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The Influence of Positive End-Expiratory Pressure
and Pneumoperitoneum on Lung Ventilation
Parameters in Pediatric Laparoscopic Surgery
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the dependent regions of the lung due to  Prospective, observational study (IRB##2023/

various factors, including the effect of posi-  ST/099, Comitato Etico Milano Area 1), including
tive pressure ventilation. Functional residual capac-  patients aged 0-18 years undergoing laparoscopy
ity (FRC) and respiratory system compliance (Crs)  after written informed consent from a legal guardian
decrease' as the decreased tone of the diaphragm  and assent for patients >5 years. Patients were cat-
shifts abdominal viscera toward the thorax. These  egorized according to age into 4 categories: Infant/
changes may be more pronounced in pediatric =~ Toddler (0-2 years); Early Childhood (3-6 years);
patients as the ribcage offers less resistance to lung ~ School Age (7-12 years); and Adolescence (13-18
collapse.? years).

Laparoscopic procedures are increasingly com- Anesthesia was induced with propofol, fentanyl,
mon in pediatrics. Pneumoperitoneum (PP) causes an ~ and rocuronium and maintained with a continuous
upward shift of the diaphragm, decreasing chest wall ~ infusion of propofol and remifentanil.
compliance (Ccw) and lung volumes.? Six timepoints (TO-T6) were defined for data col-

Electrical impedance tomography (EIT) is a non-  lection (Figure A):
invasive technique capable of detecting real-time
regional changes in lung ventilation distribution.*

The aim of this study was to describe the variations
in regional ventilation distribution and Crs in pediat-
ric patients undergoing laparoscopy at different PEEP

( ; eneral anesthesia can induce atelectasis in METHODS

¢ TO: Before induction, spontaneous breathing (SB).
e T1: Mechanical ventilation with PEEP 5 cmH20.
e T2: PEEP 10 cmH20.

e T3: Five minutes after PP establishment with

levels across ages PEEP 5 cmH20.
We hypothesized that PP and positive end- d géEgelr(l) CIIIII:IIEII;C&;S after PP establishment with

expiratory pressure (PEEP) will significantly alter

ventilation distribution and Crs in pediatric patients. ¢ T5: After abdominal deflation.

e T6: SB after extubation.
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A. Gemelli”, Rome, Italy; || C(.entro di Salute Globale,. Ur.uversna Cattohca. ratio =1:2, and respiratory rate (RR) adjusted to
del Sacro Cuore, Rome, Italy; {Department of Pediatric Surgery, Buzzi X R . .

Children’s Hospital, Milan, Ttaly; and #Department of Biomedical and ~ achieve an end-tidal carbon dioxide (ETCO2) 40 +
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Pediatric Ventilation Distribution
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Figure. Main outline and results of the study. A, Timeline of the study. B, Relationships of Crs and BMI across the study timepoints.C,
Modifications of Crs and regional lung ventilation across the timepoints of the study and age categories. BMI indicates body mass index;
Crs, static respiratory compliance; AR driving pressure; PEER positive end-expiratory pressure; PIR peak inspiratory pressure; P, plateau
pressure; ROI, region of interest.

region of interest (ROI) was divided into 4 ROIs with
equal height. Ventilation distribution of each ROI
was expressed as percentage of total Tidal Volume
Variation.

Statistical Analysis and Sample Size

Based on a previous study® conducted in adults
that demonstrated changes in Crs during lapa-
roscopy with a sample of 12 patients, we decided

Table 1. Demographics and Ventilatory Parameters Across Age Categories, Measured at T1.

Infant/toddler

n (%) 14 (18%)

Age, years 1.0 (0.5; 1.3)
Height, m 0.75 (0.6; 0.82)
Weight, kg 9.1 (6.0; 10.0)
BMI, kg/m? 17.0 (15.1; 18.3)
Tv, ml 94 (60; 100)
Tv/kg (IBW) 9.4 (8.3; 10.0)
Crs, ml-cmH20? - kg 1.00 (0.855 1.072)
PIR cmH20 19.5 (19.0; 21.0)
PeLar, cMH20 11.3 (11.0; 15.0)
AR cmH20 6.1 (6.0; 9.0)

Early childhood
13 (17%)

6.0 (5.0; 6.0)
1.150 (1.1; 1.2)
20.0 (18.0; 23.0)
15.1 (14.5; 17.4)
180(144; 230)
9.2 (7.2; 10.0)
1.03 (0.93; 1.21)
22.0 (18.0; 25.0)
11.0(8.0; 12.1)
6.0 (3.0; 7.1)

School age

26 (33%)

9.0 (8.0; 11.0)
1.4 (1.3; 1.5)
31.0 (26.0; 39.0)
16.1 (14.7; 19.9)
300 (250; 360)
9.0 (7.7; 11.1)
1.15(1.01; 1.31)
21.0 (19.0; 22.0)
10.3 (9.0; 12.0)
4.8 (4.0; 7.0)

Adolescence

26 (36%)

14.0 (14.0; 15.5)
1.7 (1.6; 1.8)
56.0 (49.0; 70.0)
18.4 (17.7; 20.7)
500 (470; 560)
9.0 (7.6; 9.1)
1.13 (1.04; 1.21)
18.5 (17.0; 19.5)
9.0(8.0; 9.0)

4.0 (3.0; 4.0)

Total

79 (100.0%)
9.0 (5.0; 14.0)
1.4 (1.1; 1.65)
30.0 (20.0; 51.0)
17.5 (14.9; 19.8)
290 (170; 490)
9.0 (7.7; 10.0)
1.11 (1.00; 1.24)
19.0 (18.0; 22.0)
10.0 (8.7; 12.0)
4.8(3.6; 7.0)

Abbreviations: AR driving pressure; Crs, state respiratory system compliance; Pplat, plateau pressure; PIR peak inspiratory pressure.

Table 2. ROIs Ventilation Modifications Across Timepoints.

ROI'1, %
ROI 2, %
ROI 3, %
ROI 4, %

TO SB pre induction
12.67 (£3.40)
37.70 (£6.83)
39.65(+6.64)

9.87 (£3.70)

T1 PPV PEEP 5
18.21(+3.78)
41.24 (+5.55)
33.53 (+5.64)
7.12 (+2.80)

T2 PPV PEEP 10
16.265(+3.49)
42.16 (+4.34)
34.43 (+4.84)
7.164 (+2.15)

T3 PP PEEP 5
20.03 (+5.78)
31.75(+8.59)
38.00 (+8.71)
10.22 (+4.65)

T4 PP PEEP 10
19.67 (+5.90)
31.46 (+7.50)
38.82 (+8.79)
10.20 (+4.46)

T5 Post PP
17.74 (£4.09)
40.66 (£5.27)
34.56 (+5.58)
6.92 (£1.97)

T6 SB post
12.27 (+3.60)
36.62 (£5.79)
41.50 (£5.15)
9.65 (+4.20)

Abbreviations: PEEP positive end-expiratory pressure; PP pneumoperitoneum; PPV, positive pressure ventilation; ROIl, region of interest; SB, spontaneous
breathing; T, time.
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to enroll at least 12 patients for each age group.
Variations in Crs and ROIs were studied with mul- 23
. . . . . . COEd008 Do o~
~ 00 N 0 ~i

tilevel mixed linear regression models including a _ CagReTnt ge oo
random effect on the subjects and compared across S g S P TR
age categories. B S NG S8~ 6 e S

Data were analyzed with Stata 18.0 B.E. Two- <
tailed tests were used. P-values <.05 were considered e A dd aa a«
significant. NSRS 8FY88888$88

o N v vvh vy Y

RESULTS -
Seventy-nine patients were were enrolled (14 Infants/ S NEERE9YEE s e
Toddlers; 13 in Early Childhood; 26 in School Age; 26 OomModoRaw0P<~0®G
in Adolescence; Table 1).

During transition from SB to PPV, ROI 1 increased S 20w & &

. g . . . . 88222t 8T 92 _ o2
significantly (Coefficient: 4.66; 95% confidence inter- No I I® 2 59 @ p 82 o 3
val [CI], 3.74-5.58; P < .001) while ROI3 decreased O B 55D 5o or 5 o o Gg or D

b L mB8omANITORE20oF Y
(Coefficient: —2.84; 95% CI, —4.23 to —1.45; P < .001) R R R R B - e F
and so did ROI 4 (Coefficient: —0.81; 95% CI, -1.5 to g
-0.12; P = .021; Table 2). x wo ©S0gs g22,88

Overall, PEEP reduced ROI 1 ventilation with no ALQANOMOQO0OQMOQO|y

o - R R - A VARV IRVARVAR SRVARVA N7
significant effect in the other ROIs (Table 3). Age- 5
specific changes in ROI ventilation are presented in <
Table 3. PP increased ROI4 ventilation in all ages, but E R0 0TRBwumdns®an 8|S

. 200200500 NM g
at the smallest in infants/toddlers. Oo<fcPodrodsndwm| o
Crs was associated with body mass index (BMI) © 2
before PP institution (Coeff: 0.01; 95% CI, 0.001-0.021; NIt < ol 1® ol g
. do®0mn 7o TdReANLNo X3
P = .026) but not during PP (Coeff: 0.004; 95% ClI, JeBeRdneReQn g g
-0.009 to 0.018; P = .561), and it was negatively associ- 2 ?‘é Q i E,! S @ g ] & 'g & i g = '§
ated with all ROIs except ROI2 (Figure). B odaoc8adgaSgadgle
o g
g Ao _ oo oo oo e
DISCUSSION R5§§88§88§88§882}
Our findings can be summarized as follows: (1) ® TV EVVEV YV VS
there is a significant variation in regional volume -g g
distribution from SB to PPV; (2) there is a relation- o b © © o |2
. . . () e 25 < 3 3 X Q8w & S
ship of Crs with BMI in the absence of PP, but no 4 (8 SN0l Rcl2RcZnallE
relationship during PP; (3) PEEP and PP have sig- b CCTTISeTSenSseny g
nificant relationships with each ROI’s ventilation; » o g
and (4) regional ventilation distribution is also ® I > 5 D2
7] o288 CLLwlYJ0T6l|F
related to Crs and age. <] --'-‘f’.viuoso,dx—i‘.‘{ciz‘_‘lo.'g‘.\l g
In the transition from SB to PPV we described SR cde78Iodensa3|H
an increase in the anterior lung regions’ ventilation ] |8 oGS dadSadcaYan|s
(ROI1), and a decrease in the middle and posterior 2 g %
ones (ROI3-4). We attributed this to the cephalad : = L toun@f3srSacaZedd E
displacement of the diaphragm due to lost mus- W 483835753 R87S33877|¢
cular tone and the creation of atelectatic zones in ] g
the dependent regions, typical of anesthesia and : e 8 6w g ol 8
PPV,*7 coupled with the low pediatric Ccw in the M |8 9wl 0028 a&3|2
anterior area.? o I AR B R -
19}
During spontaneous breathing, the dorsal part of "f b 20 2, 2, 2|8
the diaphragm is more “stretched” by the upward o iolig 8ig 8llg Sliia § g
pressure of the abdominal contents but this advan- = 9
tage is lost with the switch to positive pressure venti- . - ) g g
lation, creating posterior atelectasis.’ 2 o 53 b g 5
With PEEP, alveoli are kept open, redistribut- 2 ¥ =22 9 4 <
. . . . = = © [}
ing ventilation to more dependent lung regions,’ o =< = i 2 < <
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reducing anterior ventilation and increasing Crs, also
during PP.

Crs was positively associated with BMI before but
not during PP. During PP, we found increased ROI
1 and 4 ventilation and attributed these changes to
the dome-shaped displacement of the diaphragm’,
which, under increased IAP, affected the central areas
of the lung more than the peripheral ones. In fact,
infants and toddlers, who have a flatter diaphragm
shape!® compared to older children, showed a rela-
tively smaller increase in the posterior areas and a
more pronounced increase in the anterior ROI, due
to low Ccw in this lung region.? This translates clini-
cally to higher risk for postoperative atelectasis in the
youngest.

Although limited by the lack of a perfusion study,
we could show different behaviors of regional lung
ventilation across different pediatric ages during
laparoscopy. Future research should explore tailored
ventilatory approaches in this population and relative
perfusion changes. &&

DISCLOSURES
Conflicts of Interest: None. Funding: None. This manuscript
was handled by: James A. DiNardo, MD, FAAP.

REFERENCES

1. Zeng C, Lagier D, Lee JW, Vidal Melo MF. Perioperative
pulmonary atelectasis: Part I. Biology and mechanisms.
Anesthesiology. 2022;136:181-205.

1494 www.anesthesia-analgesia.org

10.

. Gunnarsson L, Tokics L, Gustavsson H, Hedenstierna G.

Influence of age on atelectasis formation and gas exchange
impairment during general anaesthesia. Br | Anaesth.
1991,66:423-432.

. Pelosi P, Quintel M, Malbrain MLNG. Effect of intra-

abdominal pressure on respiratory mechanics. Acta Clin
Belg. 2007,;62:78-88.

. Frerichs I, Amato MBP, van Kaam AH, et al; TREND study

group. Chest electrical impedance tomography examina-
tion, data analysis, terminology, clinical use and recom-
mendations: consensus statement of the TRanslational EIT
developmeNt stuDy group. Thorax. 2017;72:83-93.

. Rauseo M, Spadaro S, Mirabella L, et al. Electrical imped-

ance tomography during abdominal laparoscopic surgery:
a physiological pilot study. | clin med. 2023;12:7467.

. Kleinman BS, Frey K, VanDrunen M, et al. Motion of the

diaphragm in patients with chronic obstructive pulmonary
disease while spontaneously breathing versus during posi-
tive pressure breathing after anesthesia and neuromuscular
blockade. Anesthesiology. 2002,97:298-305.

. Reber A, Nylund U, Hedenstierna G. Position and shape of

the diaphragm: implications for atelectasis formation: dia-
phragm and anaesthesia. Anaesthesia. 1998;53:1054-1061.

. Bruins S, Sommerfield D, Powers N, von Ungern-Sternberg

BS. Atelectasis and lung recruitment in pediatric anesthesia:
An educational review. Pediat Anesth. 2022;32:321-329.

. Lee ], Kang P, Park ], et al. Determination of optimal posi-

tive end-expiratory pressure using electrical impedance
tomography in infants under general anesthesia: compari-
son between supine and prone positions. Pediat Anesth.
2024;34:758-767

Nason LK, Walker CM, McNeeley MF, Burivong W, Fligner
CL, Godwin JD. Imaging of the diaphragm: anatomy and
function. Radiographics. 2012;32:E51-E70.

ANESTHESIA & ANALGESIA

Copyright © 2025 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.



