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INTRODUCTION Figure 4. Testing usefulness of machine-learning algorithm that tracks circulating
l h dd d d d i l i

• Hemorrhage accounts for > 80% (> 600) of ‘potentially survivable’ deaths on the
battlefield [Kelly et al., J Trauma 64:S21-S27, 2008].

• Standard vital signs currently used for triage either change relatively late or are non-

volume status when added to standard vital signs.
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specific (e.g., heart rate) in the course of reduced blood volume due to autonomic
compensation, making them less useful in determining the severity of hemorrhage in
injured patients (Figure 1).

• Early intervention improves patient outcomes from hemorrhage [Gerhardt, J Trauma
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62:S11-S12, 2007].

• New physiological signals need to be identified for earlier indication of blood volume
loss and patient status.

Laboratory ModelTrauma Patients
Figure 2. Databases used for identifying early physiological indicators of hemorrhage
in humans are derived from clinical vital signs and other physiological measures
obtained from patients during transport to Level 1 trauma centers (left panel) and
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Figure 1. Illustration of need for early signals of blood loss. exposure of healthy human subjects to LBNP (right panel).

RESULTS
Table 1. Evidence for ineffective decision support provided by standard vital sign monitors.

Figure 5. Strategy for tracking circulating blood volume during Remote Triage.
Comparison of responses to central hypovolemia (LBNP) and exercise demonstrate that
heart rate variability metrics respond in the same direction (RRI HF and SampEn),
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while pulse pressure can distinguish the two conditions.
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Figure 6. Decision-assist algorithm
for the remote triage of military
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• Identify new physiological signals that reflect early reductions in central blood
volume resulting from hemorrhage for use in:

• remote triage

Respiratory Rate No McManus et al, Prehosp Emerg Care 12: 199-205, 
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Blood pH No Convertino et al, J Trauma 64: S342-S353, 2008

casualties (HR, heart rate; PP, pulse
pressure).
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• advanced medical monitoring devices during en route transport and in the
emergency room

• Develop multivariate, machine-learning algorithms for real-time, decision-support
monitors.

Blood [Lactate] No Convertino et al, J Trauma 64: S342-S353, 2008

Blood Base Excess No Convertino et al, J Trauma 64: S342-S353, 2008

Figure 3. We need to fill the ‘Data Gap’ of medical monitoring, i.e., we need the
capability to integrate the meaning of physiological responses during the compensatory
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CONCLUSIONS
• We propose that an advanced algorithm for early diagnosis of severity of bleeding

will be multivariate and incorporate measures that reflect complex physiological
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METHODS

• Level 1 Trauma Patient Databases - pre-hospital civilian trauma patients
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will be multivariate and incorporate measures that reflect complex physiological
compensations, including:

• hemodynamic responses (e.g., arterial waveforms, waveform oscillations)

• autonomic compensations (e.g., RR interval)
• Lower body negative pressure (LBNP) - laboratory model of hemorrhage in healthy

human subjects
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• changes in tissue oxygenation (e.g., near-infrared spectroscopy)

• A machine-learning algorithm that provides real-time continuous integration of these
signals will prove instrumental in filling the ‘Data Gap’ of medical monitoring.
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