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Summary

Objective: Resuscitative emergency thoracotomy (ET) is of value in selected (pene-
trating) trauma patients. Current survival-estimates and recommended guidelines are
based on data from the United States. However, reports from European trauma
centres are lacking. We report the current experience from a Scandinavian trauma
hospital.
Methods: Identification of all consecutive ETs performed during a 5-year period. Data
on demographics, and injury severity score (ISS), mechanism and location were
recorded. Physiological status on admission (revised trauma score, RTS) and prob-
ability of survival (Ps) were calculated. Signs of life (SOL) and need for closed-chest
cardiopulmonary resuscitation (CC-CPR) were recorded through the post-injury
phase.
Results: Ten patients underwent ETwith no survivors. The annual incidence of ETwas
0.7 per 100,000 inhabitants during the study period, with an increasing trend during
the last years (r = 0.74, p = 0.014). ETs were performed in 0.7% of all trauma
admissions, and in 2.5% of all severely injured patients (ISS � 16). Blunt mechanism
dominated; only three had penetrating injuries. Most frequent location of major
injury was ‘‘multiple’’ (n = 4) and ‘‘thoracic’’ (n = 4). The male to female ratio was
7:3. Median age was 51 years (range 21—77). Median ISS was 34.5 (range 26—75),
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Table 1 Estimated survival after emergency depart-
ment thoracotomy

ET associated feature Survival (%)

Overall survival 7.4
Penetrating 8.8
Blunt 1.4

Mechanism of injury (MOI)
Stab wound 16.8
Gunshot wound 4.3

Location of major injury (LOMI)
Cardiac 19.4
Thoracic 10.7
Abdominal 4.5
Multiple 0.7

Signs of life (SOL)
Hospital, present 11.5
Hospital, absent 2.6
Transport, present 8.9
Field, absent 1.2

Numbers are based on Refs.52,56
Introduction

Since the introduction of resuscitative emergency
thoracotomy (ET) during the 1960s8,66 the use of
this procedure has ranged from sparing to lib-
eral.13,38,46,51 Currently, the pendulum has swung
towards a more aggressive approach, together with
the development and recognition of damage con-
trol surgical principles in thoracic trauma.36,57,64 In
many North American urban trauma centres, this
procedure has found a niche as part of the resus-
citative process because of the great improve-
ments in pre-hospital care systems, allowing an
increasing number of patients to arrive in either
impending or full cardiopulmonary arrest in the
emergency room. As such, resuscitative ET remains
a formidable tool within the trauma surgeons’
armamentarium. However, its use, indications,
and associated risks continue to be
debated.4,26,30,35,36,51,57,58 Of importance, only a
few patients survive this heroic effort, with lowest
survival in patients with blunt trauma and multiple
injuries (Table 1).52,56

A striking paucity of studies from Europe is evi-
dent when reviewing the literature on ET. A recent
review56 strictly focusing on survival after ET per-
formed in the emergency department included only
one UK study11 (of 24 studies), representing only 18
patients out of the total 4260 under evaluation.
Thus, questions arise whether survival rates
(Table 1) are generally applicable to the European
trauma population. Differences in trauma systems,
trauma epidemiology, training and logistics in the
North America compared to Europe may ultimately
influence the attitude, applicability, and outcome of
this specific procedure.

Consequently, due to the lack of reports from
low(er)-volume (European) centres with a low(er)
incidence of penetrating injuries, we reviewed our
recent 5-year experience at a Norwegian university
hospital, and discuss the results according to current
literature.
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Materials and methods

The Stavanger University Hospital serves as primary
trauma care hospital for all trauma patients within a
mixed urban/rural population of 285,000, with
referral function for a broader population of about
360,000. Only patients from the primary catch area
of 285,000 were included in this study. The pre-
hospital Emergency Medical Service (EMS) system
provides paramedic-staffed ground ambulance, as
well as anaesthetist-manned rapid-response car and
helicopter.45

Annually, we receive over 300 patients whose
injury severity score (ISS) is >9 and/or whose injury
mechanism require trauma team activation by pre-
set criteria.45 Of these, roughly 25% (80—
85 patients/year) are severely injured (ISS > 16).
Each year 25—30 deaths occur subject to trauma
in our region (unpublished data).
Resuscitative emergency thoracotomy 35

indicating severely injured patients, with seriously deranged physiology (median RTS
of 0.0, range 0—6.1) with poor chance of survival (median Ps of 4.4%, range 0—89.5%).
Males had significantly lower RTS and Ps ( p = 0.007 and 0.03, respectively) than
females. Eight patients had signs of life at some time post-injury, but only four in the
emergency room. Six patients had both pre- and in-hospital CC-CPR. Four patients had
additional surgery to ET. Two possible preventable deaths were identified (Ps of 51 and
89%), one in a third trimester pregnancy.
Conclusion: Emergency thoracotomy is a rarely performed procedure in a rather busy
Scandinavian trauma hospital, and outcome is dismal. Reevaluation of our decision-
making process concerning the use of emergency thoracotomy is needed. How survival
data and clinical experience in Europe compare to current figures from North America
deserves further attention.
# 2006 Elsevier Ltd. All rights reserved.
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The hospital has a designated trauma team,
which responds within 5 min of activation, and is
usually present in the emergency room when the
patient arrives. Briefly, the team consists of a senior
surgeon-in-training (Advanced Trauma Life Support,
ATLSTM certified) as the trauma-team leader, one
orthopaedic surgeon, and one anaesthetist-in-
training, as well as specialist nurses, and related
specialty services (i.e. attending radiologist). Con-
sultants are present/called in on a rapid response
manner (neurosurgery, gynaecology/obstetrics,
thoracic/vascular, gastrointestinal surgeons) by
priority of the trauma leader.

Resuscitative emergency thoracotomies related
to trauma were identified from a prospectively
collected trauma registry database and from the
electronic hospital files during a 5-year-period
(starting 1 January 2001 until 31 December 2005).
All ETs related to non-traumatic indications (i.e.
ruptured abdominal aortic aneurysm, severe gastro-
intestinal haemorrhage) were excluded. Procedures
performed in the emergency department (ED) as
well as the operating room (OR) were included if the
ET was the next immediate event indicated for
resuscitation. For each case pre-hospital reports,
hospital charts, operative descriptions, and autopsy
reports were reviewed.

Demographic data were recorded for all patients,
as well as mechanism of injury (MOI) and location of
major injury (LOMI). Signs of life (SOL) were
recorded for the pre-hospital phase, during trans-
port, and upon arrival in the ER. Presence of SOL was
defined as one or more of the several following:
pupillary response, respiratory effort, or cardiac
electrical activity. Injury severity was scored
according to the Abbreviated Injury Scale (AIS-90,
updated 1998 version) by an AIS/ISS-certified regis-
trar. Injury severity score (ISS),5 and new injury
severity score (NISS)48 were calculated. Respiratory
rate, systolic blood pressure, and Glascow coma
Table 2 Injury mechanism, location and severity

Case number MOI LOM

1 Blunt, MVC Abdo
2 Blunt, MVC Mult
3 Blunt, MVC Cere
4 Blunt/compression Thor
5 Blunt, fall >15 m Mult
6 Penetrating, thoracic GSW Mult
7 Penetrating, thoracic GSW Thor
8 Penetrating, thoracic SW Thor
9 Blunt, MVC Mult

10 Blunt, fall >9 m Thor

MOI: mechanism of injury; LOMI: location of major injury; ISS: inju
trauma score; GSW: gunshot wound; SW: stab wound; MVC: motor
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score on admission to hospital were used to calcu-
late the revised trauma score (RTS).17 Probability of
survival (Ps) was calculated for each patient using
the TRISS-methodology.14 Statistical analysis was
performed with SPSS1 Version 11.0 (SPSS, Chicago,
IL, USA) using non-parametric tests (Mann—Whitney,
Wilcoxon, or Spearman’s correlation) when appro-
priate. Statistical significance was set at p < 0.05.
Results

The trauma team in our hospital performed 10
resuscitative ETs for severe trauma during a 5-
year-period, with no survivors. With a primary
catchment area of 285,000 inhabitants, the annual
incidence for ET amounted to 0.7/100,000 inhabi-
tants. Age-adjusted annual incidence of ET for the
age-group 20—54 years was 0.7/100,000, and for
ages 55—80 years 1.8/100,000. ETs were performed
in 0.7% of all annual trauma admissions, and in 2.5%
of all severely injured patients (ISS � 16).

We noted a significant time trend of ET in our
hospital with more ETs performed in the latter years
(Spearman’s r = 0.74, p = 0.014). No ETs were per-
formed in the years preceding the study period
(1998—2000, unpublished data), only three were
performed in the first half (January 2001—June
2003), whereas seven were performed in the latter
half (July 2003—December 2005).

Themale to female ratio was 7:3. Themedian age
was 51 (range 21—77) years, with five patients >55
years of age. Ethnicity was Caucasian in eight (80%).
One third of the patients had positive blood-screen
for alcohol or other drugs.

Penetrating injuries accounted for a third of
injuries (one suicide; two homicides), whereas blunt
injury after motor vehicle collision was the most
frequent cause (Table 2). The median values
of ISS and NISS were 34.5 (range 25—75) and 57
I ISS NISS RTS PS (%)

minal 26 29 6.376 51.0
iple 29 66 0.000 5.4
bral 35 57 0.000 3.3
acic 25 57 0.000 1.4
iple 50 50 4.094 20.2
iple 41 57 0.000 0.2
acic 75 75 0.000 0.0
acic 29 59 6.613 89.5
iple 57 75 4.211 14.1
acic 34 34 0.000 0.6

ry severity score; NISS: new injury severity score; RTS: revised
vehicle crash; PS: probability of survival.
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Figure 1 Distribution of ISS and NISS between male and female. Distribution of ISS (A) and NISS (B) did not differ
significantly between male and female.
(range 29—75), respectively. The NISS values were
significantly higher as compared to ISS (p = 0.018).
The median Ps was 4.4% (range 0—89.5%). Males and
females did not differ significantly with respect to
age, ISS, and NISS (Fig. 1), but males had signifi-
cantly lower RTS ( p = 0.007) and Ps (p = 0.03) when
compared to females (Spearman’s correlation with
regard to female gender: RTS r = �0.9, p < 0.001; Ps
r = �0.7, p = 0.02) (Fig. 2). The patient (#8) with Ps
of 89.5% was a young, third trimester pregnant
female who immediately collapsed upon simulta-
neously performed Caesarean section and ET,
with no response to resuscitation and internal
heart massage. For patients #6 and #7, considerable
pre-hospital time was lost (estimated 20 min) for
the police to secure the scene, before the parame-
dics and the anaesthetist were allowed to enter.
Both patients arrived in exanguination in the
Figure 2 Distribution of Ps and RTS. Males had significantly
more likely to have no, or greatly deranged, vital signs on a
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emergency department and with cardiopulmonary
arrest.

Signs of life were present in eight of the ten
patients at some time after injury (Table 3; seven
on scene, seven during transport), but only four had
SOL in the ER. Notably, loss of SOL upon arrival was
the indication of ET in these patients. Closed-chest
cardiopulmonary resuscitation (CC-CPR) was per-
formed in six patients before arrival in the ER
(Table 3). Five resuscitative thoracotomies were
emergency procedures, whereas five were urgent
(performed in the OR). For most patients, ET was
indicated for exanguinating patients arriving in
extremies, or with pending cardiopulmonary arrest.

Five of the ETs were performed by the surgeon-
on-call alone (all in the ER), whereas the others
were performed by, or in assistance with a consul-
tant thoracic surgeon.
lower Ps (A) and RTS (B) compared to females. Males were
dmission

Stockholms Lans Landsting April 20, 2016.
n. Copyright ©2016. Elsevier Inc. All rights reserved.



38 K. Søreide et al.

Table 3 Resuscitative emergency thoracotomy descriptives

Case number Clinical indication CC-CPR SOL ET Outcome

PH ER On-scene Transport ER Location

1 Exanguination No No Yes Yes Yes OR Died, OR
2 Suspected pericardial tamponade Yes Yes No Yes No ER Died, ER
3 Suspected pericardial tamponade Yes Yes Yes Yes No ER Died, ER
4 Exanguination Yes Yes Yes No No OR Died, OR
5 Exanguination No No Yes Yes Yes OR Died, OR
6 Penetrating thoracic trauma, CA Yes Yes No No No ER Died, ER
7 Penetrating thoracic trauma, CA Yes Yes No No No ER Died, ER
8 Penetrating thoracic trauma, CA No No Yes Yes Yes OR Died, OR
9 Exanguination, pending CA No No Yes Yes Yes OR Died, OR

10 Exanguination, CA Yes Yes Yes Yes No ER Died, OR

CC-CPR: closed-chest cardiopulmonary resuscitation; CA: cardiac arrest; PH: pre-hospital; ER: emergency room; OR: operating room;
SOL: signs of life.
ET was the only procedure performed in six
patients (patient #2—7). Additional major surgery
performed after, or in conjunction with ET in the OR,
included one damage control laparotomy with liver
(AIS grade 3 hepatic injury) and pelvic-packing (AIS-
grade 5 pelvic injury) with external pelvic fixation
for patient #1; one emergency Caesarean-section in
the pregnant patient #8 (the child died 2 days later
due to severe hypoxic brain injury); and laparotomy
with splenectomy (AIS grade 5 injury), a left
nephrectomy (AIS grade 5 renal injury), and closure
of small bowel perforations and stomach rupture in
patient #9; and one exploratory laparotomy in
patient #10. One patient had ET and subsequent
Figure 3 Gunshotwound penetrating the heart. Post-
mortem examination of the heart, viewed from front.
The bullet transversed (white arrows) the left ventricle
(LV) close to the septum, near the left descending cor-
onary artery (LAD). The bullet further penetrated the
lower left pulmonary lobe, the diaphragm, the mid-sto-
mach, and transversed the lower splenic pole (pictures
not shown). RA: right atrium; RV: right ventricle; A: aorta.
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damage control surgery in the OR, but succumbed
to irreversible cardiopulmonary arrest with asystole
after leaving the OR (patient #1).

All patients, except one, underwent post-mor-
tem examination in our institution. Autopsy
revealed a severely injured population, as indicated
by injury severity scores and anatomic location
(Table 2). In one patient (#2) who underwent ET
on the clinical suspicion of a pericardial tamponade,
the autopsy revealed a complex basilar scull (hinge)
fracture (AIS grade 4) as the cause of death. ETwas,
in retrospect, not indicated in this patient. All
penetrating trauma deaths had multiple, severe
injuries involving vital organs such as heart
(Fig. 3), great thoracic arteries, and lungs, and in
one patient the bullet had traversed the diaphragm,
stomach, and spleen in addition.
Discussion

Resuscitative emergency thoracotomy after trauma
is a dramatic event with an overall dismal survival
rate.52,36,56 Since pioneer efforts of the late 19th
century63 surgical intervention in exanguinating
trauma has evolved together with improvements
in pre-hospital resuscitation,24,62 trauma triage,
and emergency medicine systems.24,45,57,64

Recently, guidelines for termination of resuscitation
in traumatic cardiopulmonary arrest,49,33,34 and
recommended indications for emergency thoracot-
omy have been published.52,56 However, the major-
ity of these data are derived from areas with a
higher proportion of penetrating trauma, and con-
sequently little is known about its in-hospital use
and outcome in Europe.

During a 5-year period no patients survived after
ET performed in our hospital. However, we noted a
significant time trend of ET in our hospital with an
ckholms Lans Landsting April 20, 2016.
opyright ©2016. Elsevier Inc. All rights reserved.



Resuscitative emergency thoracotomy 39
increase during the latter years. Increased focus on
trauma has evolved over the past decades in our
hospital with recognised improvements on trauma
team function in recent years. For one, the senior
surgeon-in-training is required to be familiar with,
and preferably certified in ATLSTM, and have parti-
cipated in the national haemostatic life-saving sur-
gery training model.19 Secondly, criteria for trauma-
team activation have been scrutinised. Further,
regular team-training performed through a national
model, and regularly held trauma-audits have
improved the educational impact. Lastly, imple-
mentation of a prospective trauma registry, and
increased clinical research interest in trauma has
evolved. Although data are preliminary, and does
not allow for drawing firm conclusions, we speculate
if the increasing trend in ETs may be a result of these
implementations. However, as evident from the
current data, indication for ET appears liberal and
is not cost effective for blunt trauma.We need to re-
evaluate our decision-making process concerning
the use of ET, especially in the blunt trauma
patient. For one, data suggest that trauma patients
requiring CC-CPR for more than 5—10 min, have
extreme poor chances of survival, in particular for
blunt trauma.31,51 The ever-present challenge dur-
ing initial trauma care, though, is appropriate and
timely information to the trauma surgeon who is in
charge for making the decision of whether or not
performing ET is appropriate. Crucial decisions are
sometimes made with only scarce information avail-
able. Further, the emotional aspects are not to be
disregarded, including the wish to do ‘‘everything
that could possibly have been done’’. However, risk
of blood born virus transmission should not be
neglected, and acknownledging that ‘‘everything
has been done’’ (without doing an ET) is sometimes
instrumental.26,61

The current report on ET from a Norwegian uni-
versity hospital does not suffice to answer questions
at large. However, current guidelines and applic-
ability of ET in trauma lack support of data and
validation from the European trauma population.
Thus, several issues serve to be addressed.

First, the rarity of this procedure is evident in a
rather large Scandinavian trauma centre. This is in
accordance with the paucity of reports concerning
ET from Europe in general, and Scandinavia in par-
ticular. As a result, the current estimated survival
rates based on North American data (Table 1)41 and
recommended guidelines52 for ET may not be
generally applicable to the European trauma cen-
tres. Several reasons may explain the paucity of
European reports; a less aggressive attitude to ET
(‘‘no numbers to report’’), less favourable outcome
(‘‘no survivors to report’’), not competitive or
Downloaded from ClinicalKey.com at EIRA 
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comparable to US data (‘‘no need to report’’ or
‘‘do not dare to report’’), and less chance to get
published in ‘high-impact’ journals (‘‘nowhere to
report’’). Furthermore, the much lower frequency
of penetrating mechanism in European trauma
(about 5%)36 compared to data from the US (up to
50%),59 may explain the rarity of European reports
and comparable poor results with this procedure, as
penetrating trauma patients are those most likely to
benefit from ET.2,3,56

In a previous Norwegian ETseries by Fosse et al.28

(Ullevaal University Hospital, Oslo) only four of 19
patients survived (three with penetrating injuries)
during a 3-years period. With our current estimated
incidence rate for ETs, the Norwegian national
trauma system (population of 4.8 million) would
be exposed to an estimated 30—35 ETs annually,
reflecting the rarity of this procedure in Scandina-
vian trauma. This strengthens the arguments for the
current use of compulsory trauma training with the
use of animal-models in general surgery in Norway.29

Two Swedish studies54,55 include data on ET with
eight survivors in nine ‘‘emergent and urgent’’ thor-
acotomies, however, with focus on isolated pene-
trating cardiac and lung injuries only. The majority
of European studies on ET derive from the
UK,4,11,19,39,53 with several reports on pre-hospital
ETs performed by emergency physicians in a heli-
copter emergency system.4,19,20,53,67 Of notice, pre-
hospital ET is a rarely performed procedure in the
US. In contrast, European reports of in-hospital
experience with ET are lacking.

Secondly, there is a wide variability in the survi-
val rates after ET as studies vary from 0 to
31%.30,40,43,51,56 In general, the studies citing
higher survival rates include significantly larger
proportions of patients merely with severe shock
and more recent onset of total cardiopulmonary
arrest than those studies reporting lower survival
rates. Because the survival rate tends to be poor,
the small number of survivors hampers drawing
conclusions from any one study. The obvious
lack of ‘‘negatives’’ in the literature suggests a
publication bias towards series including at least
one, or a few survivors, as also noted by the con-
tinuous fascination for ‘‘successful case reports’’
(how many thoracotomies were performed with
fatal outcome by the same authors/institu-
tions?).20,25,42,44,67,68 To the authors’ knowledge,
the literature contains only a few studies with zero
survivors.12,53 Purkiss et al.53 reported no survivors
(n = 16), albeit including only ETs performed on-
scene. Initially, this study argued against the use
of pre-hospital thoracotomy in trauma, but the
results have later been challenged with data in
favour of on-scene thoracotomy in select cases.4,19
Stockholms Lans Landsting April 20, 2016.
n. Copyright ©2016. Elsevier Inc. All rights reserved.
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Jahangiri et al.39 equally reported only 1 survivor
out of 16 ETs performed in the emergency room (12
for blunt trauma; no survivors); the 1 survivor suf-
fered bleeding from laceration of intercostal
arteries after multiple stab wounds. The Glascow
series11 reported 32% survivors (8 of 25) and repre-
sents the most promising European experience
overall. However, the population were almost
exclusively (24 of 25) penetrating trauma patients.
This is in contrast to other European studies inwhich
blunt trauma dominates. The patients in our series
were multiple injured with a poor probability of
survival in most cases. The one patient with an 89%
survival chance was pregnant, an extreme chal-
lenge to evaluation and management in trauma.50

This specific scenario has undergone a retrospective
internal audit amongst surgeons, anaesthetists, and
obstetricians involved in order to evaluate system
efficacy and to detect potential pitfalls for this
specific scenario. In retrospect, considerable time
was lost in the pre-hospital setting due to the
circumstances under which the penetrating trauma
took place.

Third, the indications for ET that appear in the
literature range from vague to quite specific.52,1—
3,7,10,15,16,18,19,21—23,27,30,32,35,37,41 ET is used in a
variety of settings including penetrating thoracic
and thoraco-abdominal injuries, and cardiac and
exsanguinating abdominal vascular injuries.65 ET
has also been used in exsanguinating peripheral
vascular injuries arriving in full cardiopulmonary
arrest as well as in paediatric trauma.9,44,60 Reports
also exist on its use in patients presenting in full
cardiopulmonary arrest secondary to blunt trauma.

A survey performed among US trauma surgeons47

found that indications for ET (performed in the
emergency department; EDT) were liberal, espe-
cially for blunt trauma-related indications, and
were determined by clinical parameters, not by
physician or institutional factors. Interestingly,
there were no significant differences in EDT indica-
tions among institutions of differing caseload
volume, exposure to penetrating trauma, trauma
level designation, American College of Surgeons
verification status, or residency program affilia-
tion.47 Seemingly, performance-criteria for ET are
liberal in comparison with established guide-
lines,6,30,56 especially for blunt trauma. The pre-
sence, or recent loss of SOL influenced responses,
but respondents varied greatly in their definition of
SOL.47,56 The results suggest that clinical practice is
at variance with ATLSTM guidelines. How these
observed attitudes may apply to European and Scan-
dinavian surgeons remains unanswered.

Lastly, definitions remain a problem when dealing
with resuscitative ET. Sailing under many names, this
Downloaded from ClinicalKey.com at EIRA Sto
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procedure is hard to evaluate.10,15,24,27,29,34,37,42

Close scrutiny reveals several flaws; most series have
been retrospective reviews, many from institutions
using this technique infrequently. Many institutions
report serial and overlapping studies that encompass
their experience of many years. A lack of agreement
exists regarding the indications for ET in multiple
clinical scenarios as well as in defining SOL.
Conclusions

ETs are rare in the Scandinavian trauma scenario and
performed in patients presenting in extremies after
major trauma, often of blunt aetiology. Our preli-
minary report over 5 years experienced no survivors
in 10 patients, and the dismal outcomemay question
if this procedure is justified. With a predominating
blunt trauma population, this procedure is rarely
indicated, and has a poor chance for successful
outcome in our institution. According to the current
literature, ET may still be indicated in select
patients. Training is mandatory for the successful
employment of this procedure; indications and out-
come need to be addressed, preferably based on
European data. As such, European experience with
resuscitative ET in trauma needs standardised
reporting of important variables for comparison
(including SOL, LOMI, and MOI) in addition to stan-
dard reporting of injury severity scores and Ps. How
survival data and clinical experience in Europe
compare to current figures from North America
deserves further attention.
Acknowledgement

We thank Kjell Tjosavik, RN for help with providing
data from the trauma registry.
References

1. Aihara R, Millham FH, Blansfield J, Hirsch EF. Emergency room
thoracotomy for penetrating chest injury: effect of an insti-
tutional protocol. J Trauma 2001;50:1027—30.

2. Asensio JA, Berne JD, Demetriades D, et al. One hundred five
penetrating cardiac injuries: a 2-year prospective evalua-
tion. J Trauma 1998;44:1073—82.

3. Asensio JA, Murray J, Demetriades D, et al. Penetrating
cardiac injuries: a prospective study of variables predicting
outcomes. J Am Coll Surg 1998;186:24—34.

4. Athanasiou T, Krasopoulos G, Nambiar P, et al. Emergency
thoracotomy in the pre-hospital setting: a procedure requir-
ing clarification. Eur J Cardiothorac Surg 2004;26:377—86.

5. Baker SP, O’Neill B, Haddon JrW, LongWB. The injury severity
score: a method for describing patients with multiple injuries
and evaluating emergency care. J Trauma 1974;14:187—96.
ckholms Lans Landsting April 20, 2016.
opyright ©2016. Elsevier Inc. All rights reserved.



Resuscitative emergency thoracotomy 41
6. Balkan ME, Oktar GL, Kayi-Cangir A, Ergul EG. Emergency
thoracotomy for blunt thoracic trauma. Ann Thorac Cardio-
vasc Surg 2002;8:78—82.

7. Baxter BT, Moore EE, Moore JB, et al. Emergency department
thoracotomy following injury: critical determinants for
patient salvage. World J Surg 1988;12:671—5.

8. Beall Jr AC, Crosthwait RW, Crawford ES, Debakey ME. Gun-
shot wounds of the chest: a plea for individualisation. J
Trauma 1964;171:382—9.

9. Beaver BL, Colombani PM, Buck JR, et al. Efficacy of emer-
gency room thoracotomy in pediatric trauma. J Pediatr Surg
1987;22:19—23.

10. Blake DP, Gisbert VL, Ney AL, et al. Survival after emergency
department versus operating room thoracotomy for pene-
trating cardiac injuries. Am Surg 1992;58:329—32 [discussion
32—3].

11. Bleetman A, Kasem H, Crawford R. Review of emergency
thoracotomy for chest injuries in patients attending a
UK Accident and Emergency Department. Injury 1996;27:
129—32.

12. Bodai BI, Smith JP, Blaisdell FW. The role of emergency
thoracotomy in blunt trauma. J Trauma 1982;22:487—91.

13. Bodai BI, Smith JP, Ward RE, et al. Emergency thoracotomy in
the management of trauma. JAMA 1983;249:1891—6.

14. Boyd CR, Tolson MA, Copes WS. Evaluating trauma care: the
TRISS method. Trauma score and the injury severity score. J
Trauma 1987;27:370—8.

15. Boyd M, Vanek VW, Bourguet CC. Emergency room resusci-
tative thoracotomy: when is it indicated? J Trauma 1992;
33:714—21.

16. Branney SW, Moore EE, Feldhaus KM, Wolfe RE. Critical
analysis of two decades of experience with postinjury emer-
gency department thoracotomy in a regional trauma center. J
Trauma 1998;45:87—94 [discussion 5].

17. Champion HR, Sacco WJ, Copes WS, et al. A revision of the
trauma score. J Trauma 1989;29:623—9.

18. Clark S, Bernard S. Emergency room’ thoracotomy: is it ever
justified? Ann R Coll Surg Engl 1996;78:561.

19. Coats TJ, Keogh S, Clark H, Neal M. Prehospital resuscitative
thoracotomy for cardiac arrest after penetrating trauma:
rationale and case series. J Trauma 2001;50:670—3.

20. Craig R, Clarke K, Coats TJ. On scene thoracotomy: a case
report. Resuscitation 1999;40:45—7.

21. Danne PD, Finelli F, Champion HR. Emergency bay thoracot-
omy. J Trauma 1984;24:796—802.

22. Demetriades D. Cardiac wounds. Experience with 70
patients. Ann Surg 1986;203:315—7.

23. Demetriades D, Rabinowitz B, Sofianos C. Emergency room
thoracotomy for stab wounds to the chest and neck. J Trauma
1987;27:483—5.

24. Durham 3rd LA, Richardson RJ, Wall Jr MJ, et al. Emergency
center thoracotomy: impact of prehospital resuscitation. J
Trauma 1992;32:775—9.

25. Ekelund M, Victorin A, Bergman O, et al. A case report: young
man survived penetrating knife stabs to the heart and lung.
Lakartidningen 2001;98:2936—8.

26. Feldman JA. Provider risk during medically futile emergency
department thoracotomy. Ann Emerg Med 2001;38:349.

27. Feliciano DV, Bitondo CG, Cruse PA, et al. Liberal use
of emergency center thoracotomy. Am J Surg 1986;152:
654—9.

28. Fosse E, Pillgram-Larsen J, Rosen L. [Emergency thoracot-
omy. Aortic clamping in major bleeding]. Tidsskr Nor Laege-
foren 1991;111:2627—9.

29. Gaarder C, Naess PA, Buanes T, Pillgram-Larsen J. Advanced
surgical trauma care training with a live porcine model.
Injury 2005;36:718—24.
Downloaded from ClinicalKey.com at EIRA 
For personal use only. No other uses without permissio
30. Grove CA, Lemmon G, Anderson G, McCarthy M. Emergency
thoracotomy: appropriate use in the resuscitation of trauma
patients. Am Surg 2002;68:313—6 [discussion 6—7].

31. Hall BL, Buchman TG. A visual, timeline-based display of
evidence for emergency thoracotomy. J Trauma 2005;59:
773—7.

32. Harnar TJ, Oreskovich MR, Copass MK, et al. Role of emer-
gency thoracotomy in the resuscitation of moribund trauma
victims: 100 consecutive cases. Am J Surg 1981;142:96—9.

33. Hopson LR, Hirsh E, Delgado J, et al. Guidelines for with-
holding or termination of resuscitation in prehospital
traumatic cardiopulmonary arrest. J Am Coll Surg 2003;
196:475—81.

34. Hopson LR, Hirsh E, Delgado J, et al. Guidelines for with-
holding or termination of resuscitation in prehospital trau-
matic cardiopulmonary arrest: joint position statement of
the National Association of EMS Physicians and the American
College of Surgeons Committee on Trauma. J Am Coll Surg
2003;196:106—12.

35. Hoth JJ, Scott MJ, Bullock TK, et al. Thoracotomy for blunt
trauma: traditional indications may not apply. Am Surg
2003;69:1108—11.

36. Hunt PA, Greaves I, Owens WA. Emergency thoracotomy in
thoracic trauma–—a review. Injury 2006;37:1—19.

37. Ivatury RR, Kazigo J, RohmanM, et al. ‘‘Directed’’ emergency
room thoracotomy: a prognostic prerequisite for survival. J
Trauma 1991;31:1076—81 [discussion 81—2].

38. Ivatury RR, Rohman M. Emergency department thoracotomy
for trauma: a collective review. Resuscitation 1987;15:
23—35.

39. Jahangiri M, Hyde J, Griffin S, et al. Emergency thoracotomy
for thoracic trauma in the accident and emergency depart-
ment: indications and outcome. Ann R Coll Surg Engl
1996;78:221—4.

40. Karmy-Jones R, Nathens A, Jurkovich GJ, et al. Urgent and
emergent thoracotomy for penetrating chest trauma. J
Trauma 2004;56:664—8 [discussion 8—9].

41. Kennedy F, Sharif S. Emergency room thoracotomy: a single
surgeon’s 13-year experience. Am Surg 2000;66:56—60.

42. Keogh SP, Wilson AW. Survival following pre-hospital arrest
with on-scene thoracotomy for a stabbed heart. Injury
1996;27:525—7.

43. Ladd AP, Gomez GA, Jacobson LE, et al. Emergency room
thoracotomy: updated guidelines for a level I trauma center.
Am Surg 2002;68:421—4.

44. Langer JC, Hoffman MA, Pearl RH, Ein SH. Survival after
emergency department thoracotomy in a child with blunt
multisystem trauma. Pediatr Emerg Care 1989;5:255—6.

45. Lossius HM, Langhelle A, Pillgram-Larsen J, et al. Efficiency of
activation of the trauma team in a Norwegian trauma referral
centre. Eur J Surg 2000;166:760—4.

46. Mattox KL, Pickard LR, Allen MK. Emergency thoracotomy for
injury. Injury 1986;17:327—31.

47. Miglietta MA, Robb TV, Eachempati SR, et al. Current opinion
regarding indications for emergency department thoracot-
omy. J Trauma 2001;51:670—6.

48. Osler T, Baker SP, LongW. Amodification of the injury severity
score that both improves accuracy and simplifies scoring. J
Trauma 1997;43:922—5 [discussion 5—6].

49. Part 10.7: Cardiac Arrest AssociatedWith Trauma. Circulation
2005;112:IV146—9.

50. Petrone P, Asensio JA. Trauma in pregnancy: assessment and
treatment. Scand J Surg 2006;95:4—10.

51. Powell DW, Moore EE, Cothren CC, et al. Is emergency
department resuscitative thoracotomy futile care for the
critically injured patient requiring prehospital cardiopul-
monary resuscitation? J Am Coll Surg 2004;199:211—5.
Stockholms Lans Landsting April 20, 2016.
n. Copyright ©2016. Elsevier Inc. All rights reserved.



42 K. Søreide et al.
52. Practice management guidelines for emergency department
thoracotomy. Working Group, Ad hoc Subcommittee on Out-
comes, American College of Surgeons-Committee on Trauma.
J Am Coll Surg 2001;193:303—9.

53. Purkiss SF, Williams M, Cross FW, et al. Efficacy of urgent
thoracotomy for trauma in patients attended by a helicopter
emergency medical service. J R Coll Surg Edinb 1994;39:
289—91.

54. Rashid MA, Wikstrom T, Ortenwall P. Cardiac injuries: a 10-
year experience. Eur J Surg 2000;166:18—21.

55. Rashid MA,Wikstrom T, Ortenwall P. Outcome of lung trauma.
Eur J Surg 2000;166:22—8.

56. Rhee PM, Acosta J, Bridgeman A, et al. Survival after emer-
gency department thoracotomy: review of published data
from the past 25 years. J Am Coll Surg 2000;190:288—98.

57. Rotondo MF, Bard MR. Damage control surgery for thoracic
injuries. Injury 2004;35:649—54.

58. Roxburgh JC. ‘Emergency room’ thoracotomy: is it ever
justified? Ann R Coll Surg Engl 1996;78:327—30.

59. Sauaia A, Moore FA, Moore EE, et al. Epidemiology of trauma
deaths: a reassessment. J Trauma 1995;38:185—93.

60. Sheikh AA, Culbertson CB. Emergency department thoracot-
omy in children: rationale for selective application. J Trauma
1993;34:323—8.
Downloaded from ClinicalKey.com at EIRA Sto
For personal use only. No other uses without permission. C
61. Sikka R, Millham FH, Feldman JA. Analysis of occupational
exposures associated with emergency department thoracot-
omy. J Trauma 2004;56:867—72.

62. Søreide E, Deakin CD. Pre-hospital fluid therapy in the cri-
tically injured patient–—a clinical update. Injury 2005;36:
1001—10.

63. Søreide K, Søreide JA, Axel H, Cappelen MD. (1858—1919):
First suture of a myocardial laceration from a cardiac stab
wound. J Trauma 2006;60:653—4.

64. Vargo DJ, Battistella FD. Abbreviated thoracotomy and tem-
porary chest closure: an application of damage control after
thoracic trauma. Arch Surg 2001;136:21—4.

65. Wiencek Jr RG, Wilson RF. Injuries to the abdominal vascular
system: how much does aggressive resuscitation and prela-
parotomy thoracotomy really help? Surgery 1987;102:731—6.

66. Worman LW, Narodick BG, Pemberton AH. Treatment of
chest trauma. Indications for thoracotomy. J Trauma 1962;
2:544—59.

67. Wright KD, Murphy K. Cardiac tamponade: a case of kitchen
floor thoracotomy. Emerg Med J 2002;19:587—8.

68. Wu X, Wang WJ, Sang XF, et al. Successful resuscitation by
emergency room thoracotomy in a patient in agonal state
with hemorrhagic shock resulting from penetrating cardiac
injury. Di Yi Jun Yi Da Xue Xue Bao 2002;22:918—28.
ckholms Lans Landsting April 20, 2016.
opyright ©2016. Elsevier Inc. All rights reserved.


	Resuscitative emergency thoracotomy in a Scandinavian trauma hospital-Is it justified?
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	Acknowledgement
	References


