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Background
• Hemorrhage accounts for ~80% of 

potentially preventable combat casualty 
deathsdeaths.

• Recognizing patients with significant 
hemorrhage and shock with clinicalhemorrhage and shock with clinical 
predictors alone continues to be 
challenging. 

• These are patients who would benefit from 
immediate surgical control of hemorrhage.
N t i i th ti t l d t• Not recognizing these patients may lead to 
increased mortality/morbidity.*

*Martin MJ, Oh J, et al. An Analysis of In-Hospital Deaths at a Modern 
Combat Support Hospital. J Trauma, 2009;66:S51-S61.







Background



Study QuestionStudy Question

• Can the on-admission measurement ofCan the on admission measurement of 
NIRS StO2 by the InSpectraTM Tissue 
Oxygenation Monitor provide detection ofOxygenation Monitor provide detection of 
compensated shock in combat casualties 
arriving to a combat support hospital?arriving to a combat support hospital?



Methods
• Single Combat Support Hospital in Baghdad
• Inclusion criteria:

– Litter-borne patients who sustained battle or non-battle 
injuries

• NIRS-derived tissue oxygenation (StO2) and• NIRS-derived tissue oxygenation (StO2) and 
Tissue Hemoglobin Index (THI) measured:
– 1st choice: thenar eminence

d lt id– deltoid 
– anterior thigh

• InSpectraTM StO2 Tissue Oxygenation MonitorInSpectra StO2 Tissue Oxygenation Monitor 
– Measured throughout ER course (providers blinded)



Methods
• Variables: 

– Minimum (StO2 min)Minimum (StO2 min)
– 2 minute averaged StO2 (StO2 ave) and Tissue 

Hemoglobin Index (THI) 
• Outcomes compared:

– requirement for life-saving interventions (LSI)
• Emergent airway, breathing, or circulation interventions
• Emergent transfer to OR

– any blood transfusionany blood transfusion
– massive transfusion (>10 units in 24 hours)
– early mortality.  y y



Methods
• Univariate and multivariate regression

V i bl• Variables:
– StO2 variables
– pulse character, blood pressure, heart rate, 

respiratory rate
– hemoglobin, hematocrit, platelets, INR, base 

deficit, pH and temperature.



ResultsResults

• 147 patients enrolled from August to147 patients enrolled from August to 
December 2007
– 93% male, mean age 27 years, g y
– 85% had explosion or GSW as mechanism.
– Mean ISS 11.5 ± 12.3
– 72 (49%) required a life-saving intervention.
– 42 (29%) required blood transfusion.
– 10 (7%) required massive transfusion.
– 3 (2%) died. 



Univariate analysis: LSIUnivariate analysis: LSI
Variable LSI: Yes

N = 72
LSI: No
N = 75

P*

Radial 
Pulse 
char.

60/72 (83%) 73/74 (99%) 0.001

HR 103 ± 27 92 ± 24 0 003HR 103 ± 27 92 ± 24 0.003

Hgb 12 ± 2 14 ± 2 <0.0001

INR 1.2 ± 0.31 1.04 ± 0.19 0.001

BD -3.3 ± 3.4 -0.9 ± 2.9 <0.0001

pH 7.3 ± 0.1 7.4 ± 0.1 0.0005

StO2 74 ± 19 80 ± 13 0.016StO 9 80 3 0 0 6

*sig., 2-tailed
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Univariate analysis: Blood transfusion
Variable LSI: Yes

N = 42
LSI: No
N = 105

P*

Radial 
P l

32/42 (76%) 101/104 
(97%)

<0.0001
Pulse 
char.

(97%)

SBP 108 ± 29 133 ± 17 <0.0001

HR 108 ± 29 93 ± 23 0.0009

Hgb 12 ± 2 14 ± 2 <0.0001

INR 1.23 ± 0.37 1.07 ± 0.19 0.001

BD -3.3 ± 3.4 -0.9 ± 2.9 0.040BD 3.3 ± 3.4 0.9 ± 2.9 0.040

pH 7.3 ± 0.1 7.4 ± 0.1 0.0003

StO2 71 ± 19 79 ± 14 0.010

*sig., 2-tailed
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Univariate analysis: Massive transfusion
Variable LSI: Yes

N = 10
LSI: No
N = 137

P*

Radial 5/10 (50%) 128/136 
(94%)

0.0005
Pulse 
char.

(94%)

SBP 103 ± 46 127 ± 24 0.034

HR 122 ± 27 96 ± 25 0.0035

Hgb 12 ± 2 14 ± 2 0.010

INR 1.53 ± 0.42 1.09 ± 0.23 0.0002

pH 7 3 ± 0 1 7 4 ± 0 1 0 013pH 7.3 ± 0.1 7.4 ± 0.1 0.013

StO2 62 ± 18 78 ± 16 0.003

*sig., 2-tailed



Tr a ns- pe l v i c  GS W

90

100
High-velocity trans-pelvic GSW

80

90

Units going in

60

70

Start second 4 PRBC, 2 FTP

g g

40

50

Units going in

StO2

20

30

Total products: 20 PRBC

Units going in

10

Start first 4 PRBC, 2 FTP

Total products:  20 PRBC
16 FFP
3 PLTS
Factor VIIa x 2 doses

0

14:59 15:01 15:02 15:04 15:05 15:07 15:08 15:09 15:11 15:12

Time

Range Selection
8/29/0 Time



Multivariate analysisMultivariate analysis
• StO2 average not retained in any model.
• LSI prediction: 

– INR, hematocrit, base deficit, and BP with an , , ,
AUC 0.85 

• Blood transfusion prediction:Blood transfusion prediction:  
– SBP, INR, THI, and hematocrit with an AUC of 

0.90 
• Massive transfusion:  

– INR and hemoglobin with an AUC of 0 91– INR and hemoglobin with an AUC of 0.91



Univariate analysis of StO2Univariate analysis of StO2

• AUC from single variable logistic regressionAUC from single variable logistic regression 
models for StO2 average

Outcome StO2 AUC (95% CI)
LSI 0.61 (0.49, 0.65)
Blood Transfusion 0.64 (0.55, 0.73)
Massive Transfusion 0.78 (0.63, 0.93)



Casualties with SBP > 90 on arrivalCasualties with SBP  90 on arrival

• 132 patients mean arrival SBP 131• 132 patients, mean arrival SBP 131
• 30 (23%) received a blood 

transfusion.
• Independent predictors ofIndependent predictors of 

transfusion: 
• StO2 min (OR 1 35)• StO2 min (OR 1.35) 
• hematocrit (OR 2.66).



LimitationsLimitations

• Ideally sample size would be larger--Ideally, sample size would be larger
particularly massive transfusion patients 
(only 10 in this dataset)(only 10 in this dataset).

• StO2 values not used in clinical decision-
making while other variables weremaking while other variables were.



ConclusionsConclusions
• In this study, StO2 tended to be overshadowed 

by other powerful predictors of LSI bloodby other powerful predictors of LSI, blood 
transfusion, and massive transfusion (e.g. INR, 
hematocrit).

• However, StO2 predicted need for blood 
transfusion in casualties who appeared stable 
(arrival SBP > 90)(arrival SBP > 90).

• Tissue Hemoglobin Index (THI) was retained in 
multivariate model to predict blood transfusion p
for the whole group.



ConclusionsConclusions

• StO2 has the advantage of being non• StO2 has the advantage of being non-
invasive and trended, while pH, BD, INR, 
and Hgb are invasive and discreteand Hgb are invasive and discrete.

• Further studies on how to best employ
tissue oximetry coupled with continuedtissue oximetry coupled with continued
refinements of the device and software are
needed to clarify the utility and indicationsy y
for this promising technology.





Massive transfusion

StO2 min AUC = 0.81 BD AUC = 0.69



Life-saving Interventions

StO2 min AUC = 0.67 BD AUC = 0.71



AccuracyAccuracy
• For LSI:

– Cutoff StO2 min: 79
• Sensitivity: 68%
• Specificity: 51%p y

• For blood transfusion:
– Cutoff StO2 min: 80

• Sensitivity: 76%• Sensitivity: 76%
• Specificity: 40%

• For massive transfusion:
C t ff StO2 i 75– Cutoff StO2 min: 75

• Sensitivity: 90%
• Specificity: 55%


