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Abstract

Purpose Chest drains used after thoracoscopic and open surgery traditionally rely on underwater drain (UWD). While Tho-
paz+ digital chest drain is NICE-recommended for adults, its usage in paediatric populations is underreported. This quality
improvement project (QIP) evaluated the efficacy and safety of adopting Thopaz+in paediatric surgical patients.

Methods Thopaz+was introduced in the Paediatric surgery department. Retrospective data were collected for patients
undergoing thoracic operations between 10/2022 and 07/2025, including demographics, chest drain indication, drain dura-
tion, and complications.

Results Of forty-nine patients (aged 1 day to 17 years; median age: 2.34 years, IQR 0.29-13.19), 55.10% (N=27) used
Thopaz+and 44.90% (N=22) used UWD. Thopaz+ group was significantly older (median 12.2 years-old (2.3, 15.1), 95%
CI: 6.7-12.0) and heavier (median 44 kg (16,55), 95% CI: 29-47) than UWD group (median 0.3years-old (0.0, 1.9), 95%
CI: 0.73-5.6; median 12 kg (9,16), 95% CI: 11-26), reflecting absence of Thopaz+ adoption for neonates within the trust
(»<0.001 for age; p=0.002 for weight). Thopaz+ trended towards a shorter chest drainage duration, with a median of 2 days
(1.0, 6.0; 95% CI 2.1-5.9), vs. median of 3.5 days (2.0, 7.0; 95% CI 1.2—-16) with UWD, although not statistically differ-
ent (p=0.088). Complication rate was not significantly different: 22.2% (N=6/27; 95% CI 9.4-43) with Thopaz+vs. 9.1%
(N=2/22;95% CI 1.6-31) with UWD. Satisfaction survey heavily favoured Thopaz+.

Conclusion This study shows Thopaz+can be safely and feasibly implemented in paediatric surgical practice. Larger, mul-
ticentre studies are needed to define the cost-effectiveness and develop paediatric clinical protocol.

Keywords Digital chest drainage - Thopaz - Paediatric thoracic surgery - Perioperative patient safety

Introduction

Chest drains are a fundamental component of the postopera-
tive management following thoracic surgery in children. It is
indicated to remove air, blood, fluid, pus or lymphatic fluid
from pleural or mediastinal spaces, helping to re-expand
lungs and prevent postoperative complications. In the cur-
rent practice in the United Kingdom (UK) and worldwide,
underwater sealed drains(UWD) have traditionally been
used as the standard practice. UWD systems remove air or
fluid from the pleural cavity while preventing its backflow
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of fluid and water into the pleural space. This enables lung
expansion and restoration of negative pressure in the tho-
racic cavity. However, several challenges are associated
with UWDs: (1) unsafe nature due to reflux of contents back
into pleural space, (2) subjective interpretation of air leaks
and inter-observer variability, (3) increased nursing and cli-
nician workload, (4) patients’ immobility, and (5) unreliable
and inefficient suction.

Digital chest drains have been in use from 2010 [1].
Growing evidence on the benefit in adults have led to their
adoption across many thoracic departments. One such digital
chest drain system is Thopaz+ digital chest drain [2]. In 2022,
The National Institute of Health and Care Excellence(NICE)
recommended Thopaz+ digital chest drain usage in thoracic
care, providing benefits such as reduced drainage duration,
shorter hospital stay, and improved patient safety [3, 4].
Thopaz+has benefits of continuous monitoring of intra-
thoracic pressure and air leak dynamics, offering enhanced
safety and objectivity compared with UWD systems. NICE
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identified 13 clinical studies as the evidence supporting the
use of the Thopaz+ digital chest drain system and its advan-
tages. Of these, only a single study is based on a paediatric
population [5], while the remaining 12 studies were con-
ducted in adult patients; highlighting a substantial evidence
gap in children. Only one paediatric study was available to
be included in that analysis. This was a non-comparative
study, describing initial experience by Costa et al. [5], who
evaluated digital chest drain in 11 children and reported a
mean hospital stay of 4.9 +/- 2.6 days, a mean duration of
drainage of 2.5+/- 0.7days and postoperative complications
in two patients (18%) Although the evidence base in chil-
dren has increased since then, it is still limited.

The adoption of Thopaz+ digital chest drain system
aligns with local, regional, and national priorities to improve
patient safety, clinical efficiency, and adoption of evidence-
based digital technologies in healthcare. Locally, this
change supports the local hospital Trust’s strategic goals to
improve patient and family experience in paediatric surgical
settings, by reducing variation in chest drain management,
enhancing safe, effective care through digital innovation.
At a regional level, it aligns with Integrated Care System
(ICS) goals in NHS England to streamline care pathways,
improve outcomes across surgical and post-operative care.
The digital system allows real-time data and patient journey
display, which facilitates sharing information across hospi-
tals in different trusts when joint care or transfer is required
for patients with chest drains. Nationally, adoption aligns
with the NHS 10-year Plan for digital innovation and patient
safety, supporting government targets for reducing hospital
stays and improving elective recovery [6].

Materials and methods

A Quality Improvement Project (QIP) was conducted at
our tertiary paediatric surgery department. The aim was
to evaluate and assess the efficacy and safety in adopting
Thopaz+ digital chest drain in paediatric surgical patients. A
retrospective review was conducted of patients who under-
went thoracic surgery between October 2022 and July 2025.
Chest drains were placed after thoracoscopic or open pro-
cedures, with hourly monitoring by nursing staff and clini-
cians in postoperative drain care. Data collected include age,
weight, surgical approach, underlying diagnosis, type of
chest drainage system used, duration of chest drainage and
postoperative complications. Statistical analyses included
Wilcoxon rank sum test, Pearson’s Chi-squared test, Fish-
er’s exact test to compare drainage duration, complication
rates and patient demographic characteristics between Tho-
paz+and UWD groups.
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A questionnaire was circulated to staff members to
explore clinicians’ experience with Thopaz+ intervention.
Structured questionnaires were used to collect feedback
from medical and nursing staff over a three-week period.
The questions in the questionnaire explored (1) staff sat-
isfaction with each drainage system, (2) perceived patient
safety, (3) ease of use in clinical practice, (4) preference
between Thopaz+and UWD, (5) reasons for preference and
(6) suggestions for improving chest drain management. The
questionnaire used for survey is illustrated in the Supple-
mentary Material. Any paediatric surgery ward-based staffs
present during the survey period were eligible to participate
and it was undertaken with those who voluntarily agreed
to share their experience; 11 of 16 (response rate of 69%)
invited staff members completed the paper questionnaires.
11 replies were obtained from 4 doctors and 7 nurses.

Postoperative monitoring of patients managed with the
chest drains was conducted 1 hourly clinical assessment by
trained nursing staff, by reviewing of digital air leak mea-
surements and drainage volumes, and through doctor’s ward
round, considering radiographic evaluation when clinically
indicated. Criteria for drain removal included the following:

e Fluid drainage<50mls in 24 h.
No ongoing air leak or bubbling over 24 h.
Indication for insertion has resolved (e.g. lung fully
re-expanded).

The ultimate decision from the medical team would be
made on this basis, considering the original indication for
the chest drain, and overall clinical stability.

Results

This study comprised 49 patients aged from 1 day to 17
years (median age 2.34 years, IQR 0.29-13.19), including
14 female and 35 male patients. Diagnosis at operation of
the patients is illustrated in Fig. 1. The postoperative stay
ranged from 1 to 77 days, with a mean duration of 16.80
days. Thopaz+ digital chest drains were used in 27 patients
(55.10%), and UWDs were used in 22 patients (44.90%).
Thoracoscopic surgery was performed in 69.4% of cases.
The age distribution of patients in the Thopaz and UWD
groups is summarised in Fig. 2. The median age in the Tho-
paz+ group was 12.2 years-old (IQR 2.3—15.1), whereas the
UWD group had a markedly lower median age of 0.3 years-
old (IQR 0.0-1.9). This difference was statistically signifi-
cant (95% CI: Thopaz 6.7-12 years-old vs. UWD 0.73-5.6
years-old, p<0.001). This reflects current hospital practice
during the study period, during which Thopaz+had not yet
been adopted for routine neonatal use. Within the Thopaz+
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Fig. 1 Diagnosis. Operative diag-
nosis in the study are summarised. Diagnosis
Absolute patient numbers are
shown and corresponding percent- spontaneous pneumothorax [ 12(24.49%)
ages in brackets
oa/Tor |, 10(20.41%)
Lung metastases [ = (16.33%)
cpAM/ccAM/Bronchogeniccyst [N 4 (3.16%)
coH/eventration [N : (6.12%)
Lung biopsy NN 3 (6.12%)
Lobar hyperinflation [N 2 (3.08%)
carcinoid tumour/Open pneumonectomy [N 2 (2.08%)
Myasthenia Gravis [ 2 (2.08%)
primary Lung Cancer [ 1(2.04%)
empyaema [ 1(2.04%)
pectus Excavatum [ 1(2.04%)
0 2 4 6 8 10 12 14
Counts

Fig. 2 Patient demographics (Age:
Years). Box-and-Whisker plot of

patient demographics between 20
Thopaz+and underwater drain
(UWD). Boxes represent the 18
interquartile range, the horizontal 16
line shows the median value, and
whiskers show the range 14
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= 10
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group, 63% (17 of 27 patients) had the application of suc-
tion. The use of suction was independently determined by
the clinical need of the patient and surgeon’s preference.
Similarly, the median weight differed significantly between
groups. The median weight of patients in the Thopaz+
group was 44 kg (IQR 16, 55; 95% CI: 29-47), compared
with 12 kg (IQR 9, 16; 95% CI: 11-26) in the UWD group
(»=0.002).

Median drainage duration (Fig. 3a) in the Thopaz+ group
was a median of 2 days (IQR, 1.0-6.0), with a 95% confi-
dence interval (95% CI) ranging from 2.1 to 5.9. In com-
parison, UWD group was of 3.5 days (IQR, 2.0-7.0) and
a 95% CI of 1.2 to 16.0. However, this difference did not

Patient demographics

[l Thopaz (N=27) [ UWD (N=22)

reach statistical significance, with p value of 0.088. Com-
plication rates were comparable between the two groups.
Complications occurred in 6 patients (22%) in the Thopaz+
group and 2 patients (9.1%) in UWD group (Fig. 3b), with
overlapping 95% confidence intervals (9.4%-43% vs. 1.6%-
31%; p value of 0.30). Documented complications included
recurrent pneumothorax, blocked drains, prolonged air
leaks and the need for a second drain. One patient died due
to underlying disease rather than drain-related complica-
tions, and one case a ‘complication’ was noted but was not
further specified.

Staff experience and feedback were obtained through the
circulation of questionnaire: 11 replies were obtained from
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Fig. 3 Drain duration (3a) Box-
and-Whisker plot of patient chest
drain duration between Tho-
paz+and underwater drain (UWD).
Boxes represent the interquartile
range, the horizontal line shows
the median value, and whiskers
show the range. Complication Rate
(3b) Overall complication rates for
Thopaz+ drain and UWD system
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Fig. 4 Staff feedback. Staff experi-
ence and satisfaction were evalu- o
ated through the questionnaire. Pie o0
charts illustrate staff experience
ratings from 1(very dissatisfied)-5
(very satisfied)

"4 u3

» 5(very satisfied)

Staff feedback
(which drain feels safer for patients?)

0

11%

= Thopaz+ = UWD = Neutral

4 doctors and 7 nurses (Fig. 4). Overall, satisfaction with
Thopaz+ drain was high, with 91% of staff members report-
ing satisfaction (ratings of 4 or 5), including 27% who were
very satisfied, and only 9% reported dissatisfaction. In con-
trast, satisfaction with UWD was lower and more variable,
with 27% rating 4 or 5 respectively, and 46% reported dis-
satisfaction. When asked which drain felt safer for patients,
the majority of staff favoured Thopaz+ (78%), while 11%
preferred UWD, and 11% were neutral. Similarly, 80% of
staff members reported that Thopaz+was easier to use and
monitor, compared with 10% favouring UWD and 10%
reporting neutral.
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Staff experience with Thopaz+ drain

2 = 1(verydissatisfied) = notused

3b. Compiication rate(%)

Staff Experience with UWD

00

® 5(very satisfied) =4 =3 2 wi(verydissatisfied)

Staff feedback
(Which drain feels easier to use/monitor?)

0

&

Both = Neither
Both = Neither

= Neutral

= Thopaz+ = UWD

When staff were surveyed regarding their preference
between Thopaz+ digital drain and UWD, out of 11 respon-
dents, 8 staff members (72.73%) expressed preference for
Thopaz+. In contrast, only 1 staff member (9.09%) pre-
ferred UWD, while 2 respondents (18.18%) indicated they
valued both systems equally.

Discussion
There is limited experience with digital chest drain system

in children, with a significant evidence gap in the literature.
This descriptive quality improvement project addresses an
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important evidence gap in paediatric thoracic surgery and
provides valuable real-world implementation insights into
the use of Thopaz+ digital chest drains. This descriptive
data contributes some experience and evidence to support
the feasibility and safety of Thopaz+in paediatric thoracic
surgery. Though the numbers are small, its introduction
supports that with further evaluation, data on outcome will
provide evidence of further clinical benefit in children. This
would be mirroring the evidence in the adult practice, but
this assumption cannot just be extrapolated, and the evi-
dence should be researched and developed.

Existing literature on the use of digital chest drain sys-
tems in paediatric populations remains significantly limited.
As early as 2016 a report on the early experience of digi-
tal chest drain in children and reported its safe introduction
[5], yet, much of the existing evidence is extrapolated from
adult studies, which serves as indirect evidence rather than
primary paediatric data. For instance, although Alam et al.
(2020) reported that Thopaz+was associated with shorter
tube duration and hospital stays, their cohort of 100 patients
were children and adults [7]. Their findings demonstrated
that Thopaz+use was associated with a shorter duration of
chest tube placement, reduced length of hospital stay and
lower complication rates compared with conventional chest
drain. Also, their study was limited to patients with empy-
ema thoracis undergoing decortication. No elective resec-
tions were included. One consecutive observational study
by Pérez-Egido et al. (2018) also focused on the outcome of
radiology exposure. They reported that Thopaz+ provided
more objective measurement of air leakage, shorter chest
tube duration, and decrease of the number of postoperative
radiographs in 13 patients following pulmonary resection
compared to conventional chest drain [8]. Frediani et al.
(2023) retrospectively demonstrated a shorter duration of
chest drain use of up to six days in a pure paediatric popu-
lation, with need for fewer chest x-rays [9]. Collectively,
these studies highlight the potential benefits of Thopaz+in
younger patients while underscoring the need for further
paediatric research to support wider clinical adoption.

Our descriptive quality improvement project performed
with a wide range of thoracic operations in a pure paediatric
setting. There were confounding factors affecting its inter-
pretation and there was no statistical difference in duration
of drainage, but there was a trend toward shorter chest drain
duration with Thopaz+. This aligns to this existing litera-
ture, and supports the benefit that comes with the more pre-
cise monitoring, and consistent suction delivery with digital
chest drain compared to traditional drains. The hypothesis is
that the objective data provided by the digital drain allows
earlier cessation of the drain with good clinical outcome. On
looking at all the evidence quoted in the paediatric literature
to date, this benefit (averaged between studies) ranges from

2 to 3 days less of chest drain use. With this being the most
likely limiting factor for discharge, this translates to both a
substantial benefit in patient outcome and hospital economy
[3, 4].

Staff feedback supports the objectivity, better staff expe-
rience and clinical utility of the Thopaz+, particularly in
relation to patient safety, mobility, and data-driven deci-
sion making. Staff members perceived Thopaz+ improved
patient comfort and overall recovery, mentioning easier
patients’ mobility with its portable design and no need for
wall suction. From a safety and nursing perspective, Tho-
paz-+was consistently mentioned as easier to read and mon-
itor, allowing for more objective and efficient assessment
which nurses favoured Thopaz+ more over UWDs. Nursing
staff also reported ergonomic benefits with Thopaz+, not-
ing that its portable and remote monitoring design reduced
physical strain during the patient care, improving nursing
workflow. As an example, because it does not need to be
on the floor and can be at patient or eye level, nurses who
have mobility issues also found Thopaz+ much easier to
use and monitor. Importantly, from a medical perspective,
the objective, real-time digital data generated by Thopaz+
enables more accurate assessment of air leak and drainage
trends. Figure 5 is an example of a patient journey with an
empyema, where the air leak (blue line) can be definitely
seen to stop, and therefore the cessation of any broncho-
pleural fistula can be defined. Such digital informatics sup-
ports consistent data collection and more informed clinical
decision making compared with UWDs: this was frequently
mentioned in senior doctors’ responses.

Nevertheless, some limitations need to be acknowledged.
This was a retrospective single-centre study with a small
sample size, which limits generalisability and statistical
power. There are several confounding factors, including
the fact that choice of Thopaz+ usage relied on surgeons’
decision making and preference during the study period,
thereby introducing potential selection bias that could have
impacted the outcomes described in this study. This was
further confounded by the exclusion of neonates to the Tho-
paz+ system during the early adoption during this quality
improvement project. This resulted in the Thopaz+ group
being significantly older than UWD. These fundamental
disparities in age and weight could preclude valid outcome
comparisons between the two groups in this study. Having
established the safety and efficacy of digital drainage these
confounding factors should be reduced in further analysis of
the outcome in further studies.

Also, the adoption of the Thopaz+ system may have been
affected by the learning curve associated with its introduc-
tion. Medical and nursing staffs may require time to become
proficient in monitoring digital chest drain, integrating
it into established postoperative workflows. Staff survey
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Real time data

Fig. 5 Real time Thopaz+ monitoring data. This shows an example
of real-time Thopaz+ digital monitoring of a patient journey with an
empyema. This demonstrates continuous measurement of air leak

revealed that the need for more structured staff training as
most frequently mentioned area that need for improvement.
Staff members emphasised the need for regular study days,
in-depth training about protocol, junior doctor training for
familiarity as the suggestion for improvement in maximis-
ing the safe and effective use of Thopaz+. Variability in staff
familiarity using digital chest drain could therefore have
contributed to results. Most of current evidence regarding
this learning curve in digital chest drain is based on adult
data, which serves as indirect evidence for the paediatric
settings. Pompili et al. (2011) indicates the learning curve
for using novel device, such as electronic chest drainage
system typically slopes down only after an initial phase of
approximately 40 cases [10]. The study suggested once this
threshold is surpassed and the staff gained sufficient con-
fidence in new electronic chest drainage, the maximum
benefits- such as significantly reduced chest drain duration
and shorter hospital stays, financial cost benefits — become
fully evident [10]. Therefore, the data from this descriptive
quality improvement project with feasibility and implemen-
tation outcomes, could be used to provide support for the
introduction of digital chest drains in paediatrics, with good
prospective studies providing more substantial evidence
of benefit. The development of protocols using the digital
information provided, to further aid decision making in the
paediatric population is also needed.

Current evidence supporting Thopaz+use is largely
derived from adult studies, and extrapolation of these find-
ings to paediatric patients should be undertaken with cau-
tion given differences between adult and paediatric patients.
Consequently, paediatric-specific data remain limited, and
single-centre quality improvement findings may not be
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(blue line in mls/min) and fluid (yellow line total volume in mls) over
time. The grey bar indicates the set negative drain suction pressure,
and the black line the measured intrapleural pressure in kPa

generalizable. Further evaluation is therefore warranted to
better define feasibility, safety, and implementation out-
comes across a broader paediatric surgical population and
to support the development of age-appropriate, evidence-
based guidance for digital chest drainage use in children.

Conclusion

There is limited experience with digital chest drain system
in children, with a significant evidence gap in the literature.
This quality improvement project demonstrates that imple-
mentation of the Thopaz+ digital chest drainage system in
paediatric surgical practice is safe and feasible and can be
integrated into routine clinical workflows. With staff train-
ing, the feedback received support real-world adoption can
be promoted in paediatric practice, with paediatric specific
protocol development.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s42804-0
26-00308-z.

Author contributions H.Y wrote the original draft and this was re-
viewed and edited by M.M for the final manuscript.H.Y prepared
Figs. 1, 2, 3, 4 and 5, which was reviewed by M.M. All authors re-
viewed and approved the manuscript. 1. Conceptualization: Mer-
rill McHoney, 2. Methodology: Heewon Yoon, Merrill McHoney, 3.
Formal analysis and investigation: Heewon Yoon, 4. Writing-original
draft preparation: Heewon Yoon, 5. Writing-review and editing: Hee-
won Yoon, Merrill McHoney, 6. Funding acquisition: N/A, 7. Resourc-
es: N/A, 8. Supervision: Merrill McHoney.

Funding The authors did not receive support from any organisation
for the submitted work.


https://doi.org/10.1007/s42804-026-00308-z
https://doi.org/10.1007/s42804-026-00308-z

Digital chest drain in paediatric surgical patients

99

Data availability No datasets were generated or analysed during the
current study.

Declarations

Competing interests The authors declare no potential conflicts of in-
terests with respect to the research, authorship, and/or publication of
this article.

Ethical approval Ethical approval was not required for reporting indi-
vidual anonymised data for a quality improvement project following
the local NHS Hospital Trust policy.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

1. Mier JM, Laureano M, Fibla JJ (2010) The benefits of digital air
leak assessment after pulmonary resection: prospective and com-
parative study. Cir Esp 87(6):385-389. https://doi.org/10.1016/j.c
iresp.2010.03.012

2. Medela (2017) Thopaz Digital Chest Drainage System: Instruc-
tions for Use. 2017. Available from: https://data2.manualslib.co
m/pdf7/176/17522/1752142-medela/thopaz.pdf?7d17bcfdbf603
edl4dfcda86cd3cded 1 &take=binary, Accessed 14th November
2024

3. National Institute for Health and Care Excellence (NICE) (2022)
Thopaz+ Portable Digital System for Managing Chest Drains

(MTG37). Available from: https://www.nice.org.uk/guidance/mt
g37/resources/thopaz-portable-digital-system-for-managing-ches
t-drains-pdf-64372000350661. Accessed 14th November 2024

4. O’Connell S, Morgan H, Kotecha S, Morris R (2022) Review
Report of MTG37: Thopaz+ Portable Digital System for Manag-
ing Chest Drains. Available from: https://www.nice.org.uk/guida
nce/mtg37/evidence/review-report-may-2022-pdf-11070402158.
Accessed 14th November 2024

5. Costa D, Rocco PRM, Varaschin P, Gutierrez MR, Almeida JP
(2016) An initial experience with a digital drainage system dur-
ing the postoperative period of paediatric thoracic surgery. J Bras
Pneumol 42(6):444-446. https://doi.org/10.1590/S1806-3756201
6000000269

6. NHS England (2019) The NHS Long Term Plan. Available from:
https://www.longtermplan.nhs.uk/wp-content/uploads/2019/08
/nhs-long-term-plan-version-1.2.pdf. Accessed 14th November
2024

7.  Alam MS, Haseen MA, Aslam M, Beg MH (2020) Use of Thopaz
in patients of empyema thoracis undergoing decortication. Lung
India 37(6):511-517. https://doi.org/10.4103/lungindia.lungindia
344 19

8. Pérez-Egido L, de la Torre M, Ofioro G, Lopez-Fernandez Y,
Lopez-Gutiérrez JC (2018) Digital thoracic drainage: a new sys-
tem to monitor air leaks in the paediatric population. Eur J Pediatr
Surg 28(5):429-433. https://doi.org/10.1016/j.jpedsurg.2018.10.
068

9. Frediani S, Romano G, Pardi V, Aloi IP, Bertocchini A, Accinni
A, Zarfati A, Inserra A (2023) Benefits of using digital thoracic
drainage systems for post-operative treatment in pediatric popula-
tions: personal experience and review of literature. Front Pediatr
11:1280834. https://doi.org/10.3389/fped.2023.1280834

10. Pompili C, Brunelli A, Salati M, Refai M, Sabbatini A (2011)
Impact of the learning curve in the use of a novel electronic chest
drainage system after pulmonary lobectomy: a case-matched
analysis on the duration of chest tube usage. Interact Cardiovasc
Thorac Surg 13(5):490—-493. https://doi.org/10.1510/icvts.2011.2
80941

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://www.nice.org.uk/guidance/mtg37/resources/thopaz-portable-digital-system-for-managing-chest-drains-pdf-64372000350661
https://www.nice.org.uk/guidance/mtg37/resources/thopaz-portable-digital-system-for-managing-chest-drains-pdf-64372000350661
https://www.nice.org.uk/guidance/mtg37/resources/thopaz-portable-digital-system-for-managing-chest-drains-pdf-64372000350661
https://www.nice.org.uk/guidance/mtg37/evidence/review-report-may-2022-pdf-11070402158
https://www.nice.org.uk/guidance/mtg37/evidence/review-report-may-2022-pdf-11070402158
https://doi.org/10.1590/S1806-37562016000000269
https://doi.org/10.1590/S1806-37562016000000269
https://www.longtermplan.nhs.uk/wp-content/uploads/2019/08/nhs-long-term-plan-version-1.2.pdf
https://www.longtermplan.nhs.uk/wp-content/uploads/2019/08/nhs-long-term-plan-version-1.2.pdf
https://www.longtermplan.nhs.uk/wp-content/uploads/2019/08/nhs-long-term-plan-version-1.2.pdf
https://doi.org/10.4103/lungindia.lungindia_344_19
https://doi.org/10.4103/lungindia.lungindia_344_19
https://doi.org/10.1016/j.jpedsurg.2018.10.068
https://doi.org/10.1016/j.jpedsurg.2018.10.068
https://doi.org/10.3389/fped.2023.1280834
https://doi.org/10.1510/icvts.2011.280941
https://doi.org/10.1510/icvts.2011.280941
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ciresp.2010.03.012
https://doi.org/10.1016/j.ciresp.2010.03.012
https://data2.manualslib.com/pdf7/176/17522/1752142-medela/thopaz.pdf?7d17bcfdbf603ed14dfcda86cd3cde41&take=binary
https://data2.manualslib.com/pdf7/176/17522/1752142-medela/thopaz.pdf?7d17bcfdbf603ed14dfcda86cd3cde41&take=binary
https://data2.manualslib.com/pdf7/176/17522/1752142-medela/thopaz.pdf?7d17bcfdbf603ed14dfcda86cd3cde41&take=binary

	﻿Digital chest drain in paediatric surgical patients
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


