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ARTICLE INFO ABSTRACT
Keywords: Background: Emergency finger thoracostomy (EFT) has been implemented in several European prehospital set-
Prehospital

tings for intubated and ventilated patients with chest injuries. The indication for intervention in cardiac arrest
and peri-arrest situations is clear. EFT may also be applicable in ventilated but macrohemodynamically
compensated patients. This study aims to help prehospital providers understand the benefits and applicability of

Helicopter emergency medical service
Emergency thoracostomy

Pneumothorax

. EFT.
Tension pneumothorax ) . X L.
Hemothorax Patients and methods: A retrospective analysis was conducted consisting of 114 EFT cases over 53 months. All
Chest decompression chest-injured patients had suspected intrapleural pathology and potential compensated obstructive shock state.
Thoracic trauma Two groups were compared: I. Positive clinical finding after EFT: audible air (pneumothorax (PTX)) and/or blood

(hemothorax (HTX)) (n = 85); II. Negative clinical finding: no audible air and/or blood escaping during the
procedure (n = 29). The primary endpoint was the effect of EFT on the physiologic parameters. The secondary
endpoint was the association between intrathoracic pathology observed during EFT and the physiologic effect.
Results: In 75 % of all cases, after EFT, intrapleural pathology was detectable by on-site physical examination.
After EFT SpO2 levels increased from 89.6 % (SD 10.7) to 94.9 % (SD 6.7) (p < 0.001). The other physiological
parameters did not change significantly (p = 0.346 or higher). In subgroup analysis, there were appreciable
increases in SpO2 for those with PTX or PTX with HTX, that were not seen in those with HTX alone or those with
negative clinical findings (p < 0.001). No significant adverse effects of EFT were noted during the prehospital
phase or in the hospital follow-up period.

Discussion: EFT performed in ventilated patients with suspected compensated obstructive shock (and stable
macrohemodynamic) resulted in audible air and/or blood escape and an improvement in oxygenation if PTX or
PTX with HTX were the underlying pathology.

Conclusion: Performing an EFT should be considered not only for deteriorating obstructive shock state but also for
potentially compensated shock. Even with diagnostic uncertainty, the benefits of an EFT may outweigh the risks.
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Background

Chest injuries represent the third most prevalent cause of death
among severely injured patients [1]. These injuries account for nearly a
quarter of all trauma-related fatalities [2]. Damage to chest wall struc-
tures, such as the ribs, sternum, and/or lung parenchyma, and medias-
tinal organs, significantly affects survival outcomes [3]. “Scoop and run”
and “stay and play” are two well-established approaches in the pre-
hospital care of severely injured patients, each offering distinct advan-
tages and disadvantages [4]. Life-saving interventions that were
previously reserved for in-hospital care are now available to prehospital
health care providers (blood transfusion, chest cavity decompression,
surgical airway, endovascular intervention), with significant changes in
these paradigms. Various factors determine the optimal treatment at the
scene and en-route in the modern prehospital setting: the combination of
injuries, the transport platform, and the capability and equipment of the
clinical crew. In cases of penetrating trauma, quality survival depends
on early surgical treatment to control bleeding. In blunt trauma,
appropriate on-site care is the most beneficial, including securing a
patent airway and circulatory stabilization. One principal aim is to avoid
secondary damage. There are cases of head injuries for whom appro-
priate on-site treatment could be also definitive [5]. Often patient injury
patterns are not straightforward and have a more complex combination
of injuries which require appropriate on-scene procedures as well as
urgent transport. The prehospital environment is not an optimal setting
for the identification of minor changes in organ perfusion or fine he-
modynamic measurements. There is a significant level of heterogeneity
in the relevant literature data with low levels of evidence for distinct
procedures, such as optimal prehospital management for possible
intrapleural pathology like PTX and/or HTX. The increasing popularity
of emergency finger thoracostomy challenges the formerly dominant
tube thoracostomy - preferred by many first responder services - and the
large bore needle decompression typically performed by combat medics
[6,7]. The expected beneficial effect of EFT on an intubated and venti-
lated patient is overshadowed by the reported overall complication rate
of 10-12 % [8]. Several studies have assessed changes in vital param-
eters following on-site intervention in tension PTX and/or HTX. The
significant change of vital parameters reflected the causal treatment of
uncompensated obstructive shock. When the lung collapses as a result of
intrapleural pathology, the ventilation-perfusion (V/Q) ratio shifts in
the direction of perfusion. If this shift is large enough, it may be reflected
in macro-hemodynamic parameters [9]. Based on the physiological ef-
fect, we can distinguish between simple and tension PTX (tPTX) [10].
Due to the increase in intrathoracic pressure, the tPTX leads to the
development of obstructive shock, and intermittent positive pressure
ventilation (IPPV) accelerates this process. With large HTX, hypo-
volemic shock may also be present. HTX can additionally lead to
obstructive shock, but this is less common [11]. Obstructive shock
caused by tPTX is a process that begins with compensated shock. This
initial stage progresses to uncompensated shock, characterized by sig-
nificant deviations in macro-hemodynamic parameters [12,13]. There is
limited evidence to guide decision-making for implementing prehospital
EFT in patients with signs of pneumothorax but without shock in order
to prevent further deterioration. As the obstructive shock is in the
compensated phase, adaptation of the circulatory system leads to pro-
gressively increasing systemic vascular resistance and a consequential
decrease in organ perfusion. Circulatory shock is always progressive and
it shifts continuously from “stable” macrohemodynamic parameters (but
impaired microcirculation) to an unstable phase [14]. The specific
subgroup of such patients with potential compensated obstructive shock
caused by intrapleural pathology falls in a “gray zone” of
decision-making. Skepticism about the necessity of intrapleural pressure
relief in these cases is challenging the acceptance of EFT as a standard
operating procedure.

Available literature demonstrates that EFT is an effective and safe
procedure for tension PTX in uncompensated shock patients with clearly
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impaired macrohaemodynamics [7,15-17]. The goal of this study was to
examine the effects of EFT on macrohemodynamically stable, positive
pressure ventilated patients with suspected PTX and/or HTX. Hypo-
thetically, the observed changes would reflect effect of pressure relief in
compensated obstructive shock patients. The results based on this pop-
ulation could help to better understand the risk-benefit ratio of EFT in
stable blunt chest trauma patients.

Patients and methods
Study design

The study is a retrospective observational study of 114 cases that
received treatment between May 1, 2018, and November 1, 2022,
administered by the Hungarian Helicopter Emergency Medical Service
(HEMS). Hungarian HEMS documentation is maintained in its own
computer system (HEMSDOK), with automatic vital parameter and ul-
trasound image integration. This is an automatic process with data
uploaded at the end of each case. All case documentation was reviewed
and validated by a third party who is also a HEMS physician. The
documentation for quality control is randomly distributed between 10
HEMS consultants who are independent of the treating crew. All rele-
vant case notes pertaining to post-mission procedural reports and hos-
pital handover details, including the study, received ethical approval
(IV/2746-3/2022/EKU, ETT TUKEB).

The EQUATOR (Enhancing the Quality and Transparency of Health
Research) network and STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) statement were used for the
study design.

Study settings

The HEMS in Hungary is an integral part of the nationwide first
responder ambulance network, encompassing the entire country (9.7 M
individuals, 93.026 km2), and 7 bases on daytime duty with Airbus EC-
135 helicopters. The HEMS Crew consists of 3 people: a pilot, a para-
medic, and a physician. The majority of doctors have specialized qual-
ifications in anesthesiology, intensive therapy, or emergency medicine,
and there are also specialist qualifications in trauma, orthopedics and
general surgery. More than half of the HEMS missions are for major
trauma. The average flight time is 21 min to the scene, and 17 min to the
local Level 1 Trauma Center. Transport by ground is significantly slower
and for this reason, these patients are usually transported by helicopter.
HEMS makes treatment recommendations and guides decision-making
utilizing its own Standard Operating Procedures (SOP). Emergency on-
site thoracostomy is a standard procedure for mechanically/positive
pressure ventilated patients requiring chest decompression [18-21].
This EFT procedure aligns with the Advanced Trauma Life Support
(ATLS) chest decompression guidelines, with the exception of inserting a
chest drain into the thoracostomy cavity [22,23]. All physicians of the
Hungarian HEMS receive medical training, which includes the regular
implementation of EFT. Ultrasounds are available on all helicopters, but
the skill levels of the providers vary significantly. Ultrasounds support
the decision-making process as positive findings (the absence of sliding,
lung point) establish a relative indication for EFT (Table 1). It is an
important attribute of the EFT standard operational procedure that ul-
trasound alone cannot be used to rule out EFT if either absolute or
relative indications are present. All procedure-related early adverse re-
actions (bleeding, position error, occlusion) are registered in HEMSDOK
and reviewed by multiple third-party HEMS physician consultants
independently of the treating crew.

In Hungarian Level 1 Trauma Centers, seriously injured patients are
cared for in a similar way. There is no national SOP, but most of hos-
pitals follow the recommendations of the European Trauma Course
(ETC). After admission, patients with EFT usually receive antibiotic
prophylaxis and chest tube insertion into the EFT hole. Hospital follow-
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Table 1
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Indications for the emergency finger thoracostomy (EFT; Hungarian HEMS protocol).

1. Traumatic cardiac arrest.
2. Hemodynamically unstable. ventilated casualty suspected tPTX (tension PTX).
3. Hemodynamically stable. ventilated casualty with whom high suspicion of PTX:
a. surgical emphysema
b. ultrasound proven
c. penetrating chest trauma
d. extensive flail chest

4. A hemodynamically stable. ventilated casualty in whom PTX is possible based on any of the following risks of developing tPTX

a. absent breath sound/side difference despite proper tracheal tube position and patency

b. a combination of relevant injury mechanisms and extensive chest wall damage
c. serial palpable rib fractures

Groups 1 and 2: absolute indication for EFT

Groups 3 and 4: relative indication — judged by the individual attendant (HEMS physician)

up was limited. Many of the patients were documented as an “unknown
patient” (John/Jane Doe) in the prehospital phase and consequently for
a few days during the hospital stay. The follow-up was unreliable/
impossible after proper identification and name change in the
documentation.

The selection criteria for inclusion in this study include the
following:

e Over 18 years of age

e Blunt chest trauma and potential intrapleural pathology (PTX and/or
HTX)

e EFT on one or both sides (s) of the chest according to criteria 3 and 4
in Table 1

e Stable hemodynamics identified by the use of full dose ketamine
induction at the Rapid Sequence Intubation (RSI) (2 mg/kg) [24-26]

e The time window between RSI and thoracostomy was <5 min [27,
28]

e No need for circulation-supporting medication

Stable hemodynamics was defined as SBP > 90 Hgmm, MAP > 65
Hgmm, P < 140/min.
The exclusion criteria in this study include the following:

e Traumatic Cardiac Arrest (TCA)

e Uncompensated obstructive shock, with macro-hemodynamic
parameter changes (SBP < 90 Hgmm, MAP < 65 Hgmm, P > 140/
min)

During EFT, one of the four outcomes was registered: 1) pneumo-
thorax (PTX) (clearly noticeable air escape during EFT); 2) hemothorax
(HTX),(clearly noticeable blood escape); 3) PTX and HTX combined; and
4) negative physical findings (no noticeable air/blood escaped during
the procedure).

Unilateral and bilateral chest pathologies were accounted for
separately.

The prehospital indications representative of EFT are listed in
Table 1.

The presence of one of the signs listed in Table 1 is adequate to form
an indication (absolute or relative) for EFT in the study and in the
standard operational procedure as well. Table 1 is a translation of the
HEMS SOP update version at this time. These physical signs serving the
basis of suspicion for PTX and/or HTX formed the decision for all pa-
tients uniformly. The following parameters were registered: Pulse (P),
oxygen saturation (SpO2), blood pressure: systolic (SBP), mean arterial
pressure (MAP), and end-tidal carbon-dioxide (etCO2). All patients had
a set of four measurements as a block of data: prior to and following RSI
and prior to and following EFT. To compare changes before and after
EFT, the last measurement before the intervention and the 3-minute
post-intervention parameters were used. More than a 10 % change in
the parameters was considered statistically significant.

For statistical analysis, TIBCO Statistica 14.0 was used. Paired t-tests
were performed on the entire sample to assess parameter changes. In the
analysis, group D (control group) with negative chest findings served as
the cohort group for misdiagnosis, against which changes in groups A, B,
and C were compared. Univariate one-way ANOVA was conducted to
compare the means of groups, followed by Tukey’s HSD post-hoc test.
The cross tabulation in Table 7 was analysed using the chi-squared test
with Yates’ continuity correction. The significance level was set at p <
0.05.

According to our hypothesis, alteration of vital signs may reflect the
effect of EFT on resolution of compensated obstructive shock in mac-
rohemodynamically stable blunt chest trauma patients. In this group of
patients, the effect of intrapleural pathology could be verified with
certainty if the intervention were withheld and the macro-hemodynamic
parameters deteriorated. However, this approach could be harmful to
patients, and might be considered unethical. The cabin of the helicopter
is not suitable to perform EFT during flight and the patient evacuation
en-route usually takes significant time. According to Hungarian HEMS
SOP, EFT should be performed before the patient is immobilized in the
cabin. According to our nomenclature, obstructive shock with changes
in macro-hemodynamic parameters is considered uncompensated
shock.

The goal of this study was to examine the effects of EFT on macro-
hemodinamically stable and positive pressure ventilated patients with
suspected PTX and/or HTX. Our study focused on the “gray zone” of
patients whose condition, based on physical examination, indicated
possible compensated obstructive shock due to PTX.

The primary endpoint was the vital parameter change based on the
intrathoracic pathology. The secondary endpoint was the association
between intrathoracic pathology observed during EFT and the physio-
logic effects.

Results

During the study period, 5350 HEMS trauma missions were
completed, in which EFT was performed in 384 cases (7.2 %). 114/384
patients were eligible for this study with suspected intrapleural pa-
thology and potential compensated obstructive shock state.

Demographics: male (74/114), female (40/114), average 42 (SD 12)
years. Mechanism/ cause of injury: road traffic accident (n:67), fall from
height (>5 m; n:17), and industrial accident (n:30). The prehospital
National Advisory Committee for Aeronautics score (NACA) was 4 or 5
in all cases. NACA score 4 means potential life-threatening disorder,
while NACA score 5 means acute life-threatening disorder [29]. 49/114
patients underwent unilateral interventions, and 65 bilateral in-
terventions were performed (179 EFT in 114 patients). The
above-detailed EFT procedural outcomes served as criteria for inclusion
into one of the four study groups (Fig. 1.).
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All missions
N=13.377

l

Unstable patients EFT performed Traumatic Cardiac Arrest
N=103 N=384 N=167
Selected EFT cases
N=114

—

T

Group A: PTX Group B: HTX Group C: PTX&HTX Group D: negative
N=56 N=5 N=24 N=29
Control group
N=29

Fig. 1. Study groups.

Group A: (n = 56); PTX on one or both sides and proven by physical
findings (The chest pressure is sufficiently positive for the turbulence
of the escaping air to be audible in prehospital setting).

Group B: (n = 5); HTX on one or both sides and proven by physical
findings without PTX (intrapleural blood escaping during the
procedure).

Group C: (n = 24); PTX with HTX combined on one or both sides or
PTX on one side and HTX on the other side (audible air and blood
escaping during the procedure).

Group D: (n = 29); negative clinical findings (procedure performed
based on strong clinical suspicion of intrapleural pathology and
compensated obstructive shock, however no audible air and/or
blood escaped during the procedure. No audible air escaping does
not exclude the possibility of PTX with minimal or no pressure
elevation in the intrapleural space).

On-site physical diagnosis of threatening obstructive shock heralded
by the escape of a significant amount of air and/or blood during the
procedure was correct in 75 % of all cases (85/114).

There were patients for whom vital parameters were missing, or the
change could not be calculated due to the lack of pre-intervention or
post-treatment measures. The descriptive statistics are shown in Table 2.

The parameters were examined by paired t-test on the whole sample
(n = 114) prior to and following EFT. Most of them did not change
significantly: HR (p = 0.346), SBP (p = 0.449), MAP (p = 0.956), etCO2
(p = 0.950). The sole exception was in case of Sp0O2, in which a signif-
icant increase was detected (p < 0.001) on the whole sample. The
changes are indicated in Table 2, and the statistical analyses are shown
in Table 3.

To further investigate the parameter changes among the subgroups,
one-way ANOVA tests were performed. The results indicated that only
SpO2 showed a significant difference in variability among the subgroups
(p = 0.005). Pairwise Tukey HSD revealed a significant difference in
SpO2 changes between group C (PTX with HTX) and group D (negative
finding) (p = 0.003), as well as between group A (PTX) and group D (p =
0.035). (Tables 4,5)

We investigated the effect of PTX and HTX on either side as inde-
pendent factors using univariate ANOVA for each parameter, finding

significant deviation from the control only in the case of SpO2 shift
among PTX patients (with or without HTX, p = 0.001). Furthermore, this
method was used to examine the synergistic effects of PTX and HTX on
parameter changes, but the test did not reveal any interaction (Table 6).

We created a crosstabulation showing the distribution of SpO2 shifts
with a 10 % upper cutoff among patients with (groups A, C) or without
(groups B, D) PTX (independent of HTX status). We did not find patients
with over 10 % decrease of SpO2. The Yates corrected Chi-square with p
= 0.002 underlined the suspected SpO2 change associated with PTX,
shown in Table 7.

There were no reported or observed procedure-related early adverse
reactions (bleeding, position error, occlusion). The in-hospital follow-up
was available in 70/114 cases. The average follow-up period following
admission was 15 days (SD 6 days). Among these cases, septic condition
developed in 7/70 patients. Hospital examinations did not confirm
thoracic empyema in any of the septic patients.

Discussion

Cardiopulmonary arrest or blunt chest trauma presenting with un-
compensated shock and macrohemodynamic deterioration offer clear
indications for the EFT procedure. These critical situations decisively
challenge first responders because of narrow time windows and highly
limited diagnostics. The goal of this study was to examine the effects of
EFT on macrohemodinamically stable and positive pressure ventilated
patients with suspected PTX and/or HTX. Our study focused on the “gray
zone” of patients whose condition, based on physical examination,
indicated possible compensated obstructive shock due to PTX.

Following EFT, intrathoracic pressure relief was detected as certain
physiological parameters improved. The rate of normalization of the
parameters depended on the kinetics of pressure change. In our blunt
chest trauma cohort, no effect on SBP, MAP, and/or etCO2 was detected.
Additionally, no differences were observed between the positive clinical
findings groups (Groups A, B, and C) and the negative clinical findings
group (Group D). It is possible that changes in the hemodynamics
(cardiac output, systemic vascular resistance, preload) as compensated
shock gradually resolved were not reflected in macro-hemodynamic
parameters.



Table 2
Descriptive statistics.

all group A (PTX only) group B (HTX only) group C (PTX and HTX) group D (negative)
Count 114 56 5 24 29
Percent 100 % 49 % 4% 21 % 25%

Last value before thoracostomy

all

group A (PTX only)

group B (HTX only)

group C (PTX and HTX)

group D (negative)

Valid N Mean Std.Dev Valid N Mean Std.Dev Valid N Mean Std.Dev Valid N Mean Std.Dev Valid N Mean Std.Dev
HR 114 120.68 25.25 56 122.38 26.10 5 105.60 16.68 24 122.46 29.89 29 118.55 20.20
Sp02 108 89.63 10.71 51 90.78 9.96 5 96.20 4.76 24 84.71 13.15 28 90.57 9.35
SBP 105 110.71 32.93 52 112.19 33.16 4 117.50 41.73 22 112.14 35.39 27 105.70 30.49
MAP 105 85.91 25.19 52 85.88 24.85 4 90.75 31.22 22 87.18 27.54 27 84.22 24.36
etCO2 113 34.24 8.69 56 36.04 9.26 4 32.75 2.99 24 32.63 7.81 29 32.31 8.35
First value after thoracostomy
all group A (PTX only) group B (HTX only) group C (PTX and HTX) group D (negative)
Valid N Mean Std.Dev Valid N Mean Std.Dev Valid N Mean Std.Dev Valid N Mean Std.Dev Valid N Mean Std.Dev
HR 114 122.39 23.41 56 125.50 24.96 5 118.80 24.24 24 118.83 25.43 29 119.97 18.25
Sp02 108 94.92 6.69 51 97.14 5.02 5 96.00 5.66 24 93.63 6.57 28 91.79 8.24
SBP 104 112.64 29.17 52 114.42 25.38 4 120.50 40.32 23 110.78 30.19 25 109.40 34.83
MAP 104 86.02 22.43 52 87.38 19.36 4 88.50 27.09 23 86.00 21.34 25 82.80 28.95
etCO2 114 34.21 7.28 56 35.45 6.71 5 34.40 3.51 24 34.25 7.00 29 31.76 8.61
Parameter change (value after - value before)
all group A (PTX only) group B (HTX only) group C (PTX and HTX) group D (negative)
Valid N Mean Std.Dev Valid N Mean Std.Dev Valid N Mean Std.Dev Valid N Mean Std.Dev Valid N Mean Std.Dev
HR 114 1.71 19.31 56 3.13 16.99 5 13.2 16.2 24 —-3.63 23.17 29 1.41 20.19
Sp02 107 5.22 8.19 50 6.22 7.66 5 -0.2 1.3 24 8.92 11.23 28 1.21 3.57
SBP 100 1.71 22.47 51 2.35 24.16 4 3.0 7.6 22 0.00 20.96 23 1.70 22.68
MAP 100 0.11 19.69 51 1.49 20.01 4 -2.3 4.3 22 -0.59 18.55 23 —-1.87 22.20
etCO2 113 —0.04 5.98 56 -0.59 6.96 4 1.5 2.4 24 1.63 4.91 29 —-0.55 4.93
At least 10 % change of parameter value
all group A (PTX only) group B (HTX only) group C (PTX and HTX) group D (negative)
>10 % no sign. >10 % >10 % no sign. >10 % >10 % no sign. >10 % >10 % no sign. >10 % >10 % no sign. >10 %
decrease  change increase decrease change increase decrease change increase decrease change increase decrease  change increase
HR (valid 16 70 28 6 36 14 0 2 3 6 12 6 4 20 5
N)
Percent 14 % 61 % 25 % 11 % 64 % 25 % 0% 40 % 60 % 25 % 50 % 25 % 14 % 69 % 17 %
Sp0O2 0 82 25 0 35 15 0 5 0 0 15 9 0 27 1
(valid N)
Percent 0% 94 % 22 % 0% 63 % 27 % 0% 100 % 0% 0% 63 % 38 % 0% 93 % 3%
SBP (valid 19 51 30 11 24 16 0 3 1 4 10 8 4 14 5
N)
Percent 17 % 45 % 26 % 20 % 43 % 29 % 0% 60 % 20 % 17 % 42 % 33 % 14 % 48 % 17 %
MAP (valid 29 42 29 17 16 18 0 4 0 6 9 7 6 13 4
N)
Percent 25 % 37 % 25 % 30 % 29 % 32% 0% 80 % 0% 25 % 38 % 29 % 21 % 45 % 14 %
etCO2 19 74 20 12 32 12 0 3 1 1 18 5 6 21 2
(valid N)
Percent 17 % 65 % 18 % 21 % 57 % 21 % 0% 60 % 20 % 4% 75 % 20 % 20 % 72 % 8%

0 72 Loms ‘q

1€€211 (5202) 95 fnfur
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Table 3

Paired t-tests with parameter changes (value after - value before) on whole sample.
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N Diff. Std.Dev. Diff. t df P Confidence —95 % Confidence +95 %
HR 114 -1.711 19.311 —0.946 113 0.346 —5.294 1.873
Sp02 107 —5.215 8.185 —6.590 106 <0.001 —6.784 —3.646
SBP 100 -1.710 22.473 -0.761 929 0.449 —6.169 2.749
MAP 100 —0.110 19.686 —0.056 99 0.956 —4.016 3.796
etCO2 113 0.035 5.985 0.063 112 0.950 —1.080 1.151
Table 4 Table 6

Univariate ANOVA comparing means of parameter changes among groups A/B/
C/D.

Univariate ANOVA comparing parameter change in case of PTX on any side,
HTX on any side and (PTX on any side) x (HTX in any side).

HR change HR change
ss df MS F p ss df  Ms F p
Intercept 677.530 1 677.533 1.832 0.179 Intercept 677.530 1 677.533 1.832 0.179
Groups A/B/C/D 1457.860 3 485.954 1.314 0.274 PTX on any side 776.940 1 776.944 2101  0.150
Error 40,681.580 110 369.833 HTX on any side 86.270 1 86.268 0.233  0.630
Total 42,139.450 113 (PTX on any side) x (HTX on  1168.650 1 1168.651 3.160  0.078
any side)
8pO2 change Error 40,681.580 110  369.833
ss df MS F P Total 42,139.450 113
Intercept 877.169 1 877.169 14.744 <0.001 Sp02 change
Group A/B/C/D 974.128 3 324.710 5.458 0.002
Error 6127.928 103 59.494 S8 . Ms F P
Total 7102.056 106 Intercept 877.169 1 877.169  14.744  <0.001
P PTX on any side 670.660 1 670.661 11.273  0.001
change HTX on any side 5.530 1 5.530 0.093  0.761
SS df MS F P (PTX on any side) x (HTX on ~ 56.829 1 56.829 0.955 0.331
any side)
g“er“eit . 138'570 ; ;38‘2‘;’9 8'267 0'227 Error 6127.928 103  59.494
roup A/B/C/D 92.070 .6 .059 0.981 Total 7102.056 106
Error 49,906.520 9% 519.860
Total 49,998.590 99 SBP change
MAP change SS df MS F p
ss df MS F P Intercept 138.570 1 138569 0.267  0.607
PTX on any side 15.310 1 15.307 0.029  0.864
g“ercegf . igbgioo ; 22322 8'(1’;3 g';gz HTX on any side 3.070 1 3.067 0.006  0.939
roup A/B/C/D -37 7345 185 - (PTX on any side) x (HTX on  37.310 1 37306 0072 0.789
Error 38,147.420 9% 397.369 any side)
Total 38,367.790 29 Error 49,906.520 96  519.860
etCO2 change Total 49,998.590 99
SS df MS F p MAP change
Intercept 11.442 1 11.442 0.319 0.573 SS df  MS F p
group A/B/C/D 10(1).15071 f 33.502 0.934 0.427 Intercept 28.920 1 28923 0073 0788
m’; ign.zss 1‘1)2 35.884 PTX on any side 70.250 1 70254 0177 0.675
Tota 85 HTX on any side 16.900 1 16900  0.043 0.837
(PTX on any side) x (HTX on 8.070 1 8.067 0.020 0.887
any side)
Error 38,147.420 96  397.369
Table 5 Total 38,367.790 99
Tukey HSD post-hoc test on average changes of SpO2.
. etCO2 change
none PTX HTX PTX with HTX
ss df  Ms F p
none 0.035 0.982 0.003
PTX 0.035 0.292 0.497 Intercept 11.442 1 11.442 0319 0573
HTX 0.982 0.292 0.083 PTX on any side 0.022 1 0.022  0.001  0.980
PTX with HTX 0.003 0.497 0.083 HTX on any side 52.903 1 52.903 1.474  0.227
(PTX on any side) x (HTX on any 0.077 1 0.077 0.002 0.963
side)
According to our primary hypothesis, the oxygenation (SpO2) Error 3911.351 109  35.884
Total 4011.858 112

increased significantly after EFT compared to the pre-EFT value.
Examining each subgroup, the change was significant in the presence of
PTX and PTX with HTX intrathoracic pathologies. Pairwise Tukey HSD
analysis revealed a significant deviation in SpO2 changes between the
PTX and the control group (negative findings), as well as between the
PTX with HTX group and the control cohort. During crosstabulation and
Chi2-test, examining the presence of PTX independently of the presence
of HTX, we found a significant correlation when considering an increase
greater than 10 %.

The kinetics of alteration in intrapleural pressure caused by PTX

and/or HTX did not have significant impact on macro-hemodynamic
parameters prior to RSI in the examined chest injured population.
Consequently, the injured had stable hemodynamics, and no critical
oxygenation disorders could be identified. Nevertheless, a noticeable
improvement was observed post-EFT, significantly affecting SpO2 in
many cases. The strength of the correlation between clinical findings
and the increase in SpO2 suggests that the presence of PTX and PTX-HTX
combined pathology exerted the most substantial influence.
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Table 7
Crosstabulation and chi-squared test with Yates’ continuity correction on (PTX
on any side) x (10 % SpO2 change).

no or <10 % increase in >10 % increase in

Sp02 Sp02
PTX on any side (groups A. 32 1
Q)
no PTX observed (groups B. 50 24
D)
Yates corrected Chi-square X =9.44 p =0.002

The audible sound when the air leaves the chest is caused by tur-
bulent flow. Theoretically, in case of minimal outflow intensity, there
may be weak turbulence that cannot be heard in the noisy prehospital
environment. The EFT is performed in the midaxillary line, so in a supine
position, there is an amount of fluid that cannot leave due to gravity
despite the driving force of the ventilated lungs.

Pulmonary contusion is common with blunt chest trauma [30]. As a
consequence of extensive acute lung injury, the respiratory surface and
the lung’s reserve capacity are diminished. PTX, HTX, and pulmonary
contusion can synergically reduce the lung’s ability to engage in effi-
cient gas exchange and can contribute to V/Q mismatch.

The recent emergence of non-intubated thoracic surgery (NITS) is a
strong argument and proof regarding the pressure tolerance of the
intrapleural space. Thoracic surgery could be considered a form of
artificial trauma for the patient. The relationship between the intra-
pleural pressure change and the hemodynamic effect shows continuity
[31].

To effectively perform EFT, the provider must have full 360 degrees
access around the patient and access to the thorax. During transport of
the injured patient to the hospital by ground, it is easy to stop and take
the patient out of the ambulance to perform the intervention. Landing by
helicopter and removing the patient is much more complicated and
takes more time (depending on the terrain and on the on-board stretcher
system, it can take 3-6 min ). There is an ongoing debate about the safest
operational procedure but these circumstances clearly favor on scene
EFT. Here we provided evidence for the beneficial physiological effects
of EFT in “gray zone” patients. There is sufficient previous evidence that
EFT is a safe and effective procedural method. The cited evidence and
the penetration of the procedure into guidelines are reassuring. This
study provides evidence for better understanding of the physiological
consequences of EFT performed in the study population, if the EFT is
carried out based on relative rather than absolute indications. The early
and late complication rate of EFT did not differ in the study setting from
those presented in the literature.

The first commandment of medicine, “nil nocere” (do not cause
harm) was upheld with our results reflecting the safety of the procedure.
All of the examined EFTs were free of early (prehospital) complications,
clearly demonstrating the effectiveness of regular medical training of the
staff. Failures associated with tube thoracostomy, such as malposition,
occlusion, parenchymal, and vessel injury were all avoided in this study
[32,33]. All case documentation was reviewed, quality controlled, and
validated by a third party HEMS consultant and the absence of early
complications was confirmed. Hospital follow-up was successful in 61 %
of the cases. A septic condition was described in 7/70 patients. Because
these patients also had other injuries, no clear association between EFT
and sepsis could be demonstrated. Hospital examinations did not iden-
tify thoracic empyema and thoracostomy wound infection. The ability of
this study to detect safety outcomes was limited by the relatively low
hospital follow-up rate.

Conclusion
The study supports the benefit of EFT as an emergency procedure in

patients with a strong suspicion of intrapleural pathology and possible
compensated obstructive shock. The lack of evidence for PTX and/ or
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HTX during the procedure does not discredit the decision to perform EFT
in intubated thoracic trauma patients within the prehospital setting. EFT
is an appropriate technique to prevent further clinical deterioration
from thoracic injury. The “err on the safe side” policy seemingly serves
the interest of the patients in this “gray zone” of severe blunt chest
injuries.

Limitations

This observational study relied on physical finding reports without
objective imaging. The degree of pre-procedural PTX and the amount of
hemothorax were measured by the rule of thumb. Impending intra-
pleural pathology was judged by clinical experience supported by cir-
cumstantial evidence and basic physiological parameters. As this is a
case series study, there was no non-EFT comparator group; the number
of co-factors and various parameters made it impossible to create a
reliable pool of comparators. From the point of view of patient safety, it
would not be ethical to create a control group where EFT is not per-
formed. During flight, in the small cabin of the helicopter, it is not
possible to provide an immediate solution to a deterioration of the pa-
tient’s condition. Adequate follow-up for complications was limited. The
size of the hospital follow-up was a limitation in terms of late compli-
cations. The role of ultrasound for clinical decision making was not
determined because of insufficient documentation.

Ethics statement

The authors declare that their work was carried out under ethical
approval. The Hungarian Scientific Ethics Committee approved the
ethical approval. Approval number: IV/2746-3/2022/EKU, ETT TUKEB.
The original decision approval is attached.

Generative Al in scientific writing
No Al software was used for this research or article writing.
CRediT authorship contribution statement

David Sutori: Writing — original draft, Resources, Methodology,
Data curation, Conceptualization. Laszlo Sandor Erdelyi: Writing —
review & editing. Imre Uri: Software, Data curation. Laszlo Zavori:
Writing — review & editing. Luca Anna Ferkai: Formal analysis, Data
curation. Laszlo T. Hetzman: Methodology, Data curation. Robert
Gebei: Resources, Data curation. Gabriella Kecskes: Writing — original
draft. Tamas F. Molnar: Writing - original draft, Validation,
Supervision.

Declaration of competing interest
The authors declare no conflicts of interest.

References

[1] Beshay M, Mertzlufft F, Kottkamp HW, et al. Analysis of risk factors in thoracic
trauma patients with a comparison of a modern trauma centre: a mono-centre
study. World J Emerg Surg 2020;15(1):45. https://doi.org/10.1186/513017-020-
00324-1. Jul 31.

[2] Veysi VT, Nikolaou VS, Paliobeis C, Efstathopoulos N, Giannoudis PV. Prevalence
of chest trauma, associated injuries and mortality: a level I trauma centre
experience. Int Orthop 2009;33(5):1425-33. https://doi.org/10.1007/500264-
009-0746-9. Oct.

[3] Clark GC, Schecter WP, Trunkey DD. Variables affecting outcome in blunt chest
trauma: flail chest vs. pulmonary contusion. J Trauma 1988;28(3):298-304.
https://doi.org/10.1097,/00005373-198803000-00004. Mar.

[4] Smith RM, Conn AK. Prehospital care - scoop and run or stay and play? Injury
2009;40(Suppl 4):523-6. https://doi.org/10.1016/j.injury.2009.10.033. Nov.

[5] Ninokawa S, Friedman J, Tatum D, et al. Patient contact time and prehospital
interventions in hypotensive trauma patients: should we reconsider the "ABC"
algorithm when time is of the essence? Am Surg. 2020;86(8):937-43. https://doi.
org/10.1177/0003134820940244. Aug.


https://doi.org/10.1186/s13017-020-00324-1
https://doi.org/10.1186/s13017-020-00324-1
https://doi.org/10.1007/s00264-009-0746-9
https://doi.org/10.1007/s00264-009-0746-9
https://doi.org/10.1097/00005373-198803000-00004
https://doi.org/10.1016/j.injury.2009.10.033
https://doi.org/10.1177/0003134820940244
https://doi.org/10.1177/0003134820940244

D. Sutori et al.

(61

71

[8]

[9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

Studer NM, Horn GT, Armstrong JH. Self-rated readiness for performance of needle
decompression in combat lifesaver training. Mil Med. 2013;178(11):1218-21.
https://doi.org/10.7205/MILMED-D-13-00141. Nov.

Jodie P, Kerstin H. BET 2: pre-hospital finger thoracostomy in patients with chest
trauma. Emerg Med J. 2017;34(6):419. https://doi.org/10.1136/emermed-2017-
206808.2. Jun.

Mohrsen S, McMahon N, Corfield A, McKee S. Complications associated with pre-
hospital open thoracostomies: a rapid review. Scand J Trauma Resusc Emerg Med
2021;29(1):166. https://doi.org/10.1186/513049-021-00976-1. Dec 4.

Cicvari¢ A, Glavas Tahtler J, Turk T, et al. Ventilation management in a patient
with Ventilation-perfusion mismatch in the early phase of lung injury and during
the recovery. J Clin Med 2024;13(3):871. https://doi.org/10.3390/jcm13030871.
Sharma A, Jindal P. Principles of diagnosis and management of traumatic
pneumothorax. J Emerg Trauma Shock 2008;1(1):34-41. https://doi.org/
10.4103/0974-2700.41789. Jan.

Aramaki H, Fukaguchi K, Yamagami H, et al. Obstructive shock due to a
spontaneous haemothorax caused by primary lung cancer. Respirol Case Rep 2023;
11(2):e01082. https://doi.org/10.1002/rcr2.1082. Feb.

Barton ED, Rhee P, Hutton KC, Rosen P. The pathophysiology of tension
pneumothorax in ventilated swine. J Emerg Med 1997;15(2):147-53. https://doi.
org/10.1016/50736-4679(96)00312-5.

Pich H, Heller AR. [Obstructive shock]. Anaesthesist 2015;64(5):403-19. https://
doi.org/10.1007/500101-015-0031-9. May.

Vincent JL, De Backer D. Circulatory shock. N Engl J Med 2013;369(18):1726-34.
https://doi.org/10.1056/NEJMra1208943. Oct 31.

Spanjersberg WR, Ringburg AN, Bergs EA, Krijen P, Schipper IB. Prehospital chest
tube thoracostomy: effective treatment or additional trauma? J Trauma 2005;59
(1):96-101. https://doi.org/10.1097/01.ta.0000171448.71301.13. Jul.

Waydhas C, Sauerland S. Pre-hospital pleural decompression and chest tube
placement after blunt trauma: a systematic review. Resuscitation 2007;72(1):
11-25. https://doi.org/10.1016/j.resuscitation.2006.06.025. Jan.

Hannon L, St Clair T, Smith K, et al. Finger thoracostomy in patients with chest
trauma performed by paramedics on a helicopter emergency medical service.
Emerg Med Australas 2020;32(4):650-6. https://doi.org/10.1111/1742-
6723.13549. Aug.

Aylwin CJ, Brohi K, Davies GD, Walsh MS. Pre-hospital and in-hospital
thoracostomy: indications and complications. Ann R Coll Surg Engl 2008;90(1):
54-7. https://doi.org/10.1308/003588408 x 242286. Jan.

Lockey D, Crewdson K, Davies G. Traumatic cardiac arrest: who are the survivors?
Ann Emerg Med 2006;48(3):240—4. https://doi.org/10.1016/j.
annemergmed.2006.03.015. Sep.

Leigh-Smith S, Harris T. Tension pneumothorax—time for a re-think? Emerg Med J
2005;22(1):8-16. https://doi.org/10.1136/em;j.2003.010421. Jan.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Injury 56 (2025) 112331

Lott C, Truhlaf A, Alfonzo A, et al. European Resuscitation Council Guidelines
2021: cardiac arrest in special circumstances. Resuscitation 2021;161:152-219.
https://doi.org/10.1016/j.resuscitation.2021.02.011. 4.

Trauma ACoSCo. ATLS, advanced trauma life support for doctors: student course
manual. Chapter 4. 10; 2018. p. 115-34.

Temesvar P., Hetzman L., Eross A., Soti A., Duboczki Z., Radnai M., Thoracostomy
Sop - Hungarian Air Ambulance [Internet]. Publishing; 2019 Okt. Available from:
https://oktatas.legimentok.hu/userfiles/files/pdf/thoracostomia.pdf.

Crewdson K, Lockey D, Voelckel W, Temesvari P, Lossius HM, Group EMW. Best
practice advice on pre-hospital emergency anaesthesia & advanced airway
management. Scand J Trauma Resusc Emerg Med 2019;27(1):6. https://doi.org/
10.1186/513049-018-0554-6. Jan 21.

Baekgaard JS, Eskesen TG, Sillesen M, Rasmussen LS, Steinmetz J. Ketamine as a
rapid sequence induction agent in the trauma population: a systematic review.
Anesth Analg 2019;128(3):504-10. https://doi.org/10.1213/
ANE.0000000000003568. Mar.

Lyon RM, Perkins ZB, Chatterjee D, Lockey DJ, Russell MQ, SrSAAT K. Significant
modification of traditional rapid sequence induction improves safety and
effectiveness of pre-hospital trauma anaesthesia. Crit Care 2015;19(1):134.
https://doi.org/10.1186/5s13054-015-0872-2. Apr 1.

Mion G, Villevieille T. Ketamine pharmacology: an update (pharmacodynamics
and molecular aspects, recent findings). CNS Neurosci Ther 2013;19(6):370-80.
https://doi.org/10.1111/cns.12099. Jun.

Rosenbaum S.B., Gupta V., Patel P., et al. Ketamine. [Updated 2024 Jan 30]. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2025. Available
from: https://www.ncbi.nlm.nih.gov/books/NBK470357/.

Weiss M, Bernoulli L, Zollinger A. [The NACA scale. Construct and predictive
validity of the NACA scale for prehospital severity rating in trauma patients].
Anaesthesist 2001;50(3):150-4. https://doi.org/10.1007/s001010170030. Mar.
Ganie FA, Lone H, Lone GN, et al. Lung contusion: a clinico-pathological entity
with unpredictable clinical course. Bull Emerg Trauma 2013;1(1):7-16. Jan.
Furak J, Szab6 Z, Tanczos T, et al. Conversion method to manage surgical
difficulties in non-intubated uniportal video-assisted thoracic surgery for major
lung resection: simple thoracotomy without intubation. J Thorac Dis 2020;12(5):
2061-9. https://doi.org/10.21037/jtd-19-3830. May.

Hashmi U, Nadeem M, Aleem A, et al. Dysfunctional closed chest drainage -
common causative factors and recommendations for prevention. Cureus 2018;10
(3):e2295. https://doi.org/10.7759/cureus.2295. Mar 9.

Kesieme EB, Dongo A, Ezemba N, Irekpita E, Jebbin N, Kesieme C. Tube
thoracostomy: complications and its management. Pulm Med 2012;2012:256878.
https://doi.org/10.1155/2012/256878.


https://doi.org/10.7205/MILMED-D-13-00141
https://doi.org/10.1136/emermed-2017-206808.2
https://doi.org/10.1136/emermed-2017-206808.2
https://doi.org/10.1186/s13049-021-00976-1
https://doi.org/10.3390/jcm13030871
https://doi.org/10.4103/0974-2700.41789
https://doi.org/10.4103/0974-2700.41789
https://doi.org/10.1002/rcr2.1082
https://doi.org/10.1016/s0736-4679(96)00312-5
https://doi.org/10.1016/s0736-4679(96)00312-5
https://doi.org/10.1007/s00101-015-0031-9
https://doi.org/10.1007/s00101-015-0031-9
https://doi.org/10.1056/NEJMra1208943
https://doi.org/10.1097/01.ta.0000171448.71301.13
https://doi.org/10.1016/j.resuscitation.2006.06.025
https://doi.org/10.1111/1742-6723.13549
https://doi.org/10.1111/1742-6723.13549
https://doi.org/10.1308/003588408 &times; 242286
https://doi.org/10.1016/j.annemergmed.2006.03.015
https://doi.org/10.1016/j.annemergmed.2006.03.015
https://doi.org/10.1136/emj.2003.010421
https://doi.org/10.1016/j.resuscitation.2021.02.011
http://refhub.elsevier.com/S0020-1383(25)00191-3/sbref0022
http://refhub.elsevier.com/S0020-1383(25)00191-3/sbref0022
https://oktatas.legimentok.hu/userfiles/files/pdf/thoracostomia.pdf
https://doi.org/10.1186/s13049-018-0554-6
https://doi.org/10.1186/s13049-018-0554-6
https://doi.org/10.1213/ANE.0000000000003568
https://doi.org/10.1213/ANE.0000000000003568
https://doi.org/10.1186/s13054-015-0872-2
https://doi.org/10.1111/cns.12099
https://www.ncbi.nlm.nih.gov/books/NBK470357/
https://doi.org/10.1007/s001010170030
http://refhub.elsevier.com/S0020-1383(25)00191-3/sbref0030
http://refhub.elsevier.com/S0020-1383(25)00191-3/sbref0030
https://doi.org/10.21037/jtd-19-3830
https://doi.org/10.7759/cureus.2295
https://doi.org/10.1155/2012/256878

	Prehospital emergency finger thoracostomy in compensated obstructive shock: Benefits and outcomes
	Background
	Patients and methods
	Study design
	Study settings

	Results
	Discussion
	Conclusion
	Limitations
	Ethics statement
	Generative AI in scientific writing
	CRediT authorship contribution statement
	Declaration of competing interest
	References


