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Abstract
Objective: To determine early severity in patients with surgical trauma of the thorax, abdomen and
pelvis.
Methods: Cross-sectional study at the Hospital José Carrasco Arteaga Cuenca-Ecuador (20182020). Seventy-one patients met the inclusion criteria. We studied demographic variables, vital signs
and blood tests. The dependent variable was admission to the ICU. All values were taken at patient
admission, frequencies, percentages, measures of central tendency, or (95% CI) were performed.
Results: Male patients represented 83.1%; the mean age was 31 years, the mean time to hospital
was 36 min. 81.7% presented blunt trauma and the main cause was traffic accidents (57.7%).
Furthermore, 38% of patients required a transfusion, the main cause being traffic accidents (57.7%).
38% required a blood transfusion.
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The risk factors that were significant in predicting severity were: HR greater than 100, MAP less
than 70, SBP less than 90, Excess base greater than -6, pH less than 7.25, PT greater than 14.5,
bicarbonate less than 17.5. Mortality was 5.6%.
Conclusion: early predictors of severity in surgical trauma of the thorax, abdomen and pelvis
will allow taking measures upon admission of a traumatized patient, with simple and accessible
parameters.
Keywords: Hemorrhage; Shock; Hypovolemia; Trauma

Introduction
Hypovolemic shock secondary to traumatic injuries is one of the main causes of morbidity and
mortality, especially in young people. It accounts for more than five million deaths each year. 30%
to 40% of these deaths are associated with uncontrolled bleeding [1-3]. It is the second leading
cause of shock, after septic shock. Up to one third of trauma patients have signs of coagulopathy on
admission to hospital. Trauma-induced coagulopathy is associated with increased blood transfusion,
complications and mortality [2,4,5,].
Shock is an urgent and potentially fatal clinical alteration, in which there is a failure of the
circulatory system that prevents adequate perfusion of tissues. Therefore, there is no proper
oxygenation and nutrient supply. At the cellular level, the lack of oxygen results in a change from
aerobic to anaerobic metabolism, producing a consequent lactic acidosis. Its effects are initially
reversible, but if the cause is not corrected, they can progress to an irreversible situation such as
multiorgan failure and death [3-6].
It is one of the most frequent complications in patients admitted to the ICU (Intensive Care
Unit) with an incidence of up to 33% [7]. The delay in early identification of patients with active
bleeding delays the application of therapies that are essential for bleeding control [2,8,9].
The scarce number of trauma care centers, accompanied by disproportionate population growth,
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makes Medicare coverage lower [10]. Early detection of shock and
adequate resuscitation is essential to achieve better patient outcomes.
Predicting the severity of trauma helps the emergency team to make
timely clinical and surgical decisions in a polytraumatized patient.

literature reviewed the predictor factors that were significant p<0.005
were: HR (Heart Rate) greater than 100; MAP (Mean Blood Pressure)
less than 70; SBP (Systolic Blood Pressure) less than 90; excess base
greater than -6; pH less than 7.25; PT (Prothrombin Time) greater
than 14.5; bicarbonate less than 17.5 (Table 3). In addition, a mean
difference was performed in the factors that were positive, which were
statistically significant (p<0.005) (Table 4). A mortality rate of 5.6%
was reported.

Material and Methods
After approval of the protocol by the teaching and research
department of the José Carrasco Arteaga Hospital in the city of
Cuenca-Ecuador, a retrospective cross-sectional study was conducted
in which patients were taken from 2018 to 2020. Seventy-one patients
(n=71) met the inclusion criteria (abdominal or pelvic thoracic
trauma requiring surgical treatment). The variables studied were age,
sex, cause and type of trauma, vital signs, blood tests. The dependent
variable was ICU admission. All values were taken at patient
admission to the emergency room. We performed frequencies,
percentages, measures of central tendency. Regarding the search for
association of or variables with 95% CI, a p value of less than 0.05 was
taken for statistical significance.

Discussion
Injuries resulting from trauma constitute a public health priority,
since they tend to occur more often in people who are in their
economically active age. Their medical care costs are high due to
the need for surgery and hospitalization in intensive care [1,11]. The
Ministry of Public Health of Ecuador shows that death due to traffic
accidents is one of the most frequent causes. It is the sixth leading
cause of death in the country. It is also worth noting that 79.5% of
these victims are males [12]. These data correlate with the present
study since we observed that the male gender was more prevalent to
suffer from these injuries. In fact, 83.1%, of participants were men
with a mean age of 31 years SD ± 15.6. Secondary trauma to traffic
accidents includes 41 patients representing 57.7% of the population.
Their characteristics are also similar to those referred to in other
studies related to multiple traumas and the vital compromise of the
patient [1,13].

Results
Demographic variables
We found a larger male population (83.1%), mean age was 31 ±
15.6 SD. The time of arrival at the emergency room was 36.3 ± 0.45
SD. Most patients presented blunt trauma (81.7%). 57.7% suffered a
traffic accident (Table 1).

Polytrauma represents mortality rates that vary from 10% up to
63% if it is associated with cranial trauma and 35% if it occurs along
with pelvic fractures [14]. In this study a mortality of 5.6% was found.
This value is comparable with other countries such as in India where
the incidence of mortality is 8% [15]. In the United States, polytrauma
is the main cause of death in patients under 45 years of age [16].

Surgical variables and bleeding markers
Thirty-eight percent (n=27) of the patients required blood
transfusion. Tranexamic acid was applied to 52.1% (n=37) of the
population. FAST (Focused Abdominal Sonography for Trauma)
was performed on 40 patients, of which 50% were positive. On the
results of Computed Tomography (CT) performed in 37 patients,
intra-abdominal injuries were found in 22.5% of cases, thoracic
injuries in 9.9% and pelvic injuries in 2.8%. The mean number of days
of hospitalization was 8.07 SD ± 7.67. In Table 2, we show the mean
of the clinical and laboratory variables.

Vital signs
The results of the study show a HR mean of 92.4 beats per minute
SD ± 20.73, SBP (111 mmHg, SD ± 20.4) and MAP an average of
83.4 mmHg, SD ± 15.5. Öztekin Ö et al. [1] obtained data from 180
patients who donated a unit of blood (480 ml) being categorized as
hemorrhagic shock type I. They found that systolic, diastolic and
mean blood pressure tend to slightly decrease while HR rises to 90
beats per minute. The patient admitted with arterial hypotension
and requiring laparotomy needs every 3 min this intervention
otherwise it will increase mortality by 1%. The relationship between
arterial hypotension and tachycardia has been observed in only
65% of compromised patients according to several studies [1,11].
Ozakin E et al. [17] (Turkey-2020) took the values of vital signs and

Risk factors for severity in patients with surgical trauma
Dichotomization of the variables was performed. According to the
Table 1: Demografic variables.
Variables

Frequency (n)

Percentage (%)

12

16.9

Sex
Female
Male

Age
Time of arrival to emergency

59

83.1

MEAN

SD +/-

31

15.6

36.3 minutes

0.456

Frequency (n)

Percentage (%)

Table 2: Bleeding markers.
Variables
Heart Rate (HR)

Penetrating

58
13

SD+/-

93

20.73

Systolic Blood Pressure (SBP)

111

20.4

Mean Arterial blood Pressure (MAP)

83.4

15.58

81.7

Oxygen saturation

91.14

8.073

18.3

Hemoglobin (Hb)

14.24

2.37

Type of trauma
Blunt

Median

Cause

Hematocrit (Hto)

42.1

6.73

Traffic accident

41

57.7

Platelets

255.85

77.19

Fall

11

15.5

Prothrombin Time (PT)

12.44

1.38

Occupational

4

5.6

Partial Thromboplastin Time (PTT)

25.49

4.82

Physical Aggression

15

21.2

INR

1.03

0.11
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Table 3: Risk factors for severity in patients with surgical trauma.
Variable

ICU

No ICU

Higher than 100/min

13

13

Lower than 100/min

4

41

Lower than 70 mmHg

8

7

Mayor a 70 mmHg

9

47

HR

MAP
Lower than 90 mmHg

7

7

Higher than 90 mmHg

10

47

Higher than -6 mmol/l

15

19

Lower than -6 mmol/l

2

35

SBP

Excess base
Lower than 7.25

6

6

Higher than 7.25

11

48

pH
Higher than 14.5

5

2

Lower than 14.5

12

52

Higher than 33.3

3

3

Lower than 33.3

14

51

Lower than 10 g/dl

2

2

Higher than 10 g/dl

15

52

Lower than 17.5 mmol/l

11

14

Higher than 17.5 mmol/l

6

40

PT

PTT

Hb

Bicarbonate (HCO3)

OR

IC 95%

Valor p

10.25

2.84-36.96

*0.00

5.96

1.72-20.62

*0.00

4.7

1.34-16.41

*0.02

13.81

2.85-66.91

*0.00

4.36

1.18-16.13

*0.02

10.83

1.87-62.70

*0.00

3.64

0.66-20.06

0.28

3.46

0.44-26.72

0.51

5.23

1.63-16.81

*0.00

*Statistical significance in relation to the risk factor. Yate’s correction was used for values less than 5

effusion its sensitivity is 91% and its specificity is 94% [14].

Table 4: Relationship of risk factors with admission to ICU.
Risk Factors
HCO3

Excess base

HR

SBP

MBP

PT

Ph

ICU

N

Median

No

54

19.29

p-value

Netherton et al. conducted a systematic review and meta-analysis
regarding the diagnostic accuracy of E-FAST in trauma patients
reporting significant results as a useful tool in the early evaluation of
hemodynamically unstable patients. However, in patients with pelvic
girdle involvement the diagnostic instrument is operator dependent
[18].

0

Yes

17

16.06

No

54

-5.17

Yes

17

-10.11

No

54

85.78

Yes

17

113.71

No

54

115.48

Yes

17

96.76

0

Ordoñez et al. [19] evaluated the implementation of a new total
body computed tomography protocol in patients with severe trauma.
263 patients divided into 3 groups were considered. The groups
were hemodynamically stable closed trauma, hemodynamically
unstable closed trauma and stable or unstable penetrating trauma.
The admission time to the emergency department until obtaining the
tomography was less than 30 min. There were no differences between
groups with respect to survival rates. The investigators state that this
protocol has made it possible to decide whether patients with severe
trauma require emergent surgical interventions, thus reducing the
rate of unnecessary surgeries.

0

0

No

54

87.22

Yes

17

71.29

No

54

12.20

Yes

17

13.20

0

0

No

54

7.36

Yes

17

7.25

0

*We applied t student

laboratory parameters in the initial evaluation of patients to calculate
the perfusion index. They obtained averages of SBP 120 mmHg, HR
88 beats per minute, respiratory frequency in 20 breaths per minute.
They argue that in this type of patients normal values do not exclude
latent serious injuries.

The average CT time is 12 min, and it has been shown that it can
identify up to 4% of injuries not suspected by the patient's clinic. 75%
of these injuries are severe and lead to a change in treatment decisions
by 18% [14]. In this study, a tomographic examination was performed
in 37 patients of whom intra-abdominal lesions were obtained in
22.5% of cases, thoracic lesions in 9.9%, and pelvic lesions in 2.8%.

Imaging studies

Use of blood transfusions and antifibrinolytics

In this study we found that out of 40 patients who underwent
FAST, 50% were positive. FAST has a sensitivity of 38% to 95.4% for
solid organ lesions while in hollow viscera lesions its sensitivity is
38.5% but it rises to 85.2% when the study is repeated in 12 h to 24 h.
The Extended FAST (E-FAST) orients its exploration to the pleural
and pericardial spaces presenting a sensitivity of 69% and specificity
of 99% for the detection of pneumothorax. In relation to pericardial
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We found 38% of patients in whom a blood transfusion was
activated. This value is lower than that published by Pariente et al.
[20] in an observational study with 184 patients who have suffered
high energy trauma. They found that 41% of individuals needed a
blood transfusion. A study conducted at the University of California
collected data from 3,468 trauma patients over a 5-year period and
concluded that a lactate value >4 mmol/L is an early predictor of the
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need for blood transfusion, as well as of the volume transfused, the
risk of admission to the intensive care unit and the risk of mortality
[18,21].

4. Navio Serano AM, Valle Alonso J, Rene Piñero G, Rodriguez Camacho A,
Soriano Benet J, Vaquero M. Biomarkers in shock patients and their value
as a prognostic tool; a prospective multi-center cohort study. Bull Emerg
Trauma. 2019;7(3):232-9.

The Task Force for Advanced Bleeding Care in Trauma
recommends the use of tranexamic acid in patients with severe
trauma, since it favors a decrease in mortality [9,22,23]. Morales et
al. [23] performed a systematic review and meta-analysis including
20,697 patients, obtaining that the use of tranexamic acid produced a
decrease in mortality (p=0.004) and recovery in the functional state
of the individual (p=0.02). They also found that its application was
associated with an increase in the time of hospitalization in the ICU.

5. Kornblith LZ, Moore HB, Cohen MJ. Trauma-induced coagulopathy: The
past, present, and future. J Thromb Haemost. 2019;17(6):852-62.
6. Suresh MR, Chung KK, Schiller AM, Holley AB, Howard JT, Convertino
VA. Unmasking the Hypovolemic shock continuum: The compensatory
reserve. J Intensive Care Med. 2019;34(9):696-706.
7. Nagori A, Kalia A, Sharma A, Singh P, Bandhey H, Awasthi R, et al.
Generalized prediction of shock in intensive care units using deep learning.
MedRxiv. 2021:1-18.

Predictors of risk for admission to intensive care

8. Campos-Serra A, Montmany-Vioque S, Rebasa-Cladera P, Llaquet-Bayo
H, Gràcia-Roman R, Colom-Gordillo A, et al. The use of the shock index
as a predictor of active bleeding in trauma patients. Cir Esp (Engl Ed).
2018;96(8):494-500.

Twenty-four percent of patients required admission to the ICU.
Early predictors that represented a risk were HR greater than 100
(OR: 10.25 CI 2.945-35.208, p=0.00), MAP less than 70 (5.96 CI 1.3416.41, p=0.01), SBP less than 90 (4.7 CI 1.34-16.41, p=0.01). Nagori et
al. [7] conducted a multicenter study with 17,294 patients and found
HR and SBP to be the most important predictors for intensive care
unit stay.

9. Spahn DR, Bouillon B, Cerny V, Duranteau J, Filipescu D, Hunt BJ, et
al. The European guideline on management of major bleeding and
coagulopathy following trauma: Fifth edition. Crit Care. 2019;23(1):98.
10. Grossman Verner HM, Figueroa BA, Salgado Crespo M, Lorenzo M,
Amos JD. Trauma center funding: Time for an update. Trauma Surg Acute
Care Open. 2021;6(1):e000596.

Arterial blood gas parameters reported in this study expose a pH
less than 7.25 representing 4 times the risk of ICU admission (OR 4.36
CI 1.18-16.13, p=0.03). In turn a patient with a base excess greater
than -6 has a high risk of ICU admission (OR 13.81 CI 2.85-66.91,
p=0.00). Lactate and base excess has been associated with the need for
surgical intervention when dealing with penetrating trauma and base
excess levels less than -6 is associated with low risk of mortality [11].

11. Solano Arboleda N, Rojas Diaz AB. Uso de los gases arteriales en trauma.
Rev Colomb Cir. 2021;36(1):20-4.
12. Ministerio de Salud Publica. Perfil de Mortalidad por Sexo 2016. Ecuad
Minist Salud Publica [Internet].
13. Bruijns SR, Guly HR, Bouamra O, Lecky F, Lee WA. The value of
traditional vital signs, shock index, and age-based markers in predicting
trauma mortality. J Trauma Acute Care Surg. 2013;74(6):1432-7.

Baseline deficit is considered as an early marker and risk stratifier
in the triage of trauma patients, setting as a cut-off point <-6 mmol/L
for all those at risk of developing complications. Thus, it has been
concluded that it is a useful tool in the early clinical and surgical
management of trauma patients [24]. This supports the results
obtained in the study, being the baseline deficit proportional to the
risk of requiring admission to the intensive care unit.

14. Thippeswamy PB, Rajasekaran RB. Imaging in polytrauma - principles and
current concepts. J Clin Orthop Trauma. 2021;16:106-13.
15. Vishwanathan K, Chhajwani S, Gupta A, Vaishya R. Evaluation and
management of haemorrhagic shock in polytrauma: Clinical practice
guidelines. J Clin Orthop Trauma. 2020;13:106-15.
16. Expert Panel on Major Trauma Imaging; Shyu JY, Khurana B, Soto JA,
Biffl WL, Camacho MA, et al. ACR appropriateness criteria® major blunt
trauma. J Am Coll Radiol. 2020;17(5S):S160-74.

Limitations
It was not possible to perform the analysis of lactate parameters,
because not all patients had this parameter, sometimes due to lack of
reagent in the hospital center.

17. Yazlamaz NO, Ozakin E, Bastug BT, Karakilic E, Kaya FB, Acar N, et
al. The flatness index of inferior vena cava can be an accurate predictor
for hypovolemia in multi-trauma patients. Prehosp Disaster Med.
2021;36(4):414-20.

Conclusion
The early predictors of severity in operative trauma were HR
greater than 100, MAP less than 70, SBP less than 90, pH less than
7.25, base excess greater than -6, HCO3 less than 17.5 and PT greater
than 14.5.

18. Netherton S, Milenkovic V, Taylor M, Davis PJ. Diagnostic accuracy of
eFAST in the trauma patient: A systematic review and meta-analysis.
CJEM. 2019;21(6):727-38.
19. Ordoñez C, García C, Parra MW, Angamarca E, Guzmán-Rodríguez
M, Orlas CP, et al. Implementation of a new single-pass whole-body
computed tomography protocol: Is it safe, effective and efficient in patients
with severe trauma? Colomb Méd (Cali). 2020;51(1):e4224.

Acknowledgement
We thank the staff of the operating room department of the
Hospital José Carrasco Arteaga, who collaborated with the research.

20. Pariente Juste L, Koo Gómez M, Bonet Burguera A, Reyes García R,
Pérez García L, Macía Tejada I. Prehospital and hospital shock indices
as predictors of massive blood transfusion during the initial treatment of
polytrauma patients. Emergencias. 2021;33(1):29-34.

References
1. Öztekin Ö, Emektar E, Selvi H, Çevik Y. Perfusion indices can predict
early volume depletion in a blood donor model. Eur J Trauma Emerg Surg.
2022;48(1):553-7.

21. Brooke M, Yeung L, Miraflor E, Garcia A, Victorino GP. Lactate predicts
massive transfusion in hemodynamically normal patients. J Surg Res.
2016;204(1):139-44.

2. Casu S. Simplified treatment algorithm for the management of traumainduced hemorrhage without viscoelastic testing. Trauma Surg Acute Care
Open. 2021;6(1):e000779.

22. Rossaint R, Bouillon B, Cerny V, Coats TJ, Duranteau J, FernándezMondéjar E, et al. The European guideline on management of major
bleeding and coagulopathy following trauma: fourth edition. Crit Care.
2016;20:100.

3. Ortiz-Morales J. Application of the shock index a predictor of blood
transfusion. Rochester, NY: Social Science Research Network. 2020:80.

Remedy Publications LLC., | http://surgeryresearchjournal.com

4

2022 | Volume 5 | Article 1412

Sarmiento-Altamirano D, et al.,

World Journal of Surgery and Surgical Research - General Surgery

23. Morales-Cané I, López-Soto PJ, Rodríguez-Borrego MA. Tranexamic acid
in trauma patients in the emergency department: Systematic review and
meta-analysis. Emergencias. 2019;31(4):261-9.

Remedy Publications LLC., | http://surgeryresearchjournal.com

24. Dunham MP, Sartorius B, Laing GL, Bruce JL, Clarke DL. A comparison
of base deficit and vital signs in the early assessment of patients with
penetrating trauma in a high burden setting. Injury. 2017;48(9):1972-7.

5

2022 | Volume 5 | Article 1412

