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Introduction
Trauma is one of the leading causes of death and disability 
internationally.1 Penetrating thoracic trauma has a mortality 
rate that ranges from 20–25%. Although most penetrating 
chest trauma can be managed non-operatively by the insertion 
of an intercostal drain (ICD),2,3 penetrating chest trauma is 
responsible for approximately half of all traumatic deaths 
secondary to penetrating trauma.2 Approximately 10–30% of 
thoracic trauma patients require an immediate thoracotomy 
to control haemorrhage.3-6 Various controversies exist 
regarding operative intervention versus observation of these 
patients.4-7

This study sought to investigate whether the use of 
biomarkers, specifically lactate levels of ≥ 4mmol/L and 
base deficit (BD) ≤ -4 mmol/L together with a shock index 
(SI) of > 0.8 could predict the need for surgical intervention 
in penetrating thoracic trauma patients. These cut-off values 
were chosen after scrutiny of the literature.8-22 Predicting 
surgical intervention early would decrease the time to 
intervention and reduce delays. 

Methods
The study was a quantitative retrospective analysis of 
a prospectively collected database at the trauma unit 
at Charlotte Maxeke Johannesburg Academic Hospital 
(CMJAH), South Africa. Patients presenting to the unit 
between 1 March 2011 and 31 March 2016 with penetrating 
thoracic injuries who were classified as priority 1 (P1) patients 

(including those who died before and after intervention) were 
included. Patients were grouped according to those requiring 
surgical intervention and those managed non-operatively 
with an ICD or suturing. All patients with significant 
penetrating chest injuries who required resuscitation were 
included. 

Standard protocol in the unit dictates that all penetrating 
thoracic trauma with haemodynamic instability or evidence 
of chest wall penetration be admitted to the resuscitation area 
as P1. Haemodynamic instability was defined as systolic 
blood pressure (SBP) less than 90 mmHg. Demographic 
characteristics and vital signs, including SBP, pulse rate, 
respiratory rate (RR), Glasgow Coma Scale (GCS), and 
arterial blood gas findings, including pH, lactate, BD, and 
haemoglobin level, were recorded. These vital signs and 
blood samples were taken on arrival in the resuscitation area. 
From these, SI was calculated by dividing heart rate (HR) 
by SBP. Obvious cardiac injuries as in cardiac tamponade, 
air embolism and major tracheobronchial injuries were 
excluded as they required urgent surgical intervention. 
Thoracoabdominal injuries with abdominal visceral injuries 
and patients with significant incomplete data were also 
excluded.

The sample size of 491 patients consisted of 246 requiring 
an emergency operative intervention and a matching non-
operative group of 245 consecutive patients with penetrating 
thoracic injuries managed conservatively. Non-operative 
interventions included ICD insertion, suturing of wounds 
in the emergency department and observation with a repeat 
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chest x-ray after six hours. Other parameters captured 
included the need for and type of surgical and non-surgical 
intervention, time to surgical intervention, and operative 
findings at outcome.

Statistical analysis
An estimated sample size of 207 participants per group was 
calculated to be sufficient for a significance level (alpha) of 
0.05 and power of 90% (ratio control vs experiment of 1) to 
show a 20% difference between the groups for a two-sample 
t-test. 

The study variables were captured into a Microsoft Excel 
spreadsheet and imported into STATA Version 14.2 suit of 
analytics software. Descriptive statistics were conducted, 
and the Shapiro-Wilk test was performed to determine 
the normality of distribution of the data. Non-parametric 
Mann-Whitney U tests were performed, as appropriate, 
to determine differences in continuous variables between 
the groups (Table I) and mean (±SD) or median and range 
reported. The Fisher’s exact tests were conducted to analyse 
categorical variables between the groups (Table II), and the 
results are expressed as absolute and relative frequencies. 
Significance was set at 5%. Univariate and multivariate 
logistical regression analyses were conducted for prediction 
model building in Table III, and only variables with 
p-values < 0.20 in the univariate analyses were included in 
multivariate model building. 

The Hosmer-Lemeshow (HL) test was applied to 
determine the goodness-of-fit of the combined marker 
panels in multivariate models, with the highest p-value and 
lowest HL chi2 indicating the best-fit model for this dataset. 
Receiver operating characteristic (ROC) curve analysis 
was conducted, and the area under the curve (AUC) was 
reported to determine the ability of the individual variables 

or combined variable panels to predict surgical intervention 
accurately.

Results
Table I shows demographic and biochemical data collected 
from the non-intervention (n = 245) and intervention groups 
(n = 246). The mean age of the study population was 29.1 
years (15–64 years), with no significant age differences 
between the two groups. A marked male predominance was 
noted (468/491, 95.1%).

Despite significant differences in the mean SBP and 
HR values between the intervention and non-intervention 
groups (110 mmHg vs 133 mmHg and 95 bpm vs 87 bpm, 
respectively), these levels still fell within what is considered 
the "normal" range for these vital signs. Moreover, these 
parameters were well above the cut-off levels where vital 
signs alone would prompt immediate surgical intervention 
according to current guidelines, i.e., SBP < 90 mmHg and 
HR > 120 bpm.3 

Statistically significant differences between the non-
intervention and intervention groups were also noted for 
GCS, haemoglobin, lactate, BD, pH and SI. Furthermore, 
when these parameters were categorised according to 
internationally recognised cut-off values in trauma patients, 
significant differences between the groups remained very 
strong (p-values < 0.0001; Table I).

When the types of penetrating injuries sustained were 
further classified into stab or gunshot wounds (GSW), most 
traumatic thoracic injuries encountered were found to result 
from stab wounds, a trend seen in both groups. However, 
the intervention group had a significantly higher proportion 
of GSW (20.8%) compared to the non-intervention group 
(6.9%), most likely due to the higher kinetic energy transfer 
involved with GSW causing more significant injury.12,22

Table I: Demographic and biochemical parameters of intervention vs non-intervention trauma patients

Parameter Participants
(n = 491)

Non-intervention 
(n = 245)

Intervention
(n = 246)

p-value* Effect size
(OR/Cohen’s d)

95% CI

Age, years 29.1 (7.1) 29.3 (7.7) 28.8 (6.6) 0.94 0.07 0.12–0.25

Male gender, %
Male: Female

95.1%
19.6:1

93.1%
13.4:1

97.6%
40.0:1

0.02 0.34 0.12–0.91

HR (bpm)
Cat: HR > 120 

91.14 (21.28)
8.8%

87.42 (17.68)
4.1%

94.69 (23.89)
13.5%

< 0.0001
< 0.0001

-0.41
3.68

-0.59–(-0.23)
1.71–8.55

SBP (mmHg)
Cat: < 90

121.67 (29.24)
11.8%

132.6 (23.0)
0.8%

109.55 (28.27)
22.8%

< 0.0001
< 0.0001

0.95
35.8

0.77–1.14
9.21–305.3

Lactate (mmol/L)
Cat: Lact > 4 

3.88 (3.04)
35.3%

2.49 (1.46)
13.1%

5.39 (3.47)
57.6%

< 0.0001
< 0.0001

-1.13
  9.05

-1.32–(-0.94)
 5.65–14.64

BD (mmol/L)
Cat: BD < -4

-5.65 (5.33)
52.3%

-3.86 (3.51)
33.1%

-7.85 (5.56)
71.5%

< 0.0001
< 0.0001

0.86
5.09

0.67–1.04
3.41–7.62

SI
Cat: SI > 0.8

0.80 (0.33)
38.9%

0.68 (0.19)
23.7%

0.93 (0.38)
54.3%

< 0.0001
< 0.0001

-0.89  
3.83

-1.07–(-0.70)
 2.56–5.77

ISS 13.22 (5.51) 9.68 (1.33) 17.72 (5.52) <0.0001 -2.13 -2.37–(-1.90)
Mann-Whitney test for continuous variables, Fisher’s exact test for categorical variables. Continuous variables are expressed as mean ± SD unless specified otherwise.  
Categorical variables are expressed as relative frequencies. BD – base deficit, Cat – categorical variable, GCS – Glasgow Coma Scale, Hb – haemoglobin, HR – heart rate, NS 
– not significant, RR – respiratory rate, SBP – systolic blood pressure, SI – shock index, ISS – injury severity score

Table II: Type of injury 

Type of injury Non-intervention (%) Intervention (%) Total (%)

GSW (n = 68) 17 (6.9) 51 (20.8) 68 (13.8)

Stab (n = 242) 228 (93.1) 194 (79.2) 422 (86.1)

Total 245 245* 490
*1 missing data point GSW – gunshot wound
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The surgical intervention rate was 22% yearly, which 
is similar to international averages of approximately 
10–30%.6,23 Table IV outlines the surgical interventions 
undertaken. 

Sternotomies (n = 102, 42%) and thoracotomies (n = 97, 
40%) formed the bulk of the procedures. Patients who 
underwent a pericardial window were subdivided into those 
with a positive window who went on to have a sternotomy 
and those with a negative pericardial window who did not.

Of the 246 patients who underwent an operative intervention, 
159 (65%) were operated within two hours of presentation, 
61 (25%) within two to four hours, 11 (4%) within four to 
six hours, 13 (5%) more than six hours after presentation 
and two (1%) patients had no recorded time to intervention. 

A logistical regression analysis (summarised in Table III) 
was performed to further establish, which parameters would 
be more reliable when predicting the need for surgical 
intervention in penetrating thoracic trauma. 

Haemoglobin and GCS were unreliable as early predictors 
of surgical intervention (Table III) when the AUC are 
compared (3–7, 22–25). BD, lactate, and SI showed the 
strongest statistical significance individually, with good 
AUC and good fitting of the data between the groups. 
According to the Hosmer-Lemeshow test, lactate was the 
only parameter to achieve an AUC of > 0.8 and the best 
goodness-of-fit (AUC = 0.814; HL chi2 = 5.98, p = 0.65).

Lactate, BD and SI were then grouped in different 
combinations to ascertain which panel would best predict 
operative intervention using multivariate logistic regression 
(Table V, Figure 1). When BD was grouped with lactate and 
SI or lactate alone, its statistical significance within the panel 
deteriorated significantly (p = 0.34 and 0.23, respectively). 

Although the panel of lactate-BD-SI achieved the highest 
AUC of 0.833, the Hosmer-Lemeshow test showed it was 
a relatively poor fit to the data (HL chi2 = 7.55, p = 0.48). 
Furthermore, when BD was combined with SI alone, the 
AUC dropped below 0.8. With BD excluded, the lactate-
SI panel was found to be the most reliable combination 
of parameters for the prediction of operative intervention 
(AUC = 0.831; HL chi2 = 5.91, p = 0.66) with a sensitivity 
of 68.8%, a specificity of 84.1%, a positive predictive value 

Table III: Logistical regression analyses of univariate and multivariate panels

Parameter AUC Odds ratio OR 95% CI p-value

Lactate 0.814 1.89 1.66–2.16 < 0.0001

BD 0.741 0.82 0.78–0.86 < 0.0001

SI 0.730 32.5 13.9–76.0 < 0.0001

GCS 0.623 12.7 5.7–28.5 < 0.0001

pH 0.621 2.69 1.87–3.88 < 0.0001

HR 0.542 3.68 1.77–7.64 < 0.001

Hb 0.542 10.4 2.4–44.9 < 0.0001

Combined panels

Lactate-BD-SI 0.833 < 0.0001

Lactate 1.67 1.42–1.94 < 0.0001

BD 0.97 0.92–1.03 0.34

SI 7.36 2.87–18.8 < 0.0001

Lactate-BD 0.815 < 0.0001

Lactate 1.81 1.55–2.10 < 0.0001

BD 0.96 0.91–1.02 0.23

BD-SI 0.784 < 0.0001

BD 0.86 0.82–0.91 < 0.0001

SI 17.2 6.9–42.4 < 0.0001

Lactate-SI 0.831 < 0.0001

Lactate 1.73 1.51–1.98 < 0.0001

SI 7.45 2.92–19.0 < 0.0001
Multivariate regression was used to combine parameters identified in univariate analyses, and the Hosmer-Lemeshow test was used to select the best combination model/
panel. The odds ratio indicates the weight. BD – base deficit, GCS – Glasgow Coma Scale, Hb – haemoglobin, HR – heart rate, RR – respiratory rate, SBP – systolic blood 
pressure, SI – shock index.

Table IV: Type of operative intervention

Operative intervention Number (n = 246)

Sternotomy 87 (35%)

Pericardial window 21 (8.5%)

Negative 6

Positive (converted to sternotomy) 15

Thoracotomy 115 (47%)

Right 22

Left 35

Side not specified 40

ERT 15

Clamshell 3

Subclavian artery exploration 4 (1.5%)

Would exploration 6 (2.5%)

Neck exploration 2 (1%)

Axillary artery exploration 2 (1%)

Unspecified operative intervention 9 (3.5%)

Sternotomy 87 (35%)
ERT – emergency room thoracotomy
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of 80.9% and a negative predictive value of 72.37%, overall, 
correctly classifying 76.5% of patients. 

Assuming the other markers in the panel remained 
constant, the effect of the odds (of operative intervention) of 
a single-unit increase in lactate is 1.73, meaning the odds of 
having an operative intervention increase of 73%. The effect 
of the odds of a 1-unit increase in SI is 7.45, meaning the 
odds of an operative intervention are approximately seven 
times more likely.

When specific cut-off values of lactate ≥ 4mmol/L and 
SI ≥ 0.8 were introduced, a sensitivity and specificity of 
57.50% and 86.94%, respectively, and positive and negative 
predictive values of 81.18% and 67.62%, respectively, 
were calculated, correctly classifying 72.4% of patients. 
Analysis of the odds ratio revealed that lactate ≥ 4 and SI 
≥ 0.8 increased the odds of operative intervention by eight 
times compared to patients with values within normal limits 
(Table VI).

By scrutinising the ROC analysis, cut-off values 
of lactate >3.2 and SI of > 1.1 (sensitivity 
= 75.0%, specificity = 76.7%, negative 
predictive value = 75.81%, positive predictive 
value = 75.9%) provided the highest overall 
predictive value of operative intervention and 
in combination correctly identify 75.88% of 
patients requiring surgery.

Even so, using clinical judgement and 
previously prescribed indications, 65% of 
patients underwent surgical intervention within 
the first two hours of presentation. Using the 
above cut-off values, which are easily at hand 
and available within minutes, would have 
increased the identification of patients needing 
surgical intervention. 

Additionally, all patients in the non-operative 
group survived. Our data suggest that patients 
who met any two or all three specified criteria 
were also more likely to succumb to their 
injuries despite intervention, whether early or 
late, compared to those who met one or fewer 
criteria (p < 0.001). Further study of this aspect 
is required as the number of patients whose 
outcomes were recorded was not sufficient to 
comment on this reliably.

Discussion
Listed below are the current indications for thoracotomy as 
stated by Advanced Trauma Life Support (ATLS)®.3 These 
include the ongoing haemodynamic instability, immediate 
significant drainage and ongoing evidence of bleeding as 
well as specified organ injuries that may threaten the life. 
Surgery is required in 30% of penetrating thoracic injuries 
compared to 10% in blunt trauma.3-6

The premise of the above indications is based on 
observations made during the Vietnam War in the early 
1970s.4-6 Findings showed that the risk of death increases 
linearly with total chest haemorrhage after thoracic injury 
and that mortality was three times higher with an output 
of >1500 mL of blood compared to that of 500 mL.6 Early 
performance of emergency thoracotomy resulted in a 
decrease in mortality.4-6,22

Considering the many controversies regarding operative 
intervention versus observation of patients who have 

Table VI: Combinations of variables with proposed cut-off values

Combination: Lactate 4 and 
SI 0.8

Lactate 3.2 and 
SI 0.8

Lactate 3.2 and 
SI 1.1

Sensitivity 57.50 71.25 75.0

Specificity 86.94 77.96 76.7

Correctly classified 72.37 74.64 75.88
SI – shock index

Table V: Combined panel with cut-offs

Parameter Sensitivity (%) Specificity (%) NPV (%) PPV (%) Odds ratio OR 95% CI p-value

Lactate-SI
Lactate ≥ 4
SI ≤ 0.8

57.50 86.94 67.62 81.18 8.12
6.96
2.11

4.34–11.2
1.36–3.28

< 0.0001
< 0.0001
< 0.001

Lactate-BD-SI
Lactate ≥ 4
BD ≤ 4
SI ≥ 0.8

67.08 80.41 71.38 77.03
4.89
2.46
1.83

2.95–8.08
1.57–3.83
1.17–2.89

< 0.0001
< 0.0001
< 0.0001
< 0.01

Lactate-BD
Lactate ≥ 4
BD ≤ 4

57.61 86.94 67.41 81.40
5.87
2.70

3.61–9.53
1.75–4.18

< 0.0001
< 0.0001
< 0.0001

BD-SI
BD ≤ 4
SI ≥ 0.8

71.60 66.94 70.39 68.24
3.98
2.67

2.67–5.95
1.76–4.04

< 0.0001
< 0.0001
< 0.0001

NPV – negative predictive value, PPV – positive predictive value, SI – shock index
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Figure 1: ROC curve for lactate and SI individually and in combined 
multivariate panels as predictors of surgical intervention 
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sustained penetrating thoracic trauma, the absolute volume 
of intra-pleural drainage as an indication for thoracotomy 
is unreliable.4-6 Multiple factors may influence the volume 
of drainage. Abnormal vital signs signifying haemodynamic 
instability are late shock indicators.22-26

Much of the earlier literature surrounding the use of 
biomarkers in trauma focused on their use to predict 
endpoints such as death, admission to ICU or the need for 
massive transfusion.11,13,15-19

Although several studies have analysed the use of 
biomarkers such as lactate and BD as predictors of high-
risk trauma patients and to assist with the diagnosis of occult 
shock,8-18 only a few refer to the use of lactate and BD in 
decision-making regarding operative intervention.8,18,20 

Caputo et al. in 2013 noted no difference in vital signs and 
BD between operative and non-operative trauma patients 
but a significant difference in lactate levels.8 Patients with 
elevated lactate were more likely to require operative 
intervention.8 In a study consisting of patients with blunt 
and penetrating thoracic trauma, Parsikia et al. reported that 
lactate was a better predictor of operative intervention than 
vital signs with a p = 0.033 and AUC of 0.608.27 Caputo 
et al. evaluated serum lactate, anion gap and base deficit’s 
predictive value for massive transfusion and operative 
intervention.10 Lactate and BD were comparable for the 
prediction of surgical intervention with an AUC of 0.62 and 
0.67, respectively. As with their 2013 study, the study group 
included trauma patients with blunt and penetrating injuries 
to multiple body regions, including the chest and abdomen.

Our study supports the above studies regarding the use 
of lactate as a tool to assist in identifying the need for 
operative intervention in penetrating thoracic trauma. It 
provides compelling evidence of its predictive value, which 
is improved further when combined with the shock index.

Despite reported reliability issues from lactate and BD 
as predictive tools in the diagnosis of shock resulting from 
alcohol consumption,21,28-30 the study showed a statistically 
significant difference between the non-intervention group 
and the intervention group with both lactate and BD 
individually (p < 0.001). 

While lactate proved to be a strong parameter both alone 
and in combination with SI, the same could not be said for 
BD. Given that up to 66% of our trauma population are under 
the influence of alcohol on presentation, the possibility of 
alcohol influencing reliability cannot be ruled.28 

Limitations
Considering that this was a retrospective study, there are 
limitations such as selection bias and the fact that the value 
of the data relies upon the accuracy of its collection in the 
past. Additionally, the single centre may not be illustrative 
of the more general population. The exclusion of some cases 
that required emergency room thoracotomy (ERT) may have 
skewed the findings. Furthermore, the study only included 
penetrating thoracic trauma; therefore, no inferences can 
be made for blunt trauma or trauma involving other body 
regions. Development and validation samples could have 
been used to evaluate the derived models.

Conclusion
This study highlights the usefulness of lactate and SI as 
triage tools in P1 patients with penetrating thoracic trauma. 
Although strict universal cut-off values of lactate and SI do 

not identify those patients requiring surgical intervention 
with 100% certainty, they improve the accuracy in 
identifying those patients at higher risk in a timely manner.

Future studies
A prospective multicentre study should be conducted to 
validate our findings. With no consensus regarding the 
effect of alcohol on lactate and whether this influences its 
reliability as a triage tool, further investigation into the effect 
of alcohol on blood gas parameters, such as lactate and BD, 
is needed.31 
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