of VATS.

The degree of operative field exposure during VATS was

assessed and recorded by the surgeon and compared

between the two groups.

The outcome measures

The primary outcome measures were the comparisons

of the respiratory parameters (pH, PaO2, PaCO2, SpO2%,

EtCO2, and OI) and the hemodynamic parameters (systolic

BP, CVP, PAP, and shunt) between the TLV and SLV

groups. The secondary outcome measure was the compar-

ison of the total operative outcome between the two groups.

Statistical analysis

Data were represented as means ± SD. The repeated-

measures analysis of variance test was used to compare

variables within the same group. Post-hoc tests were used

in analysis of variance-positive cases. The unpaired t-test

was used to compare variables between the two studied

groups. Statistical analysis was performed using the

statistical package SPSS software (Statistical Package

for the Social Sciences, version 15; Echosoft Corp.,

Agoura hills, California, USA).

Results were considered statistically significant if P value

was less than 0.05.

Results
A total of 40 patients comprising 22 boys and 18 girls with

CDH underwent VATS repair. The patients’ ages ranged

from 1.5 to 21 months (mean of 9.22 ± 6.00 month). Their

body weights ranged from 4 to 15 kg (mean of 8 ± 3.16 kg).

Demographic data of the studied patients

Group 1 two-lung ventilation

This group included 10 male and 10 female patients

and their ages ranged from 2.5 to 19 months (mean

9.15 ± 5.47 months). Their weights ranged from 4 to

13 kg (mean 7.7 ± 2.47 kg).

Table 1 Demographic characters of the study patients

Group 1 Group 2

Range Mean SD Range Mean SD

Age (month) 2.5–19 9.15 5.47 1.5–21 9.3 6.79
Weight (kg) 4–13 7.7 2.74 4–15 8.3 3.66
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Table 2 Respiratory parameters of group 1 (two-lung ventilation) patients

Supine 0 Supine 3 Lateral Lateral + insufflation End

Group 1 Mean SD Mean SD Mean SD Mean SD Mean SD

pH 7.38 0.2 7.4 0.18 7.4 0.02 7.33 0.26 7.39 0.04
PaO2 332.2 56.61 351.3 68.09 317.5 54.26 268.1 86.74 298.6 89.00
PaCO2 35.1 2.42 32.4 3.74 34.7 4.57 39.2 8.28 35.4 5.33
SpO2% 99.9 0.31 100 0.00 100 0.00 99.4 0.26 99.7 0.15
EtCO2 34.2 4.10 31.5 4.40 32.2 4.29 36 5.49 35 3.49
PAW 8.4 1.71 8.2 1.81 9.5 1.90 10.6 2.06 8.2 1.39
OI 2.62 0.82 2.47 0.91 3.12 1.06 4.75 2.94 3.04 1.64

EtCO2, end-tidal CO2; OI, oxygen index.

Table 3 Respiratory parameters of group 2 (single-lung ventilation) patients

Supine 0 Supine 3 Lateral Lateral + insufflation End

Group 2 Mean SD Mean SD Mean SD Mean SD Mean SD

pH 7.38 0.03 7.41 0.04 7.4 0.05 7.32 0.04 7.35 0.03
PaO2 352.7 41.09 343.2 37.5 287.6 17.08 267.2 18.36 293 47.65
PaCO2 32.7 3.65 30.5 4.83 33 5.39 42.1 2.80 37.2 3.64
SpO2% 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00
EtCO2 30.1 3.81 28.4 5.27 30.1 4.74 38.2 3.61 33.9 4.30
PAW 8.1 1.59 8.2 1.55 8.9 1.52 10.1 2.18 8.4 1.57
OI 2.36 8.72 2.43 0.66 3.10 0.57 3.77 0.80 2.91 0.73

EtCO2, end-tidal CO2; OI, oxygen index.
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Group 2 single-lung ventilation

This group included 12 male and eight female patients

and their ages ranged from 1.5 to 21 months (mean

9.3 ± 6.79 month). Their weights ranged from 4 to 15 kg

(mean 8.3 ± 3.66 kg) (Table 1).

Respiratory parameters

Group 1 ( two-lung ventilation)

Respiratory parameters of group 1 patients are presented

in Table 2.

There was a statistically significant decrease in pH values

when patients were in the lateral position with CO2

insufflation when compared with baseline values. Also,

there was a statistically significant increase in OI values

when patients were in the lateral position with CO2

insufflation and a decrease in PaO2 values when patients

were in the lateral position with CO2 insufflation when

compared with baseline values; however, this was not

statistically significant. There were no other statistically

significant changes from baseline values in the other

studied respiratory parameters.

Group 2 (single-lung ventilation)

Respiratory parameters of group 2 patients are presented

in Table 3.

There was a statistically significant decrease in pH values

when patients were in the lateral position with CO2

insufflation when compared with baseline values

(P = 0.027). There was a significant statistical increase

in PaCO2 and EtCO2 values when patients were in the

lateral position with CO2 insufflation when compared

with baseline values (P = 0.001). There was a statistically

significant increase in OI values when patients were in

the lateral position with CO2 insufflation when compared

with baseline values (P = 0.007). A decrease in PaO2

values was seen when patients were in the lateral position

and when they were in the lateral position with CO2

insufflation when compared with baseline values, but this

was not statistically significant. There were no other

statistically significant changes from baseline values in

the other studied respiratory parameters.

Comparison between the two groups

Comparison of the studied respiratory variables between

the two groups revealed no statistically significant dif-

ferences throughout the procedure (Figs 1–7). OI values

were slightly higher in group 1 (TLV) when compared

with group 2 (SLV) but this was not statistically

significant.

Hemodynamic parameters

Group 1 (two-lung ventilation)

Hemodynamic parameters of group 1 patients are pre-

sented in Table 4.

There was a statistically significant increase in CVP

values in the lateral position with CO2 insufflation when

compared with baseline values (P = 0.17). There was a

minor decrease in systolic BP values when patients were

in the supine position 3 min after starting TLV but this

was not statistically significant. There were no other

statistically significant changes from baseline values in

the other studied hemodynamic parameters.

Figure 5
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Group 2 (single-lung ventilation)

Hemodynamic parameters of group 2 patients are

presented in Table 5.

There was a statistically significant increase in CVP

values in the lateral position with CO2 insufflation when

compared with baseline values (P = 0.012). There were

no other statistically significant changes from baseline

values in the other studied hemodynamic parameters.

Comparison between the two groups

Comparison of the studied hemodynamic variables be-

tween the two groups revealed no statistically significant

differences throughout the procedure (Figs 8–11). Systolic

BP values were lower in group 1 (TLV) when compared

with group 2 (SLV) at all measuring intervals, except in the

lateral position with CO2 insufflation, but this was not

statistically significant. Also, P/S values were lower in group

1 when compared with group 2 without a statistical

significance. CVP values were higher in group 1 (TLV)

when compared with group 2 (SLV) at all measuring

intervals, except in the supine position before surgical

incision, but this was not statistically significant. Also, PAP

values were higher in group 1 when compared with group 2

without statistical significance.

Discussion
CDH is an abnormal opening in the diaphragm that

causes part of the abdominal organs to move up into the

chest cavity. The malformation occurs before birth during

fetal development. Diaphragmatic hernia occurs with a

frequency of 1/3000 births with a survival rate of 50% of

the children born alive. There are several types of CDH,

including Bochdalek, Morgagni, and eventration of the

diaphragm [1].

Many neonatal surgeries can be performed through

thoracoscopy: for example, for treatment of CDH,

tracheoesophageal fistula, and patent ductus arteriosus

[9]. The introduction of a video-assisted imaging system

amplifies the function of thoracoscopy. It can magnify the

image with the aid of better instruments and also share

Table 4 Hemodynamic parameters of group 1 (two-lung ventilation) patients

Supine 0 Supine 3 Lateral closed Lateral + insufflation End

Group 1 Mean SD Mean SD Mean SD Mean SD Mean SD

Systolic BP 82.9 14.83 79.1 13.17 79.5 13.76 89.9 13.92 81.3 12.69
CVP 5.3 3.02 7.3 1.49 8 1.56 9.6 1.89 7.2 1.39
PAP 28.6 6.57 NA NA NA NA NA NA 28.6 6.57
P/S 1.13 0.06 NA NA NA NA NA NA 1.13 0.06

BP, blood pressure; CVP, central venous pressure; NA, not available; PAP, pulmonary artery pressure.

Table 5 Hemodynamic parameters of group 2 (single-lung ventilation) patients

Supine 0 Supine 3 Lateral closed Lateral + insufflation End

Group 2 Mean SD Mean SD Mean SD Mean SD Mean SD

Systolic BP 90.3 15.33 82 13.25 79.8 13.48 87.3 10.76 85.9 12.78
CVP 6.8 1.40 6.8 1.40 7.5 1.17 9.5 1.71 6.8 0.91
PAP 28.3 4.85 NA NA NA NA NA NA 28.3 4.85
P/S 1.28 0.16 NA NA NA NA NA NA 1.28 0.16

BP, blood pressure; CVP, central venous pressure; NA, not available; PAP, pulmonary artery pressure.
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the images with all surgical team members performing

this procedure [10].

To the best of our knowledge, there have been no reports

on the cardiovascular and respiratory effects of SLV in

pediatric patients with CDH using VATS. The technique

for SLV in the present study was selective endobronchial

intubation. The underlying mechanisms of maintaining

PaO2 during SLV may be explained by the fact that the

intrapulmonary shunt did not increase with SLV as the

ipsilateral lung was partially hypoplastic.

In CDH, the persistent pulmonary hypertension, lung

hypoplasia, and pulmonary vasculature hyperactivity are

additional confounding factors in the management of the

increased CO2 load. Any significant acidosis may increase

shunting and worsen the pulmonary hypertension, lead-

ing to deleterious effects on systemic perfusion pressures,

ventilation, and oxygenation. In this study, the pH and

PaCO2 values remained relatively unaffected by CO2

insufflation in both groups. This is in agreement with the

results of Tonz et al. [11] on neonatal piglets, which

demonstrated efficient autoregulation of the pulmonary

circulation during SLV, and with the results of McHoney

et al. [12] who compared 35 children undergoing open

repair of CDH with 13 children undergoing thoracoscopic

CDH repair, demonstrating no pH or PaCO2 difference

between the study groups [12,13].

In contrast, Bliss et al. [13] reported their experience in

CO2 management during thoracoscopic CDH repair in

neonates. In that study, the highest mean PaCO2 was

78 ± 29 mmHg. However, in our study, the highest mean

PaCO2 was 42.1 ± 2.8 mmHg in group 2, which was

comparable to PaCO2 levels in group 1. The near-normal

CO2 level that was observed in our work could be

explained by the differences in exclusion criteria between

the two studies, as we did not include patients with

severe pulmonary hypertension.

The hemodynamic pathophysiologic effects of capnothor-

ax and hypercapnia intraoperatively are complex.

Mukhtar et al. [14] suggested a beneficial effect of hyper-

capnia by increasing cardiac output in a group of children

having thoracoscopic patent ductus ligation. We found

that there was no hemodynamic instability in either group

throughout the procedure. In line with our result, Ellinas

and Seefelder [15] did not notice any hemodynamic

instability despite using higher CO2 insufflation pressure

levels up to 10 mmHg [7].

The effects of hypercapnia on cerebral perfusion have not

been fully investigated. Hypercapnia may alter cerebral

metabolism independent of any effect on brain oxygena-

tion. When neonatal piglets were well oxygenated but

exposed to increasing levels of CO2 for 6 h, there was

a decrease in ATP generation, phosphorylation of transcrip-

tion factors, and increased apoptosis in the brain [7].

The safety of capnothorax during thoracoscopy is parti-

cularly important in CDH patients who are known to

have significant long-term neurologic consequences [16].

Accordingly, in our study we maintained normocarbia

throughout the procedure.

In the current study, the surgeons reported that SLV

allowed better visualization of the surgical field with less

trauma to lung tissue. In contrast to our finding, Ellinas

and Seefelder [15] reported that lung isolation was not

required during thoracoscopic repair of CDH as the low

compliance of the hypoplastic ipsilateral lung prevents

lung distention [7].

In conclusion, we believe that the use of SLV during the

VATS procedure for CDH repair is a feasible option that

allows better visualization of the operative field and

results in short operative time without any detrimental

effect on the hemodynamic and/or respiratory variables.

Further studies are warranted to determine the safety of

using this technique in children with CDH complicated

by pulmonary hypertension.
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