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Abstract

Objective: Life-threatening  thoracic
trauma requires emergency pleural
decompression and thoracostomy and
chest drain insertion are core trauma
procedures. Reliably determining a
safe site for pleural decompression in
children can be challenging. We
assessed whether the Mid-Arm Point
(MAP) technique, a procedural aid

would also identify a safe site for pleu-
ral decompression in children.

Methods: Children (0-18 years)
attending four EDs were prospectively
recruited. The MAP technique was
performed, and chest wall skin mark-
ed bilaterally at the level of the MAP;
no pleural decompression was per-
formed. Radio-opaque markers were
placed over the MAP-determined skin
marks and corresponding intercostal

proposed for use with injured adults, space (ICS) reported using chest X-ray.
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Key findings

e In children as in adults, the
MARP is a reliable guide to site
the incision for emergency
pleural decompression in the
‘safe zone’ (4th to 6th ICSs).

e MAP technique will site
pleural decompression in
the ‘safe zone’ in 9 out of 10
children when used with an
age-based adjustment to
account for differences in
arm wversus chest growth
rates, the MAPPAED rule.

e MAPPAED rule: in children
aged >4 years, use the MAP
technique and go UP one ICS
to reliably hit the ‘safe zone’,
whereas in children <4 years
use the MAP technique with-
out adjustment.

Results: A total of 392 children
participated, and 712 markers sited
using the MAP technique were
analysed. Eighty-three percentage of
markers were sited within the ‘safe
zone’ for pleural decompression
(4th to 6th ICSs). When sited out-
side the ‘safe zone’, MAP-
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determined markers were typically
too caudal. However, if the site for
pleural decompression was trans-
posed one ICS cranially in children
>4 years, the MAP technique per-
formance improved significantly
with 91% within the ‘safe zone’.

Conclusions: The MAP technique
reliably determines a safe site for pleu-
ral decompression in children, albeit
with an age-based adjustment, the
Mid-Arm  Point in  PAEDiatrics
(MAPPAED) rule: ‘in children aged
>4 years, use the MAP and go up one
ICS to hit the safe zone. In children
<4 years, use the MAP.” When
together with this rule, the MAP tech-
nique will identify a site within the
‘safe zone’ in 9 out of 10 children.

Key words: chest drain, paediatric,
pleural decompression, thoracic inju-
ries, thoracostomy.

Introduction

Traumatic injury is the leading cause
of death in children worldwide and a
leading cause of  paediatric
hospitalisation and long-term disability
in many countries.'™ Traumatic brain
injury is the leading cause of paediatric
trauma death in most series. However,
thoracic trauma is another leading
contributor to this burden. A recent
review of paediatric trauma in England
and Wales reported the majority of
trauma deaths occur in children with
severe isolated brain injury, isolated
chest injury or a combination of brain
and chest injury.’ Furthermore, a
10-year review of presentations to an
Australasian paediatric major trauma
centre showed children with severe
thoracic trauma were 10 times more
likely to die from their injuries.® Thus,
emergency management of life-
threatening thoracic trauma is of the
utmost importance in the paediatric
trauma resuscitation room.

Tension pneumothorax, massive
haemothorax and cardiac arrest are
traumatic life-threats managed dur-
ing the primary survey, and require
emergency pleural decompression.
Traditionally decompression was
achieved by needle thoracocentesis
via the second intercostal space
(ICS). However, it is now appreci-
ated  that  emergency  needle

decompression can be unreliable and
ineffective, with failure rates as high
as 60%.”* Therefore, thoracostomy
has been adopted by many mature
trauma systems as the preferred
method of emergency pleural decom-
pression, both adult and paediat-
ric.®” 3 As  such, thoracostomy,
followed typically by intercostal
chest drain (ICD) insertion, are core
procedures in trauma resuscitation.

Difficulties in identifying a safe site
for thoracostomy and ICD insertion
are well-recognised. Although a ‘trian-
gle of safety’ for decompression can
be defined anatomically (Fig. 1), these
muscular boundaries are difficult to
recall, especially under the pressures
of trauma resuscitation. Studies report
widespread difficulties recalling or
applying these anatomical boundaries,
with more than 40% of simulated or
actual ICD insertions being outside
the ‘triangle of safety’.'*"> A less
memory-demanding definition of the
‘safe zone’ is that spanning the 4th to
6th ICSs, just anterior to the mid-
axillary line.'"'® Although easier to
recall during trauma resuscitation,
correctly counting ICSs can still be
difficult in children and confound safe
pleural decompression and thus an
alternative is needed.

Marking the chest at a level
corresponding to the Mid-Arm Point
(MAP), halfway between the patient’s
acromion and olecranon process, has
been reported to be a reliable aid to

safely site pleural decompression in
injured adults."”” We hypothesised that
the MAP technique would also accu-
rately site emergency pleural decom-
pression with the ‘safe zone’ for
paediatric trauma patients. If so, the
MAP technique would assist clinicians
to deliver safe and effective paediatric
trauma care under the cognitive and
time pressures of trauma resuscitation.

Methods

Patient recruitment, inclusion
and exclusion

Children (0-18 years) attending any
one of four participating EDs were
recruited into this prospective study
by trained study team members. Any
child who was attending the ED and
having a chest X-ray (CXR) as part of
their management was eligible for
inclusion. No child had a CXR per-
formed solely for the purpose of this
study — they all had a CXR booked as
predetermined part of their medical/
surgical management. Parents/carers
were given an information leaflet and
signed consent was obtained. Patients
were subsequently excluded if the
CXR demonstrated non-compliant
patient arm positioning (e.g. sterno-
humeral angle less than 90°), or if the
humerii could not be visualised. Addi-
tional exclusion criteria were: need to
abandon marker placement or CXR
because of child upset or non-

v

Anteriorly
Lateral edge of
pectoralis major

Superiorly
Base of the axilla

- Laterally
Anterior edge of latissimus dorsi

Figure 1. Anatomical landmarks of the ‘triangle of safety’.
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MID-ARM POINT IN PAEDIATRICS (MAPPAED)

(@)

Arm at 90°
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)
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Olecranon —""

N

Figure 2. Steps of the MAP technique. (a) With the child’s arm adducted, a tape measure was used to determine the MAP. (b) A
skin mark was placed on the adjacent chest wall at a level corresponding to the MAP. (c) The child’s arm was then abducted to
position the child’s arm for pleural decompression, with the skin mark showing the site for either thoracostomy of chest drain inser-
tion, with the added age-based adjustment of the MAPPAED rule in those children aged 24 years. These key steps mirror the MAP

technique proposed for adult patients by Bing et a

cooperation, and skeletal abnormali-
ties which might confound chest wall
anthropometry  (e.g.  osteogenesis
imperfecta, scoliosis or kyphosis).

Study setting

Patients were recruited from the EDs
of four hospitals. Two sites are major
trauma services in stand-alone, tertiary
paediatric hospitals (The Royal Chil-
dren’s Hospital [RCH], Melbourne,
Victoria, Australia; Children’s Health
Ireland (CHI) at Temple Street, Dub-
lin, Ireland). The other two sites are
metropolitan trauma centres, which

l.17

receive both adult and paediatric non-
major trauma (Sandringham Hospital,
Melbourne, Victoria, Australia; and
Sunshine ~ Hospital, = Melbourne,
Victoria, Australia).

MAP technique to determine site
(ICS) for pleural decompression

To demonstrate the utility of the
MAP technique in children, the MAP
was measured and chest wall marked
at the level corresponding to the
MAP, at the anterior axillary
line (Fig. 2).

Finally, in a step specific to the
research method but divorced from
clinical application of the MAP tech-
nique, a sticker with a 2.5 mm metal
ball at its centre (BB marker) was
placed over MAP-determined mark
on the child’s chest wall skin. The
specific purpose of the BB marker
was to allow accurate and reproduc-
ible  reporting of the ICS
corresponding to this skin mark on
CXR. Whenever possible, the MAP
technique was performed bilaterally
prior to a single CXR.

Clinicians (consultants, fellows and
an advanced nurse practitioner)

© 2022 The Authors. Emergency Medicine Australasia published by John Wiley & Sons Australia, Ltd on behalf of Australasian College

for Emergency Medicine.

85U8017 SUOWWOD SAEaID 3|dedl[dde au Ag peusenob o Sajole YO ‘9SN JO Sa|NJ o} Akeiqi8UIIUO AB]IM UO (SUONIPUO-PU-SWB)ALI0D"AB | 1M ARe.d [Bu[UO//:SdNL) SUONPUOD Pue SWB | 8u) 89S *[2202/2T/G0] Uo A%iqi]auliuo A8IM ‘advOa HOXVASIY HL1VaH Ad TrTHT'€2/9-27/T/TTTT OT/I0p/LI00 8] Im Alelqijouluo//sdny Wwolj pepeojumod ‘0 ‘€2.92v.T



N QUINN ET AL.

TABLE 1. Performance of the MAP technique without age-specific adjustment (MAPPAED rule is not applied)

Intercostal space

Age <4 years (n = 308)

Age >4 years (n = 404)

All ages (n = 712)

1-3 (too cranial)
4-6 (safe zone)

7-8 (too caudal)

21/308 (6.8%)
281/308 (91.2%)
6/308 (2.0%)

3/404 (0.7%)
310/404 (76.7%)
91/404 (22.6%)

24/712 (3.4%)
591/712 (83.0%)
971712 (13.6%)

performing the MAP technique in chil-
dren were first trained in process as
above, including watching a 2-min
educational video outlining key steps
(Video S1). This study-specific video
was produced by Creative Studio,
RCH Melbourne, and accessible at all
four sites using a Quick Response
code displayed on study materials, or
via a download link: https:/player.
vimeo.com/external/303203291.hd.
mp4?2s=5498albe8bfccde42
92ecc4b6c9badclleld25b2&profile_
id=175.

Determination of the ICS
corresponding to the MAP on
chest X-ray

Children with BB markers attached
underwent CXR as per their pre-
determined medical plan. To repli-
cate the arm positioning for both
thoracostomy and ICD insertion,
CXRs were performed with the
child’s upper limbs abducted to at
least 90° (Fig. 3). After the X-ray
was performed, the position of the
marker was checked to ensure that it
was still in the position it was
placed in.

The study team included a consul-
tant radiologist at each participating
site, who was responsible for the pri-
mary reporting of each CXR for
their respective site. The radiologist
was blinded from the skin marking

process. A standardised reported
approach was followed, namely:
type of CXR (supine or erect), ICS
position of the BB marker on the left
and/or right side and sternohumeral
angle. If a marker was found to
overlie the rib rather than ICS per se,
the radiologist assigned the marker
to the space above the rib, in accor-
dance with the clinical dogma to
avoid neurovascular bundle injury
during pleural decompression by
going above the rib.

To assess interrater reliability in
radiologist reporting, each site
randomly selected and anonymised
10 CXRs for blinded and indepen-
dent ‘double-reading’ by the other
three  radiologists.  Secondary
reports of double-reading were
assessed  for  agreement  or
otherwise.

Statistical analysis

Statistical analyses were performed
using The R Project for Statistical
Computing (R version 4.1.0), and
included Fisher’s tests, odds ratio
calculation with 95% confidence
interval (CI) and McNemar tests for
dependent samples; P > 0.05 consid-
ered significant.

Ethical considerations

Human Research Ethics Committee
approval was gained at each

Figure 3. Representative study chest X-
ray showing BB markers and compliant
patient positioning. The radio-opaque
BB markers are evident on both left and
right sides. Abduction of the arms and
sterno-humeral angle are compliant with
the study methods, and mirror the posi-
tioning used for patients undergoing
pleural decompression.

participating site prior to commence-
ment of recruitment at that site.

Results
Sample

The recruited cohort comprised
392 children. Of these, 24 children
were excluded according to the
criteria  defined above: sterno-

TABLE 2. Performance of the MAP technique with age-specific adjustment (MAPPAED rule is applied)

Intercostal space

Age <4 years (n = 308)

Age >4 years (n = 404)

All ages (n = 712)

1-3 (too cranial)
4-6 (safe zone)

7-8 (too caudal)

21/308 (6.8%)
281/308 (91.2%)
6/308 (2.0%)

30/404 (7.4%)
365/404 (90.4%)
9/404 (2.2%)

51/712 (7.2%)
646/712 (90.7%)
15/712 (2.1%)
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MID-ARM POINT IN PAEDIATRICS (MAPPAED)

Without MAPPAED Rule applied

(a)

|:] 1-31CS

Il scs

Age 24 years
(n=404)

Age <4 years
(n=308)

‘:l 4-6 ICS = ‘safe zone’

With MAPPAED Rule applied

(b)

—
Age <4 years Age 24 years
(n=308) (n=404)

Figure 4. The number and relative distribution of markers above (1-3 ICS), within

(4-6 ICS) or below (7-8 ICS) the ‘safe zone’

for pleural decompression. Data are pres-

ented without (a) and with (b) the MAPPAED rule applied. The ‘MAPPAED rule’ is

an age-specific adjustment in which the site for pleural decompression in children

>4 years is one ICS more cranial than that corresponding to the MAP. No such age-

specific adjustment is made for children <4 years.

humeral angle less than 90°, n = 14;
humerii not visualised, # = 5; need
to abandon marker placement or
CXR because of child upset or non-
cooperation, 7 = 5. The 368 included
children  were aged  between
4 months and 18 years. Three hun-
dred and forty-four children had
bilateral markers evident on CXR
for reporting. The remaining 24 chil-
dren had a single reportable marker,
principally because of marker loss
rather than unilateral application.
Thus, 712 markers sited using the
MAP technique as a guide were
available for reporting on CXR and
analysis. Laterality was evenly split,
with 353 (50%) markers on the left
side of the chest, and 359 (50%) on
the right.

Performance of the MAP
technique in children

Radiologist reporting demonstrated
591 (83%) markers sited using the
MAP technique within the a priori-
defined ‘safe zone’ for thoracostomy
and chest drain insertion, that is, 4th
to 6th ICSs (Table 1; Fig. 3). In all-
ages, it was uncommon for the MAP
to guide placement of a marker more
cranial than the ‘safe zone’, with
only 3% of markers sited cranial to
the 4th ICS. More frequently how-
ever, the MAP technique sited the

marker more caudal than the safe
zone, with 97 markers (14%) sited
in the 7th or 8th ICS.

The radiologist-reported data rev-
ealed a noteworthy interaction
between patient age and the marker
ICS position (Table 1; Fig. 4a). First,
significantly more markers were
located within the ‘safe zone’ for
children aged <4 years compared
with those aged >4 years; <4 years:
281/308 wversus 24 years: 310/404,
P <0.001. Second, 91 (94%) of
those 97 markers placed caudal to
the ‘safe zone’ were on children aged
>4  years. These observations
prompted additional post hoc ana-
lyses dichotomised at different age
thresholds, as outlined below.

Application of the MAPPAED
rule for age-specific adjustment

Having observed a trend towards a
too caudal position in children aged
>4 years, we performed post hoc
analyses to determine the impact on
performance of the MAP technique,
if a secondary adjustment was made
such that the level determined for
pleural decompression was one ICS
more cranial than that identified by
the MAP technique alone.

First, we investigated whether
adjustment by one ICS more cranial
should be applied to children of all

ages, or only children over a specific
age threshold. When making this
cranial adjustment to children of all
ages, there was no significant
improvement in the overall propor-
tion of number of markers placed
within the ‘safe zone’ (original ICS
4-6 = 591/712 vs adjusted ICS 4-
6 = 594/712; P = 0.88). The first
age threshold at which this cranial
adjustment made a significant differ-
ence in identifying the ‘safe zone’
(as compared to no adjustment) was
when it was applied for children
>3 years. However, the performance
was found to be enhanced further
when applied to children >4 years,
with a significant difference in
obtaining the ‘safe zone’ when mak-
ing the adjustment by applying the

Mid-Arm Point in PAEDiatrics
(MAPPAED) rule for children
>4 years compared to =3 years

(P <0.001). The same enhancement
was not seen for yet further incre-
mental increases in age threshold,
with no significant difference when
comparing adjustments for children
aged 24 vyears and children aged
>5 years or older.

Based on these analyses, we con-
sidered optimal performance of the
MAP technique to identify the ‘safe
zone’ was achieved when in conjunc-
tion with an age-specific adjustment,
such that the site for pleural decom-
pression is one ICS more cranial
than that corresponding to the MAP
for children >4 years. We have
coined this adjustment here the Mid-
Arm Point in PAEDiatrics or
‘MAPPAED’ rule.

Additional application of the
MAPPAED rule improved the over-
all accuracy of the MAP technique
from 83% to 91% (Tables 1,2;
Fig. 4b). This enhanced performance
was achieved by improving the accu-
racy of the technique in children >4
years from 77% to 90% (Tables 1,2;
Fig. 4b). Indeed, application of the
MAPPAED rule increased the odds
of the MAP technique identifying a
site for pleural decompression in a
child’s ‘safe zone’ threefold in all
ages (with MAPPAED rule: 646/712
vs  without ~MAPPAED rule:
591/712, odds ratio [OR] 3.04 with
95% confidence interval
[CI] 1.04—4.88).
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Finally, McNemar tests for depen-
dent samples were used to further
analyse for significant differences in
the performance of the MAP tech-
nique to identify a site within the
‘safe zone’ with versus without age-
specific  adjustment  with  the
MAPPAED rule. McNemar test
results were highly significant, with
P < 0.001, for both an analysis of all
ages as well as sub-group analysis
for only children >4 years, affirming
a benefit of using the MAPPAED
rule in children >4 years.

Interrater reliability of chest
X-ray reporting

Each site was given 10, randomly
selected CXRs from the three other
sites. After excluding markers that
were not clearly visible (because of
the picture taken in the radiology
department and not the study itself)
there were 231 markers that were
double read. 230/231 (99.6%) were
either in the same ICS or had maxi-
mum one ICS difference. In addition,
although the reported level of some
of markers differed by one ICS on
double-reading, the  subsequent
determination of a marker to be
within or outside the ‘safe zone’ for
pleural decompression was
unchanged for 191/231 (84.4%) of
double-read markers.

Discussion

This study addresses a key deficit:
the ability to rapidly, reliably deter-
mine a safe site for pleural decom-
pression in severely injured children.
Incorrect siting of ICD insertions in
trauma is common, with an audit of
1000 ICD insertions performed at a
major trauma service in South Africa
showing that even in this expert and
high-volume institution, 41% were
inserted outside the ‘triangle of
safety’.’® Another audit of ICD
insertions in the ED setting reported
complications in 37%, the majority
of which were related to incorrectly
sited and/or positioned ICDs.'®

In adults, the MAP technique has
been proposed as a 100% reliable
for indicating a site for pleural
decompression within an accepted
‘safe zone’, that is, 4th to 6th ICSs.

This was measured by clinical exam-
ination from the 2nd ICS palpation
and not confirmed by X-ray.'” In
our paediatric population however,
we found that an age-based adjust-
ment was required in children aged
>4 years to improve the performance
of the MAP technique, and elevate
its accuracy for siting pleural decom-
pression within this ‘safe zone’
above 90%. This age-based adjust-
ment, the MAPPAED rule, stipulates
that in children aged >4 to
<18 years, the pleural cavity should
be decompressed via the ICS one
higher (more cranial) than that indi-
cated by the MAP. Children aged
<4 years should have pleural decom-
pression via the ICS indicated the
MAP technique without adjustment.

Not only does the MAPPAED rule
improve the accuracy of selecting an
appropriate site for pleural decom-
pression, it also addresses the well-
documented tendency and risks of
pleural decompression via a site lower
(more caudal) than the ‘safe zone’. A
2005 study tested whether or not
junior doctors could indicate on a
photograph a safe site for ICD inser-
tion. Of 55 junior doctors surveyed,
45% incorrectly indicated a site out-
side the ‘triangle of safety’, with 78 %
of those in error choosing a site which
was lower (more caudal) than the ‘tri-
angle of safety’.'® Incorrect entry at a
site lower that this zone of safety is at
risk of iatrogenic injuries to the dia-
phragm, stomach, colon, spleen and
kidney."” Correct use of the MAP
technique in children with the
MAPPAED rule would substantially
ease the cognitive burden on clinicians
tasked with emergency pleural decom-
pression, and protect already severely
injured children from the super-added
insult of iatrogenic visceral injuries
and other procedural complications.

The MAP and MAPPAED rule
will make a simple addition to the
existing Rule of 4 concept®® which
aides to ease the cognitive and prac-
tical challenges of thoracostomy or
ICD in injured children (Fig. 5).

Avre children’s arms and chests
just little adult arms and chests?

In medicine, it is often remarked that
‘children are not just little adults’.

Good Plan Goon Hole
4 steps 4th
Hole Tube (or 5th) intercostal space

between the anterior and
mid-axillary lines

1.site 1.size
2.push 2.find
3.sweep 3.start
4.keep 4.stop

4 x ETT size 4cm

4% (AT”+4) (Lo ey e hote 5 46m
inside the chest cavity)

Good Tube | Good Stop

Figure 5. The rule of 4’s: an aide mem-
oire to guide safe and effective decom-
pression of the pleural cavity and
insertion of a chest drain in paediatric
trauma: (i) 4 steps in a ‘good plan’;
(ii) 4th (or S5th) ICS as the basis for siting
a ‘good hole’; (iii) 4x uncuffed endotra-
cheal tube size (4x [age/4 + 4]) to select
a ‘good tube’; (iv) 4 cm mark to make a
‘good stop’ and so ensure the tube is in
far enough, but not too far.

This sentiment is a key driver for the
initiation of this study, as it could
not be assumed that the reliable per-
formance of the MAP technique
observed in adults would also apply
for children. Given our finding that
the MAP technique was less reliable
in some children and the importance
of the MAPPAED rule to restore this
reliability, we have reflected whether
age-based changes in the anthropom-
etry of the arm and chest wall may
be underpinning these findings.

The (upper) arm length, measured as
the distance from the shoulder to the
elbow, increases in linear fashion with
the age of the child to reach adult
length by 18-19 years of age. Studies
measuring upper arm length in large
numbers of ‘normal’ children provide a
good understanding of the natural
growth trajectory of the arm.’“*
These studies, based on more than
20 000 subjects, report mean upper
arm lengths of: 12.3 cm at 2-5 months,
18.5 cm at 2 years, 35.8 cm at 18 years
and 37.2 cm at 19 years.>'>

The growth trajectory of the tho-
racic cage is less well documented
and is more complex. The thoracic
cage growth is not linear, rather is
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typified rapid growth in the early
years of life, which slows until a
notable deceleration at 10-11 years
and achievement of adult dimensions
by 14-15years of age.”’ Adding
complexity to this non-linear trajec-
tory, growth patterns of the upper
thoracic (ribs 1-6) and lower tho-
racic (ribs 7-12) cage differ.”> These
distinct patterns may reflect differ-
ences in ontogeny>* and/or muscle
group insertion” between the upper
and lower thorax. Interestingly for
our considerations of the MAP tech-
nique, the basis for the association
between a distinct upper thoracic
growth pattern and ontogeny is
suggested to be its relationship to
lung and upper limb growth.**
Taken together, the linear relation-
ship between (upper) arm length and
age, non-linear relationship between
thoracic cage growth and age, and
differential upper and lower thoracic
growth may provide explanation and
justification for the age-based adjust-
ment recommended by our findings,
the MAPPAED rule. In the early
years of life, for example before
4 years of age, more rapid growth of
the thoracic cage appears to allow
this growth to keep pace with the lin-
ear increase in arm length, sustaining
the clinically relevant correlation
between the MAP and ‘safe zone’ for
pleural decompression (4th, Sth and
6th ICSs). As this thoracic growth
rate slows but (upper) arm length
continues in linear fashion the MAP
will be brought into a progressively
more caudal relationship on the chest
wall, such that pleural decompression
within the ‘safe zone’ requires the cli-
nician to enter one ICS higher (more
cranial) for children aged 4 years and
above. Finally, as the child reaches
the end of adolescence and adult
dimensions for arm length and tho-
racic cage growth are reached, the
adult relationship between MAP and
thoracic cage is achieved, with the
expected high reliability of the MAP
technique as per Bing et al.'”

Easing the procedural burden,
including pre-hospital
Although not measured in this study,

we noted that the MAP technique
was time efficient and easy to

perform, and so well suited for use
in the pressured context of trauma
resuscitation. The children partici-
pating in this study, had the MAP
technique performed in both resusci-
tative and non-resuscitative medical
contexts. Even in the resuscitative
setting, there were no reports that
the MAP measurement interfered
with or delayed the child’s other
medical management. This ease of
application for the MAP technique in
children is welcome, not only in the
paediatric trauma resuscitation room,
but also in pre-hospital environments.
A recent review of adult and paediat-
ric  trauma  patients  audited
179 thoracostomies performed by
suitably-trained paramedics over a
3-year period. In this series, pre-
hospital thoracostomy in adults and
children was associated with a low
rate of major complications.'” Given
the concerns regarding the efficacy of
needle thoracocentesis, these authors
recommend thoracostomy as the pre-
ferred approach for pre-hospital pleu-
ral decompression. With specific
reference to children undergoing pre-
hospital thoracostomy and/or ICD
insertion, the use of the MAP tech-
nique and MAPPAED rule could
make a positive safety-focused addi-
tion to training for, and performance
of, these pre-hospital procedures.

Clinicians who performed the
MAP technique in children varied in
grades: from interns through to
consultants. This suggests that mea-
suring and using the MAP, and the
age-based  application  of  the
MAPPAED rule, to determine a safe
site for pleural decompression in
children is easily taught, and within
the expected skill mix of clinicians of
all grades.

Limitations

Despite our best efforts to assess the
utility of the MAP technique in wide
range of children and ages, the abil-
ity to extrapolate our findings to the
paediatric population as a whole
may be limited by (i) small sample
size (only 712 measurements); and
(ii) the children participating in our
study were uninjured, for reasons of
study design and ethical
considerations.

Conclusion

MAPPAED rule: in children aged
4 years or more, use the MAP and
go up one ICS to hit the ‘safe zone’.
In children wunder 4 years, use
the MAP.

In summary, the MAP technique is
a reliable approach to determining a
safe site for pleural decompression in
children, albeit it requires an age-
based adjustment, the MAPPAED
rule, which correlates with changes
to arm and chest anthropometry
during childhood growth.

This will rapidly and easily iden-
tify a site within the ‘safe zone’ (4th
to 6th ICSs) in 9 out of 10 children.
Thus, the findings and application
of this study represents an advance
in paediatric trauma care that will
increase efficiency and reduce mor-
bidity of thoracostomy and intercos-
tal chest tube insertion. We will
now proceed to validate the
MAPPAED rule with further study.
The reality that the MAP technique
is not 100% reliable in children
reminds clinicians of the need to
stay engaged in the safety and steps
of their procedure, rather than rely-
ing solely on this guide to site pleu-
ral decompression. Checking is a

good final step, even in an
emergency.
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