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ABSTRACT

Objective: Early assessment of the clinical status of trauma
patients is crucial for guiding the treatment strategy, and it
requires a rapid and systematic approach. The aim of this
report is to critically review the assessment parameters currently
used in the prehospital setting to quantify blood loss in trauma.
Data Sources: Studies regarding hemorrhagic shock in
trauma were pooled from PubMed, EMBASE, and Cochrane
databases using key words such as “hemorrhagic shock,”
“vital signs evaluation,” “trauma,” “blood loss,” and
“emergency medical service,” alone or combined.

Study Selection: Articles published since 2009 in English
and ltalian were considered eligible if containing data on
assessment parameters in blood loss in adults.

orldwide, trauma is the leading cause of death

and disability in patients younger than 40 years,

and it accounts for approximately 8% of all deaths,

causing an enormous socioeconomic impact with

regard to the costs of treatment and rehabilita-
tion (World Health Organization, 2021). Hemorrhage is
among the main causes of death in trauma, which can be
exacerbated by inaccurate recognition or delayed treat-
ment (Dunham, Sartorius, Laing, Bruce, & Clarke, 2017,
Lui et al., 2018). Hemorrhagic shock pathophysiology and
compensatory mechanisms contribute to the masking of
signs of clinical deterioration. Thus, knowledge of under-
lying pathophysiology assists the clinician’s interpretation
of assessment parameters.

PATHOPHYSIOLOGY OF HEMORRHAGE

Massive brisk intravascular volume loss leads to hemo-
dynamic instability, decreased oxygen delivery, reduced
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Data Extraction: Sixteen articles matching the inclusion
criteria were considered in our study.

Data Synthesis: Current prehospital assessment measures
lack precise correlation with blood loss.

Conclusions: Traditional assessment parameters such as
heart rate, systolic blood pressure, shock index, and Glasgow
Coma Scale score often lag in providing accurate blood loss
assessment. The current literature supports the need for a
noninvasive, continuously monitored assessment parameter
to identify early shock in the prehospital setting.

Key Words

Blood loss, Emergency, Exsanguination, Hemorrhagic shock,
Prehospital care, Quantitative measures, Trauma

tissue perfusion, cellular hypoxia, organ damage, and
death. A significant loss in circulating blood volume can
depress cardiac output hence reducing organ perfusion
pressure. A decrease in arterial pressure stimulates sym-
pathetic nerve activity. Catecholamines, antidiuretic hor-
mone, and atrial natriuretic receptors induce vasoconstric-
tion of arterioles and muscular arteries, increasing vascular
resistance leading to a compensatory elevation in arterial
pressure. With the depletion of intravascular volume and
the reduced oxygen availability in the tissues, mitochon-
dria are no longer able to sustain aerobic metabolism for
energy production and switch to anaerobic metabolism.
In aerobic conditions, systemic oxygen utilization is pro-
portional to the metabolic rate, and it varies according
to the body’s needs. During the shock, prostaglandins,
adenosine, and nitric oxide tend to lower vascular resist-
ance leading to hypoxic redistribution of blood flow to all
organs. Under these conditions, a failure of the protonic
pumps and the alteration of ion transport lead to a loss of
the membrane integrity, depletion of cellular energy, aci-
dosis, and loss of adenine nucleotides from the cell. This
mechanism should maintain the perfusion pressure by in-
creasing cardiac output. As a result of hypovolemia and
tissue hypoxia, the ventilation increases (tachypnea) to
compensate for the metabolic acidosis caused by carbon
dioxide production. The decrease of blood flow to the
renal and splanchnic vasculature contributes to a further
drop of the systolic blood pressure (SBP) (Cannon, 2018;
Convertino, Wirt, Glenn, & Lein, 2016).
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Vital Signs Classification of Hemorrhagic Shock Based on Advanced Trauma Life

Support
Shock Class Group 4
HR (BPM) <100 100-119 120-139 >140
SBP (mm Hg) >110 100-109 90-99 <90
GCS 15 12-14 <12
Note. BPM = beats per minute; GCS = Glasgow Coma Scale; HR = heart rate; mmHg = millimeters of mercury; SBP = systolic blood pressure.

Prehospital assessment of hemorrhage is important
because it is potentially the most critical time to detect
and intervene with damage control measures. The first
approach to the trauma patient occurs with assessment
of the mechanism of injury to identify potential patterns
of injury (Cardi et al., 2019; Frank et al., 2010). Time is
crucial in trauma. Prehospital care is prioritized with life-
saving scene management and prompt transport to the
most appropriate facility, often characterized as occurring
within the “golden hour’ (Wyen et al., 2013).

Blood loss estimation is notoriously challenging and
consistently reported as unreliable (Ashburn, Harrison,
Ham, & Strote, 2012). Hemorrhage classification systems
help clinicians rapidly and systematically focus assess-
ment of the bleeding patient. The most commonly taught
hemorrhagic shock classification is from Advanced Trau-
ma Life Support (ATLS); see Table 1 (American College
of Surgeons Committee on Trauma, 2021). However, evi-
dence challenges the accuracy of the ATLS shock classifi-
cation (Guly et al., 2011; Mutschler, Nienaber, Brockamp,
et al., 2013; Mutschler, Nienaber, et al., 2014; Mutschler,
Paffrath, et al., 2014; Reisner et al., 2018). The ATLS clas-
sification is based on average or standardized responses
of static variables maintained by the body’s mechanisms
to compensate for blood loss. However, not all patients
compensate equally. What is needed is an individualized
and continuous assessment of the patient’s progression
toward shock that considers the patient’s total degree of
compensation to identify those patients deteriorating into
early shock. Prehospital estimation of blood loss is cru-
cial, yet tools to predict blood loss and need for transfu-
sion are often time-consuming and impractical in the pre-
hospital setting (Olaussen, Blackburn, Mitra, & Fitzgerald,
2014; Van Sickle et al., 2013). Prompt shock recognition is
essential to apply damage control resuscitation to reverse
the conditions that exacerbate hemorrhage (Tonglet, Mi-
non, Seidel, Poplavsky, & Vergnion, 2014).

OBJECTIVE

The aim of this study is to critically review the assessment
parameters currently used in the prehospital setting to
quantify blood loss in trauma.
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METHODS

A systematic search was performed of the PubMed, EM-
BASE, and Cochrane databases using the key words “hem-
orrhagic shock,” “vital signs scale evaluation,” “trauma,”
“blood loss,” and “emergency medical service,” alone or
embedded. All articles published since 2009 matching
with the search terms were analyzed. Only those stud-
ies concerning the adult trauma population and written
in English or Ttalian were considered. References of the
included studies were analyzed to find additional relevant
articles. Articles were considered eligible if containing
data on assessment parameters and blood loss in trau-
ma patients undergoing hypovolemic shock. Titles and
abstracts underwent a double-blinded evaluation to select
articles for full-text reading. A senior researcher acted as
supervisor in case of discordance. A final selection of arti-
cles was provided and underwent full text reading.

RESULTS

A total of 16 articles were included in the study, which
identified five assessment measures used for prehospital
estimation of blood loss. The measures include heart rate
(HR), SBP, Shock Index (SD), Glasgow Coma Scale (GCS)
score, and visual estimation of blood loss (see Table 2).

» o«

Patient Characteristics

Other factors can also influence the accuracy of data pro-
vided by assessment measures. Among them, the most
important in altering clinical values are those depend-
ing on patient characteristics and treatment, such as the
following:

e Age: Patients older than 55 years with normal vital
signs cannot rule out impending shock. An HR
greater than 100 and SBP of 100-110 may represent
hypoperfusion (Heffernan et al., 2010), and the
SI can increase from 0.79 to 0.81 (Zarzaur, Croce,
Fischer, Magnotti, & Fabian, 2008)

e Comorbidities: Neurological,
autoimmune

e Medications: B-blockers or neurological drugs can
underestimate the shock

cardiovascular,
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TABLE? Analysis of Available Measures

Authors Scale Parameters

Author Opinion

Reisner et al. (2018) ATLS HR, SBP, BL Changes appear to be subtle

Guly et al. (2011)

Mutschler et al. (2013) | SI (HR/SBP) | 4 classes: S| = 1 good parameter to predict $mortality and 1 bt
Pacagnella et al. (2013) I: =0.6

Van Sickle et al. (2013) ll: =0.6 to =1

Pandit et al. (2014) ll: =1to <14

Olaussen et al. (2014) V: =1.4

Merlin et al. (2009) MAR method | Clenched fist = 20-ml blood | Improves accuracy and precision

Sl = Shock Index.

Note. ATLS = Advanced Trauma Life Support; BL = blood loss; bt = blood unit; HR = heart rate transfusions; SBP = systolic blood pressure;

e Lifestyle: Fit and active patients with physiological
bradycardia achieve HR compensation values of up
to 80-90 bpm

e Pregnancy: May lead to an underestimation of the
bleeding due to the physiological changes

e Fluids: Prehospital administration of 1L of fluids shifts
the SI cutoff values to 1.0 and greater (1.1 [SD =
0.6] vs. 0.7 [SD = 0.2], p > .001; Mitra, Fitzgerald, &
Chan, 2013).

Assessment Parameters

HR and SBP

The inverse relationship of HR to SBP is commonly as-
sumed to occur in hemorrhage and commonly taught
to providers to assess, yet it does not consistently occur
among bleeding patients (Pacagnella et al., 2013). Using
standardized vital sign norms does not distinguish those
patients who can compensate well versus those who can-
not, leading to delayed identification of shock progres-
sion. Mounting evidence challenge the dogma that vital
signs changes can identify early blood loss.

Mizushima, Ueno, Watanabe, Ishikawa, and Matsuoka
(2011) retrospectively analyzed a large database of trau-
ma patients with base deficit and lactate levels indicat-
ing hemorrhage; a normal HR was a predictor of poor
prognosis. Heart rate is nonspecific to blood loss and
influenced by other factors such as age, pain, tempera-
ture, and medications, and thus cannot be considered a
reliable parameter. Indeed, bradycardia or normal HR is
reported to be more common in hemorrhage than ex-
pected. Ley, Salim, Kohanzadeh, Mirocha, and Margulies
(2009) found the incidence of relative bradycardia in 44%
of all hypotensive trauma patients on a large data set of
more than 130,000 patients. They also found that brady-
cardia is an indicator of higher mortality.
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Similar results were reported by Riordan, Norris,
Jenkins, and Morris (2009) in a study of 2,178 trauma
patients admitted to the intensive care unit, in which
reduced HR was associated with worsening prognosis
and higher mortality, especially in patients with isolated
head injury or penetrating trauma. Guly et al. (2011), in
a study of blunt and penetrating trauma, demonstrated
an average HR and blood pressure (in patients with
blood loss of >40% of the volume) lower than the values
reported in the ATLS classification for the same hypov-
olemia (Class 4).

Moreover, a varied correlation between vital signs and
actual blood loss was highlighted by Reisner et al. (2018).
Their retrospective comparative analysis studied HR
changes in adult trauma with hemorrhage during either
prehospital or emergency department care. Hemorrhage
patients were divided into two groups, those with a nor-
mal HR and those with tachycardia. They demonstrated
that some trauma patients with hemorrhage are continu-
ously tachycardic whereas others have a normal HR. For
both cohorts, hypotension developed within 30 min with-
out any consistent increase in HR. Tachycardia was not
specific for hemorrhage.

Shock Index

Shock index, defined as the HR divided by SBP with val-
ues of 1 or more considered abnormal, is another pa-
rameter used to assess blood loss. Shock index is gaining
favor as a predictor for transfusion or prognostic factor
in major trauma (Mutschler, Nienaber, Brockamp, et al.,
2013; Pandit et al., 2014). Olaussen et al. (2014) demon-
strated the SI's effectiveness in identifying severe bleed-
ing in the prehospital setting. However, this observa-
tion was not confirmed by Van Sickle et al. (2013), who
found that SI indicated hypovolemia only in the advanced
stages of reduced central blood volume; moreover, they
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established that this index was not able to estimate the
blood volume loss or to establish the patient’s residual
compensation capacity. The main limit of this study was
the small sample size of 15 patients.

Glasgow Coma Scale

According to the ATLS classification, GCS, together with
SBP and HR, is considered one of the parameters evalu-
ated in the prehospital setting and on admission to rule out
hemorrhagic shock. The descriptors slightly anxious and
mildly anxious were considered a GCS score of 15, where-
as anxious or confused was considered a GCS score of
12-14 and confused or lethargic as GCS score of less than
12. Changes in the GCS are considered reliable indicators
of hemorrhagic shock for some authors (Vishwanathan,
Chhajwani, Gupta, & Vaishya, 2020). Some reports found
a correlation between hypotension and GCS reduction for
patients with injury severity score of more than 15 (Guly
et al., 2011), whereas other studies with larger data sets
find a lack of a clear correlation between GCS and changes
in SBP and HR as well as the onset and progression of
hypotension (Mutschler, Nienaber, Munzberg, et al., 2013).
Furthermore, prehospital GCS could be influenced by pre-
hospital intubation, whose rates vary across providers.

Visual Estimation of Blood Loss
Analysis of large data sets suggests a correlation between
the volume of red blood cell loss and the blood prod-
ucts needed to reestablish hemodynamic balance. High
severity bleeding (>15% of circulating blood volume) in
trauma leads to an average of 610 units of blood trans-
fused per patient in 24 hr, especially for those who expe-
rience hypotension and tachycardia (Reisner et al., 2018;
Weeber, Hunter, Van Hoving, & Lategan, 2018). Even
from these studies, inaccurate evaluation of the blood loss
emerges; for values less than 300 ml, there was a tenden-
cy to overestimate the quantity, whereas for volumes be-
tween 400 ml and 1,500 ml, there was an underestimation
(Patton, Funk, Mcerlean, & Bartfield, 2001). This study
found that emergency medical service personnel were
unable or strongly inaccurate in estimating blood loss.

Similar results were reported by Frank et al. (2010),
who used a prospective blinded, observational design
and asked the participants to visually estimate the amount
of blood loss in six simulated trauma scenarios. Both
paramedics and emergency physicians overestimated
the amount of blood loss when the assessment param-
eters showed instability (low blood pressure, high HR).
Small volumes were overestimated for both stable and
unstable patients, whereas higher volumes tended to be
underestimated.

The accuracy of blood loss evaluation was not influ-
enced by profession (emergency physician or paramed-
ic), gender, or experience level. Ashburn et al. (2012)

JOURNAL OF TRAUMA NURSING

demonstrated that such estimates could be misleading
if used in clinical decision making. Williams and Boyle
(2007) described the inaccuracy of blood loss estima-
tion given by undergraduate paramedic students for both
absorbent and impermeable surfaces. Finally, Phillips,
Friberg, Lantz Cronqyvist, Jonson, and Prytz (2020) inves-
tigated the ability of laypeople to assess blood loss and
also found overestimation of small volumes (from 50 to
200 ml) and underestimation of large volumes (from 400
to 1,900 ml). Moreover, the underestimation was more
common for female victims than for male victims.

One novel study sought to identify a comparable esti-
mate of blood loss using the size of a clenched fist (Merlin,
Alter, Raffel, & Pryor, 2009). Called the MAR method, a
clenched fist was found to approximate roughly 20 ml of
blood loss. Merlin et al. (2009) performed an unblinded
crossover trial of 74 health care professionals’ estimation
of blood loss in two scenarios (75 ml and 750 mD. A com-
parison before and after a 1-min education session on the
MAR method demonstrated significantly improved blood
loss estimation.

DISCUSSION

Humans compensate for blood loss through a cascade
of physiologic responses, contributing to unrecognized
hemorrhagic shock. Our review finds a lack of reliable
assessment measures to identify early blood loss in the
prehospital setting. Although advances in trauma tech-
nology, practice, and guidelines continuously update, the
prehospital ability to assess hemorrhage has not changed
for decades. Accurate estimation of blood loss in trauma
is paramount, yet neither medical personnel nor para-
medics are instructed how to estimate blood volume loss
and have no specific measure to assess it. The corner-
stone of hemorrhagic trauma management is the rees-
tablishment of hemodynamic stability by controlling the
source of bleeding and reintegrating the volume loss with
balanced transfusions, all of which begin with prehospital
recognition of blood loss.

Future Directions
Emerging research explores new technology that may
help with prehospital hemorrhage recognition.

Ultrasound

The role of ultrasound-focused assessment with sonog-
raphy in trauma is emerging as a tool for the prehospital
environment and holds promise (Kalkwarf, Goodman,
Press, Wade, & Cotton, 2021; Pietersen et al., 2021). Its
role is operator-dependent, and it has some limitations,
such as difficulties in exploring some deep regions and
poor detection of some organ injuries depending on the
patients’ habitus (Miele et al., 2016). Therefore, a nega-
tive examination does not rule out injuries and must be
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verified by a computed tomographic scan (Stengel et al.,
2018). However, it has several advantages, such as port-
ability, speed, and the lack of ionizing radiation exposure.

End-tidal Carbon Dioxide

End-tidal carbon dioxide (ETCO,) is the measurement of
alveolar carbon dioxide concentration at end-expiration.
It is measured noninvasively either in the ventilator circuit
of intubated patients or with specialized nasal cannulas in
nonintubated patients. End-tidal carbon dioxide is widely
available across emergency medical services agencies and
holds promise as prehospital levels have been shown to
correlate with mortality and the need for massive transfu-
sion or early death (Campion et al., 2020).

Compensatory Reserve Measurement

There is ongoing military research to develop wearable
sensors to measure a patient’s compensatory reserve
defined as a composite or sum total of the patient’s in-
dividual compensatory responses (tachycardia, vaso-
constriction, breathing) to hemorrhage using real-time
measurement of arterial waveforms. The measurement of
a patient’s compensatory reserve is more sensitive and
specific in monitoring physiological status than other
measures, including HR variability and HR complexity,
and hold promise as a future shock measure as technol-
ogy advances (Convertino et al., 2016; Convertino et al.,
2020 Schlotman et al., 2020).

Limitations

Our review has some limitations. First is the limited num-
ber of articles that address the correlation between assess-
ment parameters and blood loss or the classification or
quantification of blood loss in a standardized and precise
manner. Only one of 16 articles provided a method for
estimating blood loss. Most of the articles were retrospec-
tive; the data were often incomplete or did not take into
account the hospital treatment; only six out of 16 articles
examined the visual estimation of the blood losses by
the health care staff (prehospital and hospital setting); the
majority of these articles used a blood-like product, which
lacked all its typical characteristics (coagulation, viscosity,
etc.) to simulate the scenario; and finally, out of 16 arti-
cles, only seven used simulation scenarios.

CONCLUSIONS

Available parameters to assess early blood loss in the
prehospital setting are insensitive and nonspecific. Blood
loss assessment is restricted by use of legacy vital signs
that remain unchanged during the compensatory stage
of shock. The correlation between changes in vital signs
and early hemorrhage is highly variable and dependent
on interindividual responses. Using static standardized
vital sign norms does little to identify the patient early
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in compensated shock. Future research aims to validate
an easy, precise, and individualized continuous assess-
ment tool for estimating blood loss in the prehospital
setting. Research on wearable or catheter-based systems
holds promise to assess blood volume status in the future
(Convertino et al., 2020; Zia, Kimball, Rolfes, Hahn, &
Inan, 2020).

KEY POINTS

e Prehospital assessment measures for hemorrhage have
largely remained unchanged for decades.

e Available parameters to assess early blood loss in the
prehospital setting are insensitive and nonspecific.

e The literature supports the need for a noninvasive,
continuously monitored assessment parameter that
incorporates individualized patient compensatory changes
to detect early hemorrhagic shock in the prehospital setting.
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