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Abstract

Background: Trauma-induced hypocalcemia is an underappreciated complication

of severe injury but is well known to result in the derangement of an array of physi-

ological regulatory mechanisms. Existing literature provides a compelling link

between hypocalcemia and worse trauma-induced coagulopathy and increased

mortality after injury.

Study Design and Methods: This narrative review evaluates available data

related to the risk factors, mechanisms, and treatment of hypocalcemia after

severe injury. The authors did not perform a systemic review or meta-analysis.

Results and Discussion: The interplay of acidosis, hypothermia, and

coagulopathy with hypocalcemia potentiates the bloody vicious cycle of hem-

orrhagic shock which has been the paradigm of trauma resuscitation for over

half a century. However, current screening and treatment of postinjury hypo-

calcemia are relegated to a secondary consideration in trauma resuscitation.

We conclude calcium supplementation should be a primary tier intervention

for life-threatening injury.
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1 | INTRODUCTION

Calcium is a divalent cation with a molecular weight of
40 g/mol. It is the fifth most abundant element in the
body and is essential for a wide range of physiological
functions including blood clotting, myocardial contractil-
ity, skeletal muscle contraction, vascular tone, bone min-
eralization, and signal transduction in a variety of cells.1,2

Over 99% of body calcium stores are found in the bone,
mostly as calcium-phosphate complexes. Calcium in bone
provides skeletal strength, but it also serves as a dynamic
sink, which can be tapped by the body to regulate the
concentrations of intra- and extracellular calcium.2 Of
the 1% of non-skeletal calcium, about 10% is extracellu-
lar. Serum Ca exists in 3 forms: free ions (!50%) protein-
bound (!40%), and complexed or chelated (!10%). Only

ionized calcium (iCa) is biologically active and its levels
are tightly regulated via parathyroid hormone and calci-
tonin, with a normal concentration of 1.1–1.3 mmol/L.2,3

However, in states of severe injury and critical illness this
regulation can breakdown, leading to hypocalcemia.4

Paradoxically, prolonged critical illness can lead to
tertiary hyperparathyroidism, resulting in hypercalcemia-
induced bradycardia.5

2 | EPIDEMIOLOGY OF
POSTINJURY HYPOCALCEMIA

Hypocalcemia is common after trauma,6–8 although
reported incidence varies due to heterogeneous
study populations and definitions of hypocalcemia.
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TABLE 1. Cohort and injury descriptors of patient population collectively and per admit year

Year # of patients Age, years‡ Male AA race White race Penetrating injury NISS‡ ED SBP‡

2008 56 (6.8) 25 (18–38) 51 (91.1) 45 (80.4) 8 (14.3) 42 (75.0) 34 (25–48) 98 (80–122)
2009 66 (8.0) 32 (24–46) 62 (93.9) 45 (68.2) 13 (19.7) 51 (77.3) 28 (24–48) 107 (78–122)
2010 59 (7.2) 28 (22–38) 55 (93.2) 45 (76.3) 9 (15.3) 49 (83.1) 27 (22–41) 104 (84–122)
2011 59 (7.2) 27 (22–39) 51 (86.4) 43 (72.9) 12 (20.3) 44 (74.6) 41 (27–51) 101 (74–119)
2012 55 (6.7) 29 (21–36) 52 (94.5) 42 (76.4) 9 (16.4) 42 (76.4) 38 (27–50) 121 (84–132)
2013 47 (5.7) 33 (22–49) 42 (89.4) 29 (61.7) 16 (34.0) 29 (61.7) 34 (25–43) 107 (90–121)
2014 65 (7.9) 26 (21–44) 52 (80.0) 47 (72.3) 16 (24.6) 46 (70.8) 32 (25–40) 116 (91–131)
2015 63 (7.6) 31 (23–40) 51 (81.0) 49 (77.8) 14 (22.2) 44 (69.8) 27 (19–35) 102 (70–123)
2016 53 (6.4) 36 (25–54) 44 (83.0) 33 (62.3) 16 (30.2) 35 (66.0) 34 (27–44) 104 (64–132)
2017 89 (10.8) 34 (26–47) 72 (80.9) 61 (68.5) 19 (21.3) 53 (59.6) 29 (22–40) 104 (77–126)
2018 110 (13.3) 33 (22–49) 91 (82.7) 71 (64.5) 33 (30.0) 67 (60.9) 29 (22–43) 98 (68–123)
2019 102 (12.4) 32 (22–47) 86 (84.3) 68 (66.7) 30 (29.4) 59 (57.8) 29 (22–41) 95 (70–117)
Total 824 (100) 31 (23–44) 709 (86.0) 578 (70.1) 195 (23.7) 561 (68.1) 32 (24–43) 103 (78–124)
P value < 0.01 0.09 0.20 0.02 < 0.01 0.04

Values are reported as frequencies and represented as n (%) unless denoted with ‡, which indicates median (IQR).
AA indicates African American; ED, emergency department; NISS, New Injury Severity Score; SBP, systolic blood pressure.

FIG. 2. A, Line graph illustrating mortality rates of MTP patients per year. Thick dashed line indicates overall average mortality rate of 47.3%. Light
dashed line illustrated trend line of mortality rates over the study period. B, Location of hospital deaths per year. MTP indicates massive transfusion protocol;
REBOA, resuscitative endovascular balloon occlusion of the aorta; TEG, thromboelastography; TXA, tranexamic acid. B, Bar graph representation of location of
hospital deaths per study year. ED indicates emergency department; ICU, intensive care unit; OR, operating room.
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opinion or studies performed in adults (49). The type of
injury further complicates the matter, as pediatric trauma
is more likely to be blunt as opposed to penetrating (55).

It does make logical sense that a ratio of 1:1:1 would be
most appropriate in this population, but component ther-
apy is complicated by the increased risk of over-

SAFD COG Version 1.1 January 1, 2019

In general only 500mL (1 unit) of Low Titer O+ Whole Blood (LTO+WB) will be available per patient.  If more than 500 
mL of Whole Blood is available on scene the following general guidelines apply:

• 6-10 yo are eligible for 500 mL of Whole Blood
o Consult Medical Direction for further orders, if needed

• 11-13 yo are eligible for 1000 mL of Whole Blood
o Consult Medical Direction for further orders, if needed

• ≥13 yo are eligible for >1000 mL of Whole Blood
o Consult Medical Direction for further orders, if needed

Of Note:  At this time the LTO+WB does not have volume markings on the bag.  

Low Titer O+ Whole Blood – Trauma 

Key Concepts
• Low Titer O + Whole Blood is now being used to treat 

severely injured trauma patients who have or are at 
risk for severe hemorrhage

EMT
• Follow Trauma General Patient Care Guideline
• Follow appropriate Trauma Guideline

Paramedic

For Patients in HEMORRHAGIC SHOCK:
Administer Whole Blood with signs of acute hemorrhagic shock as evidenced by:

• Systolic Blood Pressure < 70 mmHg   OR
• Systolic Blood Pressure < 90 mmHg with Heart Rate ≥ 110 beats per min   OR
• ETCO2 < 25 OR
• Witnessed traumatic arrest < 5 min prior to provider arrival and continuous CPR throughout 

downtime OR
• Age ≥ 65 yo and SBP ≤ 100  AND HR ≥ 100 beats per minute

MARCHES Protocol  
• Massive bleeding control
• Airway – NPA/OPA/ Crich
• Respiratory – decompress chest if tension 

pneumothorax, occlusive dressing for open 
pneumothoraces

• Circulation- IV/IO Tqx, pelvic binder, wound 
packing

• Hypothermia care
• Eye injuries – cover with rigid shield and no 

pressure on the eye
• Spinal motion restriction if indicated 

History
• What was the mechanism of injury – blunt (MVC, fall, 

blow to body) vs. penetrating (stabbing, GSW, foreign 
body)?

• Did a medical condition contribute to the mechanism 
of injury? Other medical conditions?  

• Medications – Coumadin? Plavix? Aspirin? Pradaxa? 
Xarelto? Eliquis? (any blood thinners or 
anticoagulants)

• Beta Blockers and Calcium Channel Blockers may 
not allow HR to increase appropriately

Criteria
HEMORRHAGIC SHOCK in medical or trauma Adult and Pediatric (≥ 6 yo) patients 

Relative Contraindications
• Patient < 6 years old

o Consult Medical Direction if patient is in hemorrhagic shock and < 6 yo
o Medical Director may elect to give blood in patients < 6 yo

Contraindications
• Religious objection to receiving whole blood—consult On Call Medical Director

Figure 2. Low-titer group Owhole blood (LTOWB) prehospital treatment parameters in San Antonio, Texas. MVC =motor vehicle
collision; GSW = gun shot wound; NPA = nasopharyngeal airway; OPA = oropharyngeal airway; crich = cricothyrotomy; IV = intra-
venous; IO = intraosseous; Tqx = tourniquet; yo = year old; ETCO2 = end tidal carbon dioxide; CPR = cardiopulmonary resusci-
tation; SBP = systolic blood pressure; HR = heart rate.
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Prehospital Narrow Pulse Pressure Predicts Need 
for Resuscitative Thoracotomy and Emergent 
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a b s t r a c t 
Background: The pulse pressure (PP) is the difference between systolic and diastolic blood 
pressures. Narrow PP in the Emergency Department (ED) has recently been shown to predict 
hemorrhagic shock after trauma. This study examined the impact of prehospital narrow PP 
on outcomes after trauma. 
Methods: Patients presenting to our ACS-veri-ed Level I trauma center (2008-2020) were ret- 
rospectively screened. Exclusions were unrecorded prehospital/ED vitals, age < 16 or > 60, 
transfers, on-scene cardiac arrest, and missing discharge disposition. Prehospital blood 
pressure de-ned study groups: Narrow PP ( < 30 mmHg) vs. Hypotensive (SBP < 90 mmHg) vs. 
Others (herein referred to as Normotensive). Univariable/multivariable analyses compared 
outcomes and determined independent predictors of mortality; resuscitative thoracotomy; 
emergent intervention; and need for trauma intervention (NFTI), a contemporary measure 
of major trauma. 
Results: In total, 39,144 patients met inclusion/exclusion criteria: 5% (n = 1,834) Narrow PP, 
3% (n = 1,062) Hypotensive, and 92% (n = 36,248) Normotensive. Penetrating trauma was more 
frequent among Narrow PP and Hypotensive patients (23% vs. 32% vs. 14%, p < 0.001). ISS was 
higher among Narrow PP and Hypotensive patients (5[1-14] vs. 10[2-21] vs. 4[1-9], p < 0.001). 
Mortality was highest among the Hypotensive (n = 130, 12%) followed by Narrow PP (n = 92, 
5%) and Normotensive patients (n = 502, 1%) (p < 0.001). On multivariable analysis, prehos- 
pital narrow PP was independently associated with resuscitative thoracotomy (OR 1.609, 
p = 0.009), emergent intervention (OR 1.356, p = 0.001), and NFTI (OR 1.237, p = 0.009). 

∗ Corresponding Author . Division of Acute Care Surgery, LAC + USC Medical Center, University of Southern California, 2051 Marengo Street, 
Inpatient Tower, C5L100, Los Angeles, CA 90033 

E-mail address: morgan.schellenberg@med.usc.edu (M. Schellenberg). 
0022-4804/© 2021 Elsevier Inc. All rights reserved. 
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