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Abstract

Background Tension pneumothorax (TP) is a life-threatening condition. The immediate recommended manage-
ment is needle decompression (ND), followed by the insertion of an intercostal chest drain. The European Trauma
Course (ETC) and the Advanced Trauma Life Support (ATLS) guidelines differ on needle size and decompression site,
creating clinical uncertainty. This meta-analysis aims to explore the optimal approach for emergency needle decom-
pression in TP.

Methods This meta-analysis followed the PRISMA 2020 guidelines. It included English-language RCTs, cohort, case-
control, cross-sectional studies, and case series with more than six patients. Studies on adults undergoing needle
decompression therapy for TP or with chest wall thickness measurements were included. Ovid MEDLINE, Embase,
and Web of Science databases were searched until May 31, 2024. Data were extracted, assessed for quality using
OCEBM and GRADE, and analyzed using SPSS and OpenMeta with random-effects models. Primary outcome: needle

*Suhaib J. S. Ahmad and Jason R. Degiannis have made equal contributions
and share the position of first author.

*Correspondence:

Suhaib J. S. Ahmad

Suhaibsami94@gmail.com

Full list of author information is available at the end of the article

©The Author(s) 2025. 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.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13017-025-00613-7&domain=pdf

Ahmad et al. World Journal of Emergency Surgery (2025) 20:39

Page 2 of 12

comparisons.

0.91).

latrogenic injury, Trauma care

decompression failure rate. Secondary outcomes: patient demographics, cannula size, and chest wall thickness

Results This review analyzed 51 studies on needle decompression for TP, with a weighted mean patient age

of 36.67 years. Radiological data from 24 studies (n=8046) indicated a 32.84% failure rate for needle penetration

into the pleural cavity (I: 99.72%). Increased needle length reduced failure rates by 7.76% per cm. No significant dif-
ferences in chest wall thickness between genders were observed (T-test, p=0.77), but thickness at the 5th anterior
axillary line (5AAL) and 5th midaxillary line (5MAL) was less than at the 2nd midclavicular line (2MCL). Injury rates were
higher at 5AAL than 5MAL, with strong positive correlations between needle length and injury at these sites (0.88,

Conclusion Based on our meta-analysis, a 7 cm needle may be appropriate for decompression of right-sided

tension pneumothorax at either the 5th intercostal space along the midaxillary line or the 2nd intercostal space

along the midclavicular line. For left-sided cases, given the potential risk of cardiac injury, the 2nd midclavicular line

is a safer option. However, these recommendations should be interpreted with caution due to considerable heteroge-
neity among the included studies, potential risk of bias, and variability in measurement technigues. Clinical decisions
should always be individualized, taking into account patient-specific factors.

Keywords Tension pneumothorax, Needle decompression, Chest wall thickness, Needle length, Intercostal space,

Introduction

The lung moves smoothly within the chest cavity due
to the presence of two pleural layers, the parietal and
visceral pleurae. Between these two layers is the pleural
‘cavity, a potential space which contains a small amount
(5-10) of pleural fluid and maintains a pressure of
—4 mmHg at rest. The accumulation of air into the
pleural cavity is a pneumothorax and leads to a degree
of lung collapse [1]. Causes include trauma, medical
intervention, primary spontaneous pneumothorax
(no history of underlying lung disease), and secondary
spontaneous pneumothorax (history of underlying
pulmonary disease) [2]. A simple pneumothorax can
develop into a tension pneumothorax (TP) if a valve
mechanism forms, allowing air to enter the pleural
space but preventing it from escaping [3]. This is a life-
threatening condition requiring urgent intervention: the
progressive increase in intrathoracic pressure displaces
the mediastinum towards the opposite side, leading
to reduced venous return to the heart and resulting
in hemodynamic instability [4—6]. Immediate needle
decompression (ND) is the first line of treatment, aiming
to convert the tension into a simple pneumothorax. This
is followed by the insertion of an intercostal chest drain
as the definitive treatment [3, 7].

Recommendations from the European Trauma Course
(ETC) and the Advanced Trauma Life Support (ATLS)
regarding best practice for needle decompression in
TP are contradictory. The ETC suggests using a 14 or
16-gauge “extra-long” cannula at the 2nd intercostal
space along the midclavicular line (MCL), while the ATLS
recommends a 5 cm for small adults or 8 cm needle for
larger adults, at the 4th or 5th intercostal space in the

anterior midaxillary line (MAL). This inconsistency is
unhelpful, creating ambiguity for clinicians performing
emergency needle decompression in TP, when time and
precision are critical [5, 8—13]. In addition to addressing
the ongoing debate regarding optimal needle length and
insertion site, there is a critical need for standardized
approaches to measuring chest wall thickness (CWT)
and for clearly defined clinical outcome metrics.
Moreover, current literature predominantly emphasizes
short-term results, offering limited insight into long-term
complications such as iatrogenic injuries or the need for
repeat interventions. This meta-analysis not only seeks to
evaluate procedural efficacy but also aims to underscore
these important gaps in the existing evidence base.

Accordingly, we undertook this meta-analysis to
systematically review the available data and provide
evidence-based recommendations on appropriate needle
length and decompression site selection.

Patients and methods

This systematic review and meta-analysis strictly adhered
to the guidelines of the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) 2020
[14].

Inclusion criteria
Types of Studies:

English language
Randomized Controlled Trials (RCTs)

Prospective and retrospective observational studies:
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« Cohort studies

» Case—control studies

» Cross-sectional studies

+ Case-series with more than 6 patients

Population:

Adults (> 18 years) undergoing Needle
Decompression Thoracostomy (NDT) for proven
or suspected TP OR adults who had their chest wall
thickness (CWT) measured by ultrasound, computed
tomography (CT), or magnetic resonance imaging
(MRI).

Exclusion criteria
Types of Studies:

Animal studies

In vitro studies

Case reports
Commentaries

Review studies
Conference proceedings

Procedures and Treatments:

and not
first stage

Studies where needle
decompression  was
management of TP

aspiration
performed as

Information sources
Ovid MEDLINE, Embase, and Web of Science, from 1946
to May 31 st, 2024

Search strategy
A detailed search strategy in Supplementary Table 1a and
1b, performed by three independent reviewers.

Selection process

Screening of titles and abstracts, followed by full-text
reviews against criteria, with discrepancies resolved
through discussion with a third reviewer.

Data collection process
Standardized form data extraction by two independent
reviewers (SJSA, JRD, MH).

Data extraction
Data extracted are presented in supplementary Table 2.

Quality assessment
Quality assessment conducted by three independent
investigators (SJSA, JRD, MH, ARA, SP) using the Oxford
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Centre for Evidence-Based Medicine (OCEBM) Levels
of Evidence and the GRADE system, with discrepancies
resolved through consensus.

Statistical analysis
The statistical analysis was conducted using SPSS
(Chicago, IL, USA, Version 20.0) and OpenMeta. These
software packages facilitated the random-effects meta-
analysis, heterogeneity assessment, publication bias
assessment through funnel plots and Egger’s test, and
additional sensitivity analyses [15]. Effect sizes (mean
difference, odds ratio etc.) and results of meta-analysis
will be presented with 95% Confidence Interval (CI).

A 2-sided P< 0.05 will be considered statistically
significant.

Primary outcome

Needle decompression thoracostomy (NDT) failure
rate, in TP, estimated via a random-effects meta-analysis
model.

Secondary outcomes
Patient Demographics:

Age, gender, and body mass index (BMI)
Cannula Size:

Comparison of different lengths.
Chest Wall Thickness:

Comparison of chest wall thickness at various
decompression sites—including the midclavicular
line (MCL), midaxillary line (MAL), and anterior
axillary line (AAL)—as assessed using ultrasound
(US), computed tomography (CT), or magnetic
resonance imaging (MRI).

Complication rate analysis

Detailed analysis of complications associated
with needle decompression thoracostomy (NDT)
procedures.

Synthesis methods

Employed Der Simonian and Laird method for random-
effects meta-analysis to estimate pooled failure rates,
assessing heterogeneity with the I* statistic [16].

Reporting bias assessment
Funnel plots and Egger’s test for publication bias
assessment, considering small study effects. The
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Fig. 1 PRISMA flow diagram
ROBINS-I was used for Non-randomized controlled Results

trials [17].

Certainty assessment

The GRADE approach evaluated evidence certainty,
considering study limitations, inconsistency, indirectness,
imprecision, and publication bias.

Definition of clinical success of needle decompression
Needle Thoracostomy effectiveness was categorised as
having a positive clinical response if any of the below
identified clinical improvement criteria occurred [18]:

- Relief of Respiratory Distress

- Improvement in Hemodynamic Stability

- Decreased Jugular Venous Distension (JVD)
- Improvement in Oxygen Saturation

- Return of Respiratory Breath Sounds

- Decrease in Tracheal Deviation

- Decreased peak inspiratory pressure

It is important to note that different studies used
varying criteria or combinations thereof, leading to a
lack of uniformity in how clinical success was defined,
potentially affecting comparability.

The detailed data extraction is illustrated in the PRISMA
flow diagram as shown in Fig. 1.

Supplementary Table 3 presents
publications included in the study.

Out of the 51 studies analysed, 12 were prospective
and 39 retrospective. There were 46 case-series, 3 cross-
sectional studies, 1 case—control and 1 cohort study.

In terms of the evidence hierarchy as per the OCEBM
standards, 50 articles fell into Level IV evidence and
1 was categorized as Level III. The Egger test showed
an intercept value of 8.35, a slope of 0.08 and a P-value
of 0.999. These values indicate no significant evidence
of publication bias in this dataset. The high p-value
suggests that the observed effects are likely not due to
bias in the published studies.

The GRADE tool showed that all 51 studies were of
moderate certainty of evidence (Fig. 2).

Using the Risk of Bias in Non-randomized Stud-
ies (ROBINS-I) tool, 36 of the 51 articles were classi-
fied as having a moderate risk of bias, while 15 studies
were low risk. Figure 3 provides a detailed summary of
the bias risk assessment as evaluated by the ROBINS-I
Tool.

The weighted mean age of patients included in this
study was 36.67 years (CI 25.73-47.61). The total

the fifty-one
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Fig. 2 The GRADE tool assessment of the 51 included studies
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Bias in classification of interventions
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Bias in measurement of outcomes

Bias in selection of the reported result

Overall risk of bias

0%

Fig.3 Summary of the risk of bias

number of patients who sustained a pneumothorax
was 11,069, of whom approximately 2423 (67% male)
underwent needle decompression thoracostomies;
in some cases, more than one attempt was required.
Radiological findings were reported in 24 studies,
encompassing a total of 8,046 patients.

Approximately 82% of the injuries were related to
blunt trauma and approximatelyl8% to penetrating
trauma. Twenty studies reported their experience in
pre-hospital, while 33 articles reported decompression
in a hospital setting [11, 18—-67].

Radiological chest wall thickness

Supplementary Table 4 shows the average CWT
and range in males and females at three different
decompression sites (2MCL, 5 AAL and 5MAL).

The T-test indicated that there was no significant
difference  between male and female CWT
measurement statistics: —0.29, P-value: 0.77.

For both males and females, the Tukey HSD post-
hoc test indicated that the CWT at 5 AAL and 5SMAL
is less than at 2MCL. Furthermore, there was a
significant difference in CWT between the 5MAL and
5 AAL sites:

25% 50% 75% 100%

B towrisk [] Moderate risk

CWT at the 5AAL site is significantly thinner than
at the 5SMAL site (P <0.05).

The mean CWT varied across countries but showed
no statistically significant differences according to
ANOVA tests (Supplementary Table 5).

The regression analysis indicates that there
is a positive, weak and statistically insignificant
relationship between BMI and average CWT Slope:
0.4436, P-value: 0.7195.

Overall failure rate of needle decompression in tension
pneumothorax

The overall combined weighted average failure rate—
clinical and radiological—was approximately 43.08%
(95% confidence interval [CI]: 42.41-43.75) (Fig. 4).
These figures represent averages across highly hetero-
geneous studies (I?> 99%) with differing patient popula-
tions, imaging modalities, and outcome definitions, all of
which limit the generalizability and direct comparability
of our findings.

Clinical failure rate based on symptom improvement
When looking specifically at the failure rate for achiev-
ing clinical improvement (meaning a noticeable positive
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Forest Plot of Initial Failure Rates with Weighted Mean and 95% CI

95% Cl: [42.41, 43.75] ——~- Weighted Mean: 43.08

o
<
10}
=
o

N

VNN WWWAUIOOIUT.

FENWAUIUTUTUTIVIOIO NN 0O OO OO O NN WUTUIO OO N OB UTONIWO~IOUTI00~NIN!
NOLOFFRANNOWROUIRO OO0 AN WOUIO OFONFOOUIOIONWOO R

Number of Patients

-50 0 50 100 150 200
Initial Failure Rate (%)
Fig. 4 Forest plot of the initial failure rates of needle decompression in tension pneumothorax

Forest Plot of Initial Failure Rates with Weighted Mean and 95% CI
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Fig. 5 Forest plot of clinical failure rate based on symptom improvement
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Forest Plot of Initial Failure Rates with Weighted Mean and 95% CI
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Fig. 6 Forest plot of clinical failure rate related to needle length and chest wall thickness

change in the patient’s condition), it was 49.90% (CI
49.09-50.71). The I*= 99.18% (Fig. 5).

Clinical failure rate related to needle length and chest wall
thickness as determined by CT, MR, or ultrasound

For the proportion of cases where the needle success-
fully reached the pleural cavity after penetrating the chest
wall, as assessed using radiological imaging, at different
sites and needle lengths, the failure rate was 32.84% (CI
32.27-33.41), with an I? value of 99.72% (Fig. 6).

Assessing radiological failure rates (US/CT/MRI) of different
needle lengths at different sites

There is a statistically significant negative effect of
increasing needle length on failure rates for entering the
pleural space. As needle length increases, the failure rate
tends to decrease. Figure 7, Supplementary Table 6a,b,c

Overall trend

— For every 1 cm increase in needle length, the failure
rate decreases by approximately 7.76 % points, on
average.

— Intercept: 65.43

— R-Squared: 0.317

— p-value: 0.00064

The ANOVA results for failure rates across the sites,
2MCL, 5AAL and 5MAL, standardized by needle length,
are:

» F-statistic: 2.90
+ p-value: 0.0516

The p-value (0.0516) is above the typical significance
threshold of 0.05, indicating that there is no statistically
significant difference in failure rates between sites when
comparing standardized needle lengths, but the result is
noted to be close to significance.

Potential injury to the heart on insertion of needle
thoracostomy on the left side of the thorax. Figure 8
The Pearson correlation coefficients, which quantify the

strength of this relationship, are as follows:

+ Left 5AAL: 0.88 (strong positive correlation)

+ Left 5SMAL: 0.91 (strong positive correlation)
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Needle Size vs Failure Rate (Needles from 3 cm to 8 cm)
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Fig. 7 Needle size vs failure rate at different sites (Needles from 3cm to 8cm)

Potential Injury Rate vs. Needle Length for Different Sites
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Discussion:

The primary goal of needle thoracostomy is to convert a
TP into a simple pneumothorax, followed by definitive
management via the insertion of an intercostal drain
[9]. Diagnosing a TP in emergency settings can be
challenging, especially when key clinical signs such as
reduced/absent breath sounds, tympanic percussion, or
tracheal deviation are difficult to elicit [3-5]. Inserting a
needle into the thoracic cavity in cases of misdiagnosed
TP can lead to iatrogenic pneumothorax, complicating
subsequent treatment [10].

Patient-specific factors such as anatomical variation,
trauma mechanism, chest wall compliance, and
comorbidities (e.g., obesity, chronic pulmonary disease)
must be taken into consideration, when choosing site
of needle decompression and the needle length. Due to

that, there are different recommendations related to the
presence or absence of the above factors. It is true that
these recommendations serve Health professionals and
their patients well. On the other hand, it is important to
follow some standard recommendations that will apply to
all type of patients and will lead to swift and successful
management of TP. This has been attempted by the
ATLS and ETC organisations but unfortunately, there
is no consensus between the two, leading to possible
confusion.

The aim of our meta-analysis is to bridge the gap
between the above, by recommending a standardised site
for decompression as well as length of the decompression
needle irrespective of the presence or absence of what is
nowadays considered confounding factors.

Our meta-analysis indicates that, on average,
increasing needle length is associated with a reduction
in failure rates. However, Specifically, for each additional
centimeter of needle length, the failure rate decreases
by approximately 7.76 percentage points. This finding is
important in light of the conflicting recommendations
from the European Trauma Course (ETC) and Advanced
Trauma Life Support (ATLS) guidelines. The ETC
recommends a 14- or 16-gauge “extra-long” cannula,
while ATLS suggests using a 5 to 8 cm needle depending
on patient size [5, 7, 10-13], leading to confusion and
potential delay during emergency situations where
precision and timeliness are critical.

No significant difference in CWT was observed
between male and female patients (T-test statistic: —0.29,
p= 0.77), which suggests that factors such as BMI may
be more important in determining appropriate needle
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length. The chest wall was shown to be consistently
thinner at the 5 th anterior axillary line (5 AAL) compared
to the 2nd MCL (p <0.05), supporting the preference
for certain sites depending on the patient’s body build
and trauma type. Interestingly, our regression analysis
demonstrated no strong relationship between BMI and
CWT (slope: 0.4436, p= 0.7195), which may be explained
by BMI’s inability to account for fat distribution and
muscle mass differences that can influence CWT.

The risk of heart injury during left-sided decompression
is a significant concern, particularly with longer needles.
TP displaces the mediastinum, but this effect is more
pronounced in the upper mediastinum than in the lower,
leaving the heart vulnerable to injury, especially if the
needle is inserted at the 5th ICS. Our study showed a
strong correlation between needle length and injury
risk at the left 5AAL and 5SMAL sites was strong, with
increasing needle length associated with higher injury
rates (correlations of 0.88 and 0.91, respectively).
Therefore, we suggest that the 2nd ICS along the MCL
may be a safer site for left-sided decompression to reduce
this risk, but this should be guided by clinical context and
patient anatomy.

Compared to previous literature, our findings support
the use of longer needles, which several studies have
found to be more effective at successfully penetrating
the pleural cavity. Hecker et al. [38] demonstrated
that a 7 cm needle was successful in over 90% of cases
when inserted at the 2nd MCL, which aligns with
our recommendations. Other studies have similarly
concluded that shorter needles, particularly 5 cm, often
fail to penetrate the pleural space, particularly in patients
with a higher BMI or a thicker chest wall [37, 49].
However, although increasing needle length improves
success rates, it also results in increased risk of injury
to underlying structures [30, 45, 56, 60], thus requiring
careful consideration during clinical decision-making.

Limitations

This meta-analysis has several limitations that must
be considered. Firstly, the included studies showed a
high level of heterogeneity (I*> 99%) in terms of design,
patient demographics, and trauma settings, which limits
the generalizability of our findings [16]. Secondly, most
studies were retrospective and fell into lower evidence
levels (Level IV), with only one study at Level III,
potentially introducing bias. The use of different imaging
modalities (ultrasound, CT, MRI) introduces variability
in chest wall thickness measurements, particularly
since ultrasound is operator-dependent and can be
influenced by factors such as probe pressure and tissue
compressibility [27, 28]. The regression analysis on BMI
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and chest wall thickness, though included, yielded weak
and statistically insignificant results, suggesting BMI may
not be a reliable predictor for CWT [30, 45, 56, 60].

Furthermore, clinical improvement criteria varied
significantly between studies, ranging from oxygen
saturation improvement to more subjective measures
like breath sound return. This inconsistency reduces the
comparability of results.

Additionally, most included studies focused on
immediate or short-term outcomes. Data on long-term
complications—such as persistent iatrogenic injury,
infection, or repeated interventions—were scarce. Future
research should aim to address these gaps, ideally through
prospective, multi-centre trials using standardized
techniques and outcome definitions [68-77].

Conclusion

+ The purpose of this study is to facilitate effective
decompression of tension pneumothorax irrespective
of the individual chest wall, by recommending a
standardized decompression site and needle length.
Based on our meta-analysis, we suggest the following:

+ Right-sided tension pneumothorax, should be
decompressed with a 7 cm decompression needle,
inserted at the 2nd intercostal midclavicular line or
the 5th midaxillary line.

o Left-sided tension pneumothorax, should be
decompressed with a 7 cm decompression needle,
inserted at the 2nd intercostal midclavicular line.

o Left-sided tension pneumothorax should not be
decompressed at the 5th midaxillary line, due to risk
of cardiac injury.

+ We believe that the above is a viable proposition.
However, taking into consideration the limitations of
this study, we feel that it is of paramount importance
for its suggestions to be assessed by prospective,
multi-centre trials.
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