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Abstract

Introduction—We evaluated the potential utility of a new prototype noninvasive muscle 

oxygenation (MOx) measurement for the identification of shock severity in a population of 

patients admitted to the trauma resuscitation rooms of a Level I regional trauma center. The goal of 

this project was to correlate MOx with shock severity as defined by standard measures of shock: 

systolic blood pressure, heart rate, and lactate.

Methods—Optical spectra were collected from subjects by placement of a custom-designed 

optical probe over the first dorsal interosseous muscles on the back of the hand. Spectra were 

acquired from trauma patients as soon as possible upon admission to the trauma resuscitation 

room. Patients with any injury were eligible for study. MOx was determined from the collected 

optical spectra with a multi-wavelength analysis that used both visible and near-infrared regions of 

light. Shock severity was determined in each patient by a scoring system based on combined 

degrees of hypotension, tachycardia, and lactate. MOx values of patients in each shock severity 

group (mild, moderate, and severe) were compared using two-sample t-tests.

Results—In 17 healthy control patients, the mean MOx value was 91.0 ± 5.5%. A total of 69 

trauma patients were studied. Patients classified as having mild shock had a mean MOx of 62.5 

± 26.2% (n = 33), those classified as in moderate shock had a mean MOx of 56.9 ± 26.9% (n = 25) 

and those classified as in severe shock had a MOx of 31.0 ± 17.1% (n = 11). Mean MOx for each 

of these groups was statistically different from the healthy control group (p<0.05).

Receiver operating characteristic (ROC) analyses show that MOx and shock index (heart rate/

systolic blood pressure) identified shock similarly well (area under the curves (AUC) = 0.857 and 
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0.828, respectively). However, MOx identified mild shock better than shock index in the same 

group of patients (AUC = 0.782 and 0.671, respectively).

Conclusions—The results obtained from this pilot study indicate that MOx correlates with 

shock severity in a population of trauma patients. Noninvasive and continuous MOx holds promise 

to aid in patient triage and to evaluate patient condition throughout the course of resuscitation.
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Introduction

Severity of injury in patients following traumatic injury remains difficult to accurately 

assess, especially in the pre-hospital setting. Triage guidelines commonly include vital signs 

and anatomic injury, and rely heavily on individual judgment. Pre-hospital vital signs have 

been found to be both predictive (1, 2) and not predictive (3) of mortality. A recent study has 

shown that pre-hospital lactate ≥ 2.5 mmol/L was more predictive of the need for early 

resuscitative care than systolic blood pressures of ≤ 90 mm Hg (4). Clinical scoring systems 

have been developed that show promise for predicting in-hospital mortality or intensive care 

unit (ICU) admission (5–7), but no clear gold standard has emerged. There exists a need for 

a simple, noninvasive monitoring tool to rapidly identify patients in need of resuscitation.

We have developed a prototype of a noninvasive muscle oximeter based on optical 

spectroscopy that determines oxygen available at the cellular level, rather than just in the 

vascular space where oxygen is typically measured clinically. Our device measures spectra 

in the visible and near-infrared (NIR) wavelength regions, in contrast to near-infrared 

spectroscopy (NIRS) devices on the market that measure only a few selected wavelengths in 

the NIR. Peripheral muscle is an excellent tissue to monitor in impending shock since it is 

not a vital organ. During conditions of impaired oxygen delivery in the body, such as in 

trauma with significant blood loss, blood may be preferentially shunted away from the skin 

and skeletal muscles to maintain better perfusion to the vital organs. Thus, decreased muscle 

oxygenation (MOx) may be the first indicator of dysregulation of the cardiovascular system, 

signaling the early onset of shock.

We hypothesized that MOx is a sensitive measure of shock in patients with traumatic 

injuries and that it has potential as a triage tool. The goal of this project was to correlate 

noninvasive MOx with shock severity defined by systolic blood pressure (SBP), heart rate 

(HR), and lactate in a population of trauma patients upon admission to the emergency 

department (ED) at Harborview Medical Center (HMC) in Seattle, Washington, a major 

Level 1 regional trauma center in the Pacific Northwest.

Materials and Methods

Patients

Patients who were triaged into the ED trauma resuscitation rooms in a convenience sample 

during the study period (December 2009 to September 2011) were considered for 
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enrollment. All trauma patients admitted to the ED trauma resuscitation rooms when our 

research team was present, regardless of injury type or severity, were candidates for the 

study. With a single prototype device, only one trauma patient could be studied at a time. 

When the device was available, all patients admitted to the trauma resuscitation rooms were 

approached for the study by our research team.

Patients with bilateral arm or hand injuries were excluded, as well as pregnant patients and 

prisoners. Patients were either initially approached for consent, or delayed consent was 

obtained following initial stabilization for subjects unable to provide consent with no 

immediate next of kin available. Data from subjects studied with delayed consent for whom 

consent was subsequently declined were purged and not included in the analyses. Our goal 

was to obtain initial optical data as soon as possible after admission to the ED in order to 

obtain MOx information before resuscitation was complete or definitive therapy provided. 

However, measurements made for this study did not interfere with the standard assessment 

and treatment provided to these patients. The study was approved by the Institutional 

Review Board at the University of Washington.

The control group was comprised of 17 healthy adult subjects with a mean age of 41.1 ± 9.5 

years. The group included eight men and nine women. The control group had no history of 

hypertension, cardiovascular disease, pulmonary disease, diabetes, or deep vein thrombosis.

Optical System and Data Acquisition

Optical spectra were collected from control subjects and trauma patients with a custom-

designed optical probe developed in our laboratory. The probe consists of a set of 

illuminating optical fibers arranged in an arc separated from a central set of detecting fibers 

arranged in a spot (Fiberoptic Systems, Inc., Simi Valley, CA). The distance from the 

illuminating to the detecting optical fibers was set at 9, 11 or 13 mm in three different 

probes. The choice of probe was based on physical characteristics of the subject and the 

resulting quality of optical spectra obtained on initial testing of each subject. Spectra were 

obtained using an imaging spectrometer (iHR320, Horiba Jobin Yvon, Edison, NJ) coupled 

with a 256 × 1024-pixel thermoelectrically cooled CCD detector (Synapse, Horiba Jobin 

Yvon, Edison, NJ). A custom-designed LED-based light source (Innovations in Optics, Inc., 

Woburn, MA) provided illumination in the visible and NIR wavelength regions (500–800 

nm). Figure 1 is an illustration of the prototype device.

Optical spectra were collected from all subjects by placement of an optical probe over the 

first dorsal interosseous (FDI) muscles on the back of the hand. The probe was held in place 

with tape or an elastic wrap. Optical spectra were collected every 2–5 s. In ED patients, 

spectra were acquired continuously for a period of 8–15 minutes. In control subjects, spectra 

were collected for 3 minutes at rest while breathing room air.

MOx was determined from the collected optical spectra using a multiwavelength analysis, 

Locally Weighted Regression (LWR), previously described (8) using MATLAB (R2014a, 

The MathWorks, Inc., Natick, MA) and PLS Toolbox (v7.8, Eigenvector Research, Inc., 

Wenatchee, WA). The pattern-matching algorithm was trained on a reference set of spectra 

obtained from 33 healthy subjects with a wide range of MOx values, body mass index 
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(BMI), and skin tones. This group of healthy subjects had no overlap with the control group 

for the trauma study. This group ranged in age from 18 to 53 years with a mean of 39.2 ± 9.0 

years. Each spectrum acquired from trauma patients and control subjects was applied to the 

LWR model to yield a MOx value. Mean MOx values were calculated for each patient or 

control subject from all spectra collected. Mean MOx was used to represent each subject in 

statistical analyses.

The quality of optical spectra obtained from study patients and control subjects was 

independently evaluated by a standard chemometric Q-residual test to eliminate spectra that 

could not appropriately be analyzed with the analysis algorithm. The Q-residual test 

determines if there is sufficient similarity in character between a given spectrum and those 

used in the training set (9). MOx values from study spectra were considered to be invalid if 

the Q-residuals were greater than the 95% confidence interval of the Q-residuals in the 

training set. Patients with invalid spectra were excluded from the study.

Shock Severity

Clinical data were collected from the medical record, which included all arterial blood gases, 

hematocrits, lactates, and vital signs during the one hour period after the start of the optical 

measurements. Patient hospital length of stay (LOS), use of mechanical ventilatory support, 

duration of ICU admission, and mortality during that hospitalization were also recorded.

Shock severity at the time of study was determined based on maximum HR, minimum SBP, 

and maximum lactate during the hour subsequent to the start of optical data collection. A 

scoring system to define shock severity was derived prior to all data acquisition and is shown 

in Table 1. This simple approach was chosen over established general scoring systems in 

order to most accurately assess clinical status of the patient at the time of the MOx 

measurement. Subjects were considered to have mild shock for scores from 0–2, moderate 

for scores of 3–5, and severe if 6 or greater.

Shock severity for each patient was not known during the optical spectral acquisition; it was 

determined post hoc with values taken from the medical record. Personnel who acquired 

optical spectra were not made aware of the parameters used in the shock severity scoring 

system. Injury severity scores (ISS) (10) were calculated by hospital systems already in 

place and were subsequently collected from the medical record for each subject.

Statistical Analysis

Results are summarized as mean ± standard deviation (SD). Two-sample Student’s t-tests 

were performed using Origin (v. 9.1.0, OriginLab Corp., Northampton, MA). Receiver 

operating characteristic (ROC) curves were constructed in R (v. 2.15.1, The R Foundation 

for Statistical Computing, Vienna, Austria).

Results

Patient Characteristics

Optical spectra were acquired from 107 patients upon admission to the ED trauma 

resuscitation rooms at HMC. The reasons for exclusion from the final data analysis are 
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indicated in Figure 2. Four patients had uninterpretable spectra and 16 patients were 

excluded because of unacceptable Q-residuals from the acquired optical spectra. Seventeen 

subjects had no lactate drawn within the specified time period and one subject was 

subsequently determined to have liver failure without trauma. A total of 69 subjects 

remained for the final analysis. Subjects ranged from 9 to 91 years of age, with a mean age 

of 39.9 ± 20.5 years. There were 57 males and 12 female subjects in the final cohort.

The collection of uninterpretable spectra from four excluded patients was the result of 

operator error. Our device is a laboratory prototype and is not very user-friendly, especially 

in a chaotic trauma bay. Among the 16 excluded patients with high Q-residuals, there was no 

apparent pattern in shock severity: four were in mild shock, eight were in moderate shock, 

and four were in severe shock.

Mechanism of injury in the final cohort of patients was largely from motor vehicle 

collisions, pedestrians hit by motor vehicles, and falls. The distribution of the mechanisms of 

injury by shock severity category is shown in Table 2. Of the 69 patients, 54 were identified 

as having fractures, 36 had head or spinal injuries, 28 had associated pulmonary injuries 

including pneumothoraces or pulmonary contusions, and 17 had associated solid organ 

injuries. Eight patients did not survive to hospital discharge following their injury.

Shock Severity, Clinical Outcomes, and Clinical Measures

Of the 69 patients included in the analyses, 33 patients were classified as having mild shock, 

25 had moderate shock and 11 had severe shock, based on the clinical severity score 

described above and in Table 1. Trends in standard clinical measures and outcomes 

correlated with shock severity, as seen in Table 2. ISS increased from 22.5 ± 11.5 in the mild 

group to 24.2 ± 14.4 and 29.7 ± 8.5 in the moderate and severe groups, respectively. 

Similarly, LOS, length of ICU stay, and length of time on mechanical ventilation increased 

from mild through moderate to severe shock. The mean LOS almost tripled in severe shock 

(30.5 ± 27.8) relative to mild shock (11.3 ± 11.2). ICU length of stay and time on 

mechanical ventilation almost doubled in severe shock relative to mild.

Because they were components of the shock severity scoring system, it is not surprising that 

maximum HR and maximum lactate increased from mild through moderate to severe shock. 

Minimum SBP decreased from mild to severe shock. Accordingly, shock index, calculated 

as HR/SBP, increased from 0.70 ± 0.16 in mild shock to 1.18 ± 0.45 in moderate shock to 

1.65 ± 0.46 in severe shock. Shock index has been proposed as a reliable marker of severe 

shock, with normal values between 0.5 and 0.7 (11).

Arterial saturation by pulse oximetry (SpO2) was not a sensitive measure of shock severity. 

SpO2 was indistinguishable in mild and moderate shock (97.2 ± 3.6% and 98.1 ± 2.6%, 

respectively) and was slightly lower in severe shock (93.6 ± 6.8%).

Shock Severity and MOx

Average MOx ranged from 4.1% to 100% in all control subjects and trauma patients. In the 

healthy control group, mean MOx for the 17 subjects was 91.0 ± 5.5% (Fig. 3). Patients in 

the mild shock category had a mean MOx of 62.5 ± 26.2%, those classified as having 
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moderate shock had a mean MOx of 56.9 ± 26.9%, and mean MOx in the severe shock 

category was 31.0 ± 17.1%. Mean MOx for each of these groups was statistically different 

from the mean in the healthy control group, as were mild and moderate from severe, based 

on two-sample t-tests (p<0.05). Mean MOx for the mild and moderate shock groups were 

not statistically significantly different from each other.

There was a trend toward lower MOx values for patients who died compared with survivors 

(44.6 ± 25.2%, n = 8 vs. 56.9 ± 27.4%, n = 61), for those who required ICU care compared 

with those who did not (54.5 ± 27.8%, n = 62 vs. 64.1 ± 21.8%, n = 7), and for those who 

received mechanical ventilator support compared with those that did not (53.5 ± 27.7%, n = 

52 vs. 61.3 ± 25.7%, n = 17). None of these differences reached statistical significance in 

this small patient sample.

ROC curves were constructed to compare MOx measured in control subjects with MOx 

measured in all trauma patients together and in each individual shock severity group (Fig. 

4A). MOx accurately predicted the presence of shock of all degrees (mild, moderate, and 

severe) with an area under the curve (AUC) of 0.857. MOx identified the presence of shock 

perfectly in the severe group (AUC = 1.000) and did very well in the moderate shock group 

(AUC = 0.892). In the mild shock group, MOx was a good indicator of the presence of 

shock with an AUC of 0.782.

Although not the primary goal of this study, one patient had continuous measurement of 

MOx during a period of time involving active resuscitation for hypotension. Figure 5 shows 

the time course of the MOx measurement for a 77-year-old male suffering from shock due to 

trauma resulting from a fall from a ladder, including concussion, facial fracture, and arm and 

hip contusions. This patient received two boluses of saline in quick succession for low blood 

pressure with intermittent measurement of mean arterial pressure (MAP). MAP showed 

significant improvement several minutes after the start of the second fluid bolus. MOx 

responded immediately to the first fluid bolus, but then dropped precipitously to a low value 

of ~28%. MOx increased back to normal levels in response to the second fluid bolus. 

Arterial saturation remained above 95% during this same time period.

Shock Severity and Shock Index

Shock index in healthy controls was 0.60 ±0.11. ROC curves were constructed to compare 

shock index in control subjects with shock index in all trauma patients together and in each 

individual shock severity group (Fig. 4B). Taking shock of all degrees together (mild, 

moderate, and severe), shock index identified the presence of shock well with an AUC of 

0.828. Shock index perfectly identified the presence of shock in the severe group (AUC = 

1.000) and was exceptional in the moderate group (AUC = 0.960). Shock index was not as 

successful as MOx at identifying shock in the mild group (AUC = 0.671).

Discussion

In this pilot study, MOx was a sensitive indicator of the presence of shock in trauma 

patients. Trauma patients were studied upon admission to the ED trauma resuscitation rooms 

of a Level I regional trauma center. Because MOx could distinguish patients in mild, 
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moderate, and severe shock (defined by degrees of tachycardia, hypotension, and lactate 

levels as in Table 1), these preliminary results indicate the potential of noninvasive MOx 

measurement to be an effective triage tool and to aid in the assessment of a patient’s 

response to therapy.

All patients in our study were considered to have some degree of shock, as defined in Table 

1. Trauma patients with injuries not serious enough to be admitted into the trauma 

resuscitation rooms were not included in the study. Also, 17 patients from whom spectra 

were acquired were excluded from the final analysis because no lactate was drawn within 

the first hour and shock severity could not be determined (Fig. 2). It is likely that exclusion 

of patients without an early lactate skewed our “mild” shock category toward the more 

severely injured side of a patient group with only slightly abnormal vital signs and lactates. 

Finally, many of the patients in our study received pre-hospital resuscitation, most 

commonly intravenous fluids. Pre-hospital treatment may have normalized HR and SBP 

somewhat, giving patients with significant injuries a low shock score (Table 1) upon 

admission to a trauma resuscitation room.

MOx proved to be sensitive to shock, from mild to severe (Fig. 3) in this pilot study. MOx 

has the potential to identify and stratify hemorrhagic shock because it is a direct indicator of 

tissue perfusion. Hemoglobin within arterioles, capillaries, and venules and myoglobin 

within muscle cells all contribute to the MOx measurement. MOx is a measure of the 

balance of oxygen supply and demand within muscle cells.

Shock index has been shown to be correlated retrospectively to LOS, length of ICU stay 

(12), mortality (12, 13), the need for massive blood transfusion (14) and the presence of 

severe septic shock (11). Figs. 4A and 4B show ROC analyses that compare the ability of 

MOx and shock index, respectively, to identify shock in general and to predict shock 

severity. The scoring system shown in Table 1 to classify shock severity was used in both 

sets of analyses; the same patients were classified as mild, moderate, and severe in Figs. 4A 

and 4B. MOx and shock index had comparable abilities to identify shock in general, with 

AUCs of 0.857 and 0.828, respectively. Shock index was very effective in identifying 

moderate and severe shock with AUCs ≥ 0.96 in these two groups. However, MOx was 

substantially better at identifying mild shock (AUC = 0.782) compared to shock index (AUC 

= 0.671).

MOx has potential value in identifying patients in mild shock who may otherwise be missed. 

The noninvasive nature of the MOx measurement will facilitate frequent patient 

assessments. A study of patients with initial normal vital signs demonstrated the importance 

of frequent evaluation in ED patients. Clinical deterioration in the first 24 hr was found to be 

associated with a mortality rate that was four times higher than in non-deteriorating patients 

(15).

Rapid and continuous MOx measurement may help to improve the timeliness of triage 

decisions. The goals of fluid resuscitation and blood transfusion are to maintain or improve 

tissue perfusion. Since excessive fluid resuscitation (16–18) and blood transfusion (19, 20) 

can be harmful, a direct measure of tissue perfusion, such as MOx, may help to determine 
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when resuscitation is adequate. Figure 5 indicates the potential value of continuous MOx 

measurement during fluid resuscitation. Early in the time course, the patient was 

deteriorating with decreasing MOx and a low MAP. After two fluid boluses, the patient’s 

MOx was stable with improved MAP. Stable, high MOx values suggest that sufficient 

treatment had been administered to normalize tissue oxygenation.

In contrast to MOx, SpO2 did not distinguish patients in mild and moderate shock (Table 2). 

Abnormally low SpO2 was measured in some, but not all, of the patients in severe shock. 

Occult hypoperfusion (hypoperfusion in the presence of normal vital signs) is one of the 

more dangerous developments in trauma patients with normal vital signs and SpO2. Patients 

with occult hypoperfusion have increased LOS (21), and early identification and correction 

of occult hypoperfusion improves survival (22). With sensitivity to even mild shock, low 

MOx in the presence of normal vital signs may theoretically be able to signal occult 

hypoperfusion in trauma patients.

Tissue oxygenation has been of interest for several years as a means for assessing adequacy 

of the cardiovascular system (23–26). Several devices have been developed based on NIRS. 

Traditional NIRS has been used in trauma patients to measure tissue oxygen saturation 

(StO2) with a commercially available device. NIRS has limited value as a triage tool because 

it is not sensitive enough to identify mild or moderate hypovolemic shock (27). A recent 

large (n = 490) study of StO2 in trauma patients demonstrated an average difference in StO2 

of only 3% between survivors and patients who died (82% vs. 79%) (28), a very small 

difference from a clinical perspective. In the present pilot study, although the difference did 

not reach statistical significance due to the small study size, the mean difference between 

survivors and those that died was 12% (57% vs. 45%). Future studies of MOx are needed to 

confirm this observed trend.

Our approach to measure MOx using optical spectroscopy differs substantially from 

traditional NIRS. In contrast to measuring 2–6 discrete wavelengths in the NIR region as 

traditional NIRS does, we measure and analyze full spectra in the visible and NIR regions. 

Our device uses a sculpted illuminating light to optimize the signal-to-noise ratio in our 

system. The large information content associated with full spectra, as opposed to the sparse 

information provided by a few wavelengths, allows accurate and sensitive MOx 

measurements from subjects with a wide variety of BMI and skin tones (8).

In this first clinical study with our laboratory prototype device, the exclusion of 16 patients 

on the basis of high Q-residuals suggested that improvements are needed to our approach. 

Spectra have high Q-residuals if there is a mismatch between the shapes of their spectra 

compared to the shapes of spectra in the training set. Interestingly, 12 of the 16 patients with 

high Q-residuals were outside of the age range of the healthy group who contributed training 

set spectra to the LWR model. At the extremes, four were 3–15 years old and four were 73–

83 years old. It is likely that the small hand sizes of the young children made it difficult to 

collect spectra of adequate quality. In elderly patients, decreased muscle mass may have 

caused the ratio of muscle to bone in the tissue underlying the optical probe to be smaller 

from that ratio in the younger, healthy population that contributed spectra to the LWR 

model. The different tissue compositions may have caused spectra from elderly patients to 
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be dissimilar to spectra from younger adults. These observations suggest that ultimately, 

training set spectra should be collected from subjects with a wide age range to accurately 

measure MOx in all patients.

Our study has several limitations. Because of the small sample size, data in the different 

shock categories had large standard deviations. While there was a trend that indicated that a 

higher mortality rate was correlated with lower MOx, the sample size was too small to show 

statistical significance. Second, we devised the shock grading system to represent a 

combination of HR, SBP, and lactate. Since the scoring system is not a standard one, our 

data may not be easily compared to data from other studies. Thirdly, blood sampling for 

lactate levels that contributed to the shock severity score was done up to an hour after optical 

spectra were acquired. We could not control the timing of the blood sampling. As lactate is a 

metabolic response to hypoperfusion, we presumed that lactates acquired within an hour of 

spectral acquisition were relevant to shock severity at the time of spectral acquisition. 

However, the mismatch in timing is a limitation of the study. Lastly, because our equipment 

is currently in early development and is not particularly user-friendly, it was only possible to 

make initial MOx measurements of trauma patients upon presentation in the ED trauma 

resuscitation rooms. We did not attempt to measure MOx as treatment progressed in each 

patient and we did not study the ability of MOx to guide resuscitation.

Conclusions

The results obtained from this study demonstrate that MOx correlated with clinical status at 

admission to the ED trauma resuscitation room in a population of trauma patients. This 

measurement of MOx holds promise to identify patients early in the development of shock, 

which may be particularly useful in trauma patients. Future work with a more clinically 

compatible version of this technology will be directed toward continuous monitoring. Larger 

studies using MOx will be needed in the future to determine the value of MOx as a triage 

tool and as a monitor of tissue perfusion during treatment.
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Figure 1. 
Prototype device to measure muscle oxygenation. A, Spectrometer; B, CCD camera; C, LED 

light source; D, computer; E, fiber optic probe. The probe is connected to the spectrometer 

and the light source via two discrete fiber bundles and is placed on the back of the hand 

during spectral acquisition.
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Figure 2. 
Patient enrollment. Muscle oxygenation (MOx) was measured from spectra acquired from 

trauma patients. Q-residuals measure the similarity between patient spectra and the spectra 

used to train the algorithm that measures MOx. High Q-residuals (> 95% confidence 

interval) indicate a level of dissimilarity that renders MOx measurements invalid.
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Figure 3. 
Mean MOx in the healthy control group and in the three shock severity groups. In all shock 

groups, mean MOx was statistically lower than in the healthy control group (*, p<0.05).
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Figure 4. 
Receiver operating characteristic curves comparing MOx values and shock index values 

measured in healthy control subjects and trauma patients. Based on measurements of heart 

rate, systolic blood pressure, and lactate made within an hour of spectral acquisition, patients 

were categorized into shock severity groups of mild, moderate, and severe (Table 1). A) 

When all trauma patients were included in the test group (mild, moderate, and severe shock 

groups = ‘All Shock’), MOx identified the presence of shock well, with an area under the 

curve (AUC) of 0.857. MOx identified shock in the severe and moderate groups very well, 

and had considerable success with the identification of mild shock. B) The ability of shock 

index to identify shock in general (‘All Shock’) was comparable to that of MOx. Shock 

index successfully identified severe and moderate shock, but was not as successful as MOx 

at identifying mild shock.
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Figure 5. 
MOx during active resuscitation. MOx decreased prior to administration of a fluid bolus, 

and rapidly improved following fluid administration. MOx returned to the normal range after 

the second bolus. The patient’s mean arterial blood pressure (MAP) also improved following 

the fluid administration. Arterial oxygen saturation (SpO2) measured by pulse oximetry did 

not change appreciably.
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Table 2

Demographics and Physiologic Parameters of Shock Groups

Mild
(n = 33)

Moderate
(n = 25)

Severe
(n = 11)

Sex

 Male (%) 27 (81.8) 20 (80.0) 10 (90.9)

 Female (%) 6 (18.2) 5 (20.0) 1 (9.1)

Age (yr) 40.4 ± 22.4 42.8 ± 18.1 31.6 ± 18.1

Primary Diagnosis

 Motor Vehicle Collision (%) 11 (33.3) 9 (36.0) 3 (27.3)

 Fall (%) 4 (12.1) 6 (24.0) 1 (9.1)

 Car vs. Pedestrian, Bicycle, or Skateboard (%) 9 (27.3) 2 (8.0) 3 (27.3)

 Gun Shot Wound (%) 0 4 (16.0) 1 (9.1)

 Bicycle or Skateboard Accident (%) 4 (12.1) 1 (4.0) 0

 ATV Accident (%) 1 (3.1) 1 (4.0) 1 (9.1)

 Other (%) 4 (12.1) 2 (8.0) 2 (18.1)

ISS 22.5 ± 11.5 24.2 ± 14.4 29.7 ± 8.5*

Disposition

 OR (%) 5 (15.2) 9 (36.0) 6 (54.5)

 ICU (%) 20 (60.6) 13 (52.0) 4 (36.4)

 Floor (%) 4 (12.1) 0 0

 Died in OR/ICU (%) 4 (12.1) 3 (12.0) 1 (9.1)

Hospital Length of Stay (days) 11.3 ± 11.2 16.9 ± 20.7 30.5 ± 27.8*

ICU Length of Stay (days) 5.3 ± 9.5 8.4 ± 10.4 9.4 ± 6.3

Time on Mechanical Ventilation (days) 3.4 ± 8.1 5.0 ± 6.0 6.4 ± 5.9

Maximum HR (bpm) 84.9 ± 17.9 110.5 ± 28.9* 123.9 ± 23.0*

Minimum SBP (mm Hg) 123.4 ± 15.8 103.6 ± 27.0* 78.9 ± 20.0*

Maximum Lactate (mmol/L) 1.5 ± 0.7 3.4 ± 1.6* 5.0 ± 3.3*

Shock Index 0.70 ± 0.16 1.18 ± 0.45* 1.65 ± 0.46*

Minimum SpO2 (%) 97.2 ± 3.6 98.1 ± 2.6 93.6 ± 6.8*

MOx (%) 62.5 ± 26.2 56.9 ± 26.9 31.0 ± 17.1*

*
Significantly different from mild group, p < 0.05.

ATV, all-terrain vehicle; ISS, Injury Severity Score; OR, operating room; ICU, intensive care unit; HR, heart rate; SBP, systolic blood pressure; 
SpO2, arterial saturation by pulse oximetry; MOx, muscle oxygenation

Shock. Author manuscript; available in PMC 2018 May 01.


	Abstract
	Introduction
	Materials and Methods
	Patients
	Optical System and Data Acquisition
	Shock Severity
	Statistical Analysis

	Results
	Patient Characteristics
	Shock Severity, Clinical Outcomes, and Clinical Measures
	Shock Severity and MOx
	Shock Severity and Shock Index

	Discussion
	Conclusions
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2

