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Abstract

improve outcomes.

analyzed comparing survivors and non-survivors.

trauma. Overall survival was 21,8%.
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Background: An Emergency Room Thoracotomy (ERT) is a resource-intensive, high-risk procedure in which rapid
decision-making is essential. In a resource-constrained system, identification of the group of patients that could
achieve the best outcome will avoid futile use. Incorporating physiological and metabolic parameters at the time of
arrival to the emergency department into the management algorithm may assist with better patient selection and could

Material and Methods: A retrospective review of the results of subjects who underwent Emergency Room
Thoracotomy at a Level 1 Academic Trauma Center over a 13-year period (01 January 2005 to 31 December 2017)
was conducted. Mechanism of injury, physiological and metabolic parameters, anatomical injuries, Injury Severity
Score (ISS), calculated Revised Trauma score (cRTS), volume and type of fluids administered, and mortality were

Results: One hundred and ten (n=110) patients underwent ERT during the study period. Variables such as the
mechanism of injury, physiological and metabolic parameters, type, and volume of fluids administered did not show
any statistically significant influence in the final outcome. Penetrating cardiac and chest trauma had better survival
(40.6 % and 20 % respectively) compared to those with thoraco-abdominal, abdominal, pelvic, and femoral vessel

Conclusions: In a resource-constrained environment an Emergency Room Thoracotomy should be performed in
patients with a thoracic injury, especially cardiac, to achieve the best possible outcome.
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Introduction

The major causes of early trauma deaths are severe traumatic
brain injury and irreversible haemorrhagic shock secondary
to uncontrolled bleeding [1-4].

Early, aggressive control of haemorrhage, with rational
use of blood and goal directed management of coagulation
and limited use of crystalloid fluids improves survival [2-
11].

The improvements in the emergency medical rescue
systems that have occurred in recent years increases access
to hospital care, therefore a larger number of otherwise
“fatally” injured bleeding patients arrive to emergency
departments with significant physiological and metabolic
deterioration. Efforts to salvage these patients often involve
desperate measures to control haemorrhage and restore
tissue perfusion.

Opening the chest in the emergency department to
relieve cardiac tamponade, suture a lacerated heart, cross-
clamp the supra-diaphragmatic thoracic Aorta to reduce the
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rate of bleeding in the abdomen and pelvis, control bleeding
from the lung and mediastinal great vessels and perform
open cardiac massage for traumatic cardiac arrest have been
part of the surgical arsenal for many years. [1,12-18]

The current scientific literature clearly supports the
use of ERT for injuries in the chest and especially the heart
where the best outcomes are obtained [1,13-33]. However,
there are ongoing debates about its role in blunt trauma
[24-33]. Futile use is a large concern in overloaded under-
funded trauma systems and centers [19,20,21,22]. The
risk of performing an ERT in blunt trauma victims has to
be weighed against the expected benefit for the individual
patient in these situations [32,33].

The Resuscitative Endovascular Balloon Occlusion
(REBOA) is emerging as an alternative to cross-clamping
of the Aorta during ERT. REBOA seems to benefits those
patients with abdominal and pelvic bleeding, however, this
procedure is not yet widely available and offers no benefit
in chest trauma. [35,36]

The caveat of ERT is the high mortality rate, poor
neurological outcomes, risk of complications and hazards
present during ERT, especially the transmission of infectious
diseases to health care personnel, as well as the high costs
involved in the management of these very ill patients [1,13-
33] These factors have prompted investigators to analyze
the outcomes of ERT to identify the patient population with
the best results.

The aim of this study was to analyze the clinical
characteristic of the subjects that underwent ERT in our
hospital and their potential influence in their survival.

We hypothesize that in our resources-constrained health
care system an ERT should be directed only to those patients
with the best chances of survival and that incorporating
physiological and metabolic data to the decision-making
algorithm could assist in selecting the patients for the
procedure. The experience obtained could be relevant to
centres and hospitals that have resource limitations similar
to our institution.

Material and Method

The study describes the findings of the results of adult
patients who underwent ERT between 1 January 2005 and
315 December 2017, at the Charlotte Maxeke Johannesburg
Academic Hospital Trauma Unit. The information was

extracted from the Digital Patient Registry of the Unit,
clinical notes and theatre registry. Data selected for
analysis included: age and gender; mechanism of injury,
haemodynamic status (heart rate, respiratory rate, systolic
blood pressure-sBP, Glasgow Coma Score (GCS);
oesophageal temperature (measured in operating theatre
once patient arrived there); coded Revised Trauma Score
(cRTS) and Injury Severity Score (ISS); primary anatomical
area of injury; arterial blood gas results if obtained, and 24-
hour mortality.

The data extracted was analyzed with the Statistical
Package for the Social Sciences (SPSS) software, version
21.0 (Mac OS) from IBM Corporation (Armonk, NY, USA)
under a temporary license obtained from www.ibm.com/
sofware/analytics/spss/

The analysis included all patients whose records were
available, further analysis was done between survivor and
non-survivor sub-groups. Student T test and Chi squared
(X?) test were used to establish significance, a value of p <
0,05 was considered significant.

The Human Research Ethics Committee of the
University of Witwatersrand granted permission for the
study (M180501).

Results

One hundred and ten patients underwent ERT during the
study period. One-hundred and one were males (92%) and 9
females; the median age was 29 years (Inter Quartile Range
- IQR 16-58). Of the total number of patients, 61 sustained
stab wounds (55.5 %), 43 sustained gunshot wounds-GSW
(39 %) and 6 were blunt trauma victims (5.5 %).

Overall, the physiological parameters were recorded as
follows: Heart Rate (HR) 84 beats per minute (IQR 0-154);
Systolic Blood Pressure (SBP) 60 mmHg (IQR 0-104);
Respiratory Rate (RR) 10 breaths per minute (IQR 0-56)
and Glasgow Coma Score 8. (Table 2)

Only 55 of the 110 patients had a complete arterial
blood gas analysis recorded in the emergency department.
The mean pH was 7.16 (IQR 6,5-7,65); Base Excess -15,7
(IQR -3 to -31) and serum Lactate 12.4 mmol/L (IQR 2.4-
22) denoting the severe metabolic acidosis that accompanies
major trauma.

Majority of the patients were hypothermic during and
after the ERT, median Temperature was 35 ° Celsius (IQR

Table 1 Demographics

All n=110,(%, IQR) | Survivors n=24, (%, IQR) | Non-survivors n=86, (%, IQR)
Male 101 22 79
Female 9 2 7
Median Age 29 (16-58) 28 (17-36) 29,2 (16-58)
Stabs 61 (55.4) 20 (18.1) 41 (37.2)
GSW 43 (39) 4 (3.6) 39 (35.5)
Blunt 6(5.4) 0 6

IQR: inter quartile range; GSW gunshot wound
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Table 2 Comparative Physiological and Metabolic Variables

Variable Survivor n=24 (IQR) | Non-survivor n=86 (IQR)
Systolic BP mmHg 57 (0-98) 48 (0-104)
Respiratory Rate 13 (0-45) 11 (0-56)

GCS 8 7

Heart Rate 97 (0-154) 81 (0-154)
Temperature 0C (Oesophageal measured in OR) 35,3 (35-36,5) 35 (32-37)

pH 7.16 (7.34-6.67) 7.16 (7.38-6.50)
Base Deficit -15.8 (-24 t0 -6.9) -16 (-31 to -3)
Serum Lactate 10.3 (2.4-15) 13 (4.7-22)
cRTS 5,6 (0-12) 4,2 (0-11)

ISS 24 (10-29) 27 (16-59)

IQR: inter quartile range; BP: blood pressure; GCS: Glasgow coma score, cRTS: calculated revised trauma score, ISS: injury

severity score, OR: operating room

32-37). The oesophageal temperature measurement was
obtained in the operating room after the patients were moved
there to complete the procedure, as part of the anaesthesia
protocol for trauma patients.

Comparing the results, there was only a minor
difference in the serum Lactate levels in favor of the
survivors (10,3 mmol/L versus 13 mmol/l). However,
none of the physiological and metabolic parameters were
statistically significant when comparing survivors with non-
survivors. Table 2

Overall, the mean ISS was 25 (IQR 16-59) and RTS
was 4,5 (IQR 0-12) with an overall probability of survival
of 50.4 %. The mean ISS of the group of survivors was 24
(IQR 10-29) versus 27 (IQR 16-59) for the non-survivors,
not statistically significant results.

Most patients received crystalloids (Ringer Lactate) as
part of the initial resuscitation protocol; the mean volume
administered to the survivors was 1625 ml (IQR 0-3000 ml)
versus 1550 ml (IQR 0 to 4000 ml) for the non-survivors.
Nearly 40 % of patients also received a synthetic colloid
infusion, the mean volume was 479 ml (IQR 0-3000
ml) for survivors versus 1027 ml (IQR 0 to 9000 ml) for
non-survivors. Seventy-three patients (66.3 %) received
transfusions during the ERT; survivors received a median
of 2,3 units of Packed Red Cells, to a maximum of 10
units during the resuscitation versus 3,2 units for the non-
survivors (maximum 13 units)

The survivors received 1 unit of Fresh Frozen Plasma
compared to 2 units for non-survivors. The volume and type
of fluids used during the ERT did not showed a statistically
significant impact in mortality.

ERT were performed for injuries in the thorax (n=65),
abdomen (n=17), thoraco-abdominal (n=25) and pelvis
and femoral vessels (n=3). Six patients had ERT for blunt
trauma. The overall survival of the series was 21,8 % (40.6
% survival for cardiac injuries; 20 % for thoracic injuries
and 1.8 % for injuries below the diaphragm). Patients with
stab wounds have better survival (32.8 %) that those with
GSW (9.3 %) or blunt trauma (0 %).
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Comparing isolated chest trauma (n=65) to injuries
elsewhere in the torso the difference in survival is significant:
Thorax alive n= 22 versus other areas alive n=2 (p = 0.001)
Cardiac injuries were present in 29 % of patients (n=32)
resulting in the best outcome: Alive n= 13 (40.6 %) (p =
0.032).

Table 3 Comparative Outcome by Injured Region

Anatomical Region Survivor: n(%) INon-survivor:n(%)

Chest n=65 22 (20) (p=0.001) | 43 (80)
Abdomen n=17 1 16
Thoraco-abdominal n=25]| 1 24
Pelvic-femoral n=3 0 3

Heart n=32 (29 %) 13 (40.6) (p=0.032)| 19 (56.5)

Two patients survived the ERT when performed for
injuries elsewhere in the torso, one patient with abdominal
GSW and one with thoraco-abdominal GSW. No other
patient survived an ERT for injuries outside the chest.

Figure 1 Outcomes Anatomical
Region/Organ/Mechanism of Injury

Stab Heart n=10 ‘ ‘ Stab Heart/Mediastinal Organ n=3 I
[ Lung/Mediastinal Organ: Stab n=2 - GSW n=1 ‘

Stab Lung n=4 |

Survivorsn=24 | — [ Mediastinal Organ: Stab n=1 - GSW n=1

GSW Abdomen n=1
GSW Thoraco-abdominal n=1

ERT Results
Anatomical Region/
Organ/Mechanism

Lung/Mediastinal Organ: GSW n= 3 - Stab n=8 - Blunt n=1

Mediastinal Organ: GSW n=1 - Stab n=4 |

[ Abdomino-Pelvic: Gsw n=1 - Blunt n=4 |

Abdomen: GSW n=7 - Stab n=4

| Thoraco-abdominal: GSW n=19 - Stab n=6 |

Non-survivors n=86 | —

| Lung: GSW n=4 - Stab n=3 ‘ | Heart/Lung: Stab n=5 - GSW n=2 ‘

| Heart: Stab n=10 - GSW n=1 | [ Femoral Artery: GSW n= 2 [

| Hemipelvis Amputation (Train): Blunt n=1 |

(W)

AJTES ¥



748

Barbaro I. Monzon at al.

Discussion

Patients arriving to the Trauma Unit at Charlotte Maxeke
are transported by ambulance services and occasionally by
private vehicles. The level of care in the ambulances varies
among services, with some of the ambulances manned by
Emergency Medical Technicians and others by basic rescue
providers. Unfortunately, communication between pre-
hospital rescue personnel and the base hospital is limited,
seldom the condition of the patient is known before arrival.

In most South African Trauma Centres an ERT is
performed to assist with the resuscitation of patients with
cardiac tamponade or exsanguination from penetrating torso
trauma. The use of ERT for blunt trauma victims remains
controversial due to the accompanying high mortality and
limited availability of resources in state funded hospitals.

Most of the international literature of the late 1990’s
and early 2000’s [13-31] discouraged the use of ERT in
blunt trauma, however there are recent studies of the use of
ERT in blunt trauma with acceptable success. [32, 33]

In our literature review we did not find any reports of the
use of metabolic parameters to help selecting the patient for
ERT, our hypothesis was that patients with penetrating torso
injuries below the diaphragm were presenting with severe
metabolic derangement similar to the one exhibited by blunt
trauma victims, therefore incurring in high mortality despite
ERT. As shown by our results the metabolic derangement
was important but not statistically significant between the
SUrvivor or non-survivors.

The overall mortality of the series was 78,2 %.
The available literature reports mortality above 50% for
penetrating torso trauma and near 100% for blunt injuries,
however a recent systematic review from Scandinavia
showed encouraging results for blunt trauma victims. [13-33]

In 1991, Ivatury et al [19] reported an overall survival
of 9.8% following ERT (24.5 % Stab vs. 4.7 % GSW vs.
Nil in Blunt trauma), they demonstrated that best results are
achieved in patients with vital signs on arrival and those
with a potential cardiac injury. Asensio et al [14] in 1998
reported an overall survival of 16% for patients following
ERT for penetrating cardiac injury, in whom, determinants
of survival were the presence or absence of sinus rhythm,
mechanism of injury (Stab vs. GSW), need for aortic cross-
clamping and inability to restore organized rhythm or Blood
Pressure after the thoracotomy. In 2004, an analysis of 42
series of patients (7,035 patients including children) found
that 11.1% survived penetrating injuries vs. 1.6% blunt,
with an overall mortality rate of 92.2 %. [20]

It should be noted that the use of synthetic colloids has
been eliminated in our unit and the initial crystalloid use is
limited, with early blood product administration according
to the current guidelines for the management of bleeding
trauma patients [2-11]. It could be of interest to assess the
impact of this change in fluid management strategy in the
subgroup of patients requiring ERT under these conditions.

The overall survival of the series was 21,8%, further
analysis combining mechanism of injury, anatomical zones
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and mortality revealed statistically significant better survival
(p=0.032) for penetrating cardiac trauma. Penetrating chest
trauma in general (cardiac, lung and mediastinal) had a
statistically significant (p=0.001) lower mortality than
the rest of the combined anatomical areas, irrespective of
mechanism. These results correlate well with the available
literature [1,13-34]

It is self-explanatory that a patient with a (potential)
cardiac injury will benefit from rapid evacuation of the
tamponade and control of the cardiac laceration, therefore
these patients are the ideal candidates for ERT, as long as
there are signs of cardio-respiratory activity (breathing
effort, palpable pulse, blood pressure and organized cardiac
rhythm) or a witnessed cardiac arrest on arrival to ED. Same
rationale applies to the rapid exsanguination or air embolism
secondary to penetrating mediastinal and pulmonary trauma.

Barring the obvious limitations of a retrospective
review our results suggest that the traditional indications
to use ERT could be adjusted, especially in a resources-
constrained environment. In patients with blunt injuries and
penetrating thoraco-abdominal or abdomino-pelvic trauma,
the degree of physiologic and metabolic deterioration and the
magnitude of the injuries significantly reduce the possibility
of survival. In these situations, the decision to perform an
ERT should be individualized. Despite the lack of statistical
power of our results, we believe that the severity of injury
expressed as physiological and metabolical derangement
that can be demonstrated by immediate point of care blood
gas analysis (pH, Base Deficit, Lactate) could still play a
significant role in predicting negative outcomes in patients
undergoing ERT.

Further studies to include these variables in the
decision-making process may give us a better answer.

Conclusions:

In a resource constrained environment an Emergency
Room Thoracotomy should be performed in patients with
a thoracic injury, especially cardiac, to achieve the best
possible outcome.
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