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Abstract

Background: Calcium plays an essential role in physiologic processes, including

trauma's “Lethal Diamond.” Thus, inadequate serum calcium in trauma patients

exacerbates the effects of hemorrhagic shock secondary to traumatic injury and

subsequently poorer outcomes compared to those with adequate calcium levels.

Evidence to date supports the consideration of calcium derangements when

assessing the risk of mortality and the need for blood product transfusion in

trauma patients. This review aims to further elucidate the predictive strength of

this association for future treatment guidelines and clinical trials.

Methods: Publications were collected on the relationship between i-Ca

and the outcomes of traumatic injuries from PubMed, Web of Science, and

CINAHL. Manuscripts were reviewed to select for English language studies.

Hypocalcemia was defined as i-Ca <1.2 mmol/L.

Results: Using PRISMA guidelines, we reviewed 300 studies, 7 of which met

our inclusion criteria. Five papers showed an association between hypocalce-

mia and mortality.

Conclusions: In adult trauma patients, there has been an association seen

between hypocalcemia, mortality, and the need for increased blood product transfu-

sions. It is possible we are now seeing an association between low calcium levels

prior to blood product administration and an increased risk for mortality and need

for transfusion. Hypocalcemia may serve as a biomarker to show these needs.

Therefore, hypocalcemia could potentially be used as an independent predictor

for multiple transfusions such that ionized calcium measurements could be used

predictively, allowing faster administration of blood products.
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1 | INTRODUCTION

Calcium plays an essential role in physiologic processes;
calcium derangement is linked to complications of severe
trauma, including hypothermia, coagulopathy, and
acidosis.1–8 Inadequate serum calcium in trauma patients
is associated with the exacerbation of hemorrhagic shock
secondary to traumatic injury and subsequently poorer
outcomes than those with adequate calcium levels. Hemor-
rhagic shock continues to be a significant cause of death after
traumatic injury in both military and civilian settings.9,10

Furthermore, studies have shown that seriously injured
trauma patients commonly present with calcium derange-
ments, specifically hypocalcemia. Calcium-dependent path-
ways are key in vasomotor tone, platelet function, intrinsic

and extrinsic pathway-mediated coagulation, and therefore
play a crucial role in hemorrhagic shock and resuscitation
(Table 1).5,11,12 Both trauma and transfusion procedures lead
to worsening hypocalcemia.3 The role of hypocalcemia in
trauma patients has been a recent area of study, with goals
to optimize resuscitation and understand the link between
calcium derangements, risk of death, and need for transfu-
sion. Increased focus on the measurement of ionized calcium
in trauma patients has shown a strong association between
hypocalcemia and negative outcomes, with Ditzel et al. argu-
ing that hypocalcemia should be included in the Lethal Tri-
angle of hypothermia, coagulopathy, and acidosis expanding
it into a Lethal Diamond.13,14 Calcium administration early
on in resuscitation efforts are generally supported, there is
disagreement about the best calcium-replacement protocol.

TABLE 1 Roles of ionized calcium throughout the body and how hypocalcemia can affect resuscitation

Organ system Calcium's role Likely effect on resuscitation

Musculoskeletal Calcium triggers skeletal muscle contraction by reaction
with regulatory proteins that in the absence of calcium
prevent the interaction of Actin and myosin. https://
doi.org/10.1016/S0006-3495(75)85849-8

Decreased respiratory effort leading to hypoxia and
hypercarbia

Calcium initiates smooth muscle contraction by binding
to calmodulin and activating the enzyme myosin light
chain kinase. Calcium may also enhance smooth
muscle contractile activity by binding directly to
myosin, the main component of the thick filament.
https://doi.org/10.1016/0002-9149(87)90076-2

Decreased vascular tone leading to hypotension, impaired
tissue perfusion, and worsened shock.

Calcium binds to troponin resulting in sliding of the
thick and thin filaments, cell shortening, and thence
the development of pressure within the ventricle and
ejection of blood. https://doi.org/10.1161/
CIRCRESAHA.117.310230

Decreased cardiac output leading to impaired tissue
perfusion, and worsened shock.

Neurologic Upon entering a presynaptic terminal, an action
potential opens calcium channels and transiently
increases the local calcium concentration at the
presynaptic active zone. Calcium then triggers
neurotransmitter release within a few hundred
microseconds by activating synaptotagmins calcium.
https://doi.org/10.1101/cshperspect.a011353

Decreased release of catecholamines leading to decreased
cardiac output and hypotension.

Calcium is involved in synaptic signaling processes,
neuronal energy metabolism, and neurotransmission.
https://doi.org/10.1007/s00018-013-1550-7

Increased chance of brain injury.

Hematologic Calcium ions play a major role in the tight regulation of
the coagulation cascade which is paramount in the
maintenance of hemostasis. Other than platelet
activation, calcium ions are responsible for the
complete activation of several coagulation factors,
including coagulation Factor XIII (FXIII). https://doi.
org/10.1038/s41598-019-47815-z

Decreased ability to activate platelets and fibrin clots,
leading to increased blood loss.

Clotting factor IV is a calcium ion that plays an
important role in the intrinsic, extrinsic, and common
pathways. www.ncbi.nlm.nih.gov/books/NBK507850
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This is largely due to a lack of clinical research directly com-
paring the efficacy of calcium replacement strategies during
hemostatic resuscitation.

It is important to understand hypocalcemia and its
potential role of confounding by indication in the context
of trauma and hemostatic resuscitation.15 It is unclear if
hypocalcemia itself is a result of trauma and blood trans-
fusions or an early indicator of poor outcomes and resus-
citative needs.

The objective of this scoping review is to evaluate
the existing data concerning hypocalcemia, mortality,
and the need for transfusion in adult trauma patients
to determine if sufficient evidence is available to conclude
the demonstrated association between hypocalcemia, mor-
bidity, and mortality as a predictive measure to inform

researchers and clinicians for future use in clinical trials
and treatment guidelines.

2 | METHODS

This paper is a scoping review that followed the
PRISMA-ScR (Preferred Reporting Items for Systematic
Review and Meta-Analyses extension for Scoping
Reviews) guidelines to display the number of papers used
in this review (Figure 1). PubMed, Web of Science, and
CINAHL databases were queried for all available full-text
articles that addressed hypocalcemia and its associations
with mortality or blood transfusions in the adult trauma
patient. Search terms included (hypocalcemia or low

FIGURE 1 PRISMA flow diagram. Legend: The PRISMA diagram details the search and selection process applied during the

scoping review
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serum calcium) AND (trauma) AND (mortality OR
death). Three hundred records were identified using the
search criteria (Figure 1) and an additional two were
known by SK, which were added to the screening pro-
cess. Exclusion criteria included patients diagnosed with
a chronic illness or significant comorbidities, associated
mortality through multiple variable factors without isolat-
ing for ionized calcium, and a mean population age
greater than 65. The search was conducted by NR and
duplicated by SK. Initial articles were screened through
title and abstract review for inclusion by authors SK and
NR. Selected articles for full-text review were screened by
NR and SK independently. Authors SK, NR, and JE con-
ducted further qualitative data extraction. JS was available
as an independent decision-maker had any disagreement
occurred.

We assessed papers to show whether hypocalcemia
was associated with increased mortality as well as the
need for increased blood products. Additionally, it was
assessed whether or not patients received blood transfu-
sions or products prehospital to elicit citrate as a con-
founding variable (Table 2).

3 | RESULTS

Of the seven articles compiled, five were retrospective,
one was prospective, and one was a combined pro-
spective and retrospective study (Table 3). Of the five
retrospective studies, one derived data from the Penn
State Shock Trauma Center and the Departments of
Surgery, Medicine, and Health Evaluation Sciences,
Penn State Milton S. Hershey Medical Center, one
from the Orlando Regional Medical Center, one from
the Harborview Injury Prevention and Research Cen-
ter, Seattle, Washington, one from the Alfred Trauma
Registry and the Alfred Applications and Knowledge
Management Department, Melbourne, Australia, and
one from the Association of Military Surgeons. The
one prospective study derived data from all trauma

activations during 9 months in the Department of Sur-
gery, University of Tennessee Health Science Center.
The combined prospective and retrospective article
derived data from the Departments of Surgery and
Emergency Medicine, Masan Samsung Hospital,
Sungkyunkwan University School of Medicine,
Masan, Korea. Therefore, there are likely zero over-
laps of patient data between studies used in this scop-
ing review.

In 2006, the Penn State Shock Trauma Center and the
Departments of Surgery, Medicine, and Health Evalua-
tion Sciences at Penn State Milton S. Hershey Medical
Center conducted a retrospective cohort study on the
relationship between ionized calcium (iCa) levels drawn
upon arrival to the emergency department, with injury
severity, acidosis, hypotension, and mortality. No patients
received blood products prior to arrival at the Emergency
Department and there was no change in the timing of the
administration of blood products based upon iCa levels.
Three hundred ninety-six Level I trauma patients were
analyzed, and it was noted in the study that mortality sig-
nificantly increased in the iCa ≤1 mM/L compared to the
iCa >1 mM/L group (26.4% vs. 16.7%, p < .05; OR 1.92).
Of the patients who died, those with iCa levels >1 lived
longer than those with iCa levels ≤1. The examiners
predicted mortality using iCa ≤1 alone (p < .02, OR
3.28), iCa ≤1 + base deficit (p < .02, OR 2.00), and base
deficit alone (p = .06, OR 1.5). Low iCa levels were found
to be associated with prehospital hypotension and shown
to be a better predictor of mortality than base deficit.
Lastly, the study noted that additional research is rec-
ommended to highlight further the effect of acidosis on
the relationship between base deficit and iCa.16

The Departments of Surgery and Emergency Medi-
cine, Masan Samsung Hospital, Sungkyunkwan Uni-
versity School of Medicine, Masan, Korea, published a
combined prospective and retrospective study examin-
ing the correlation between iCa levels in trauma
patients and mortality risk. The study also evaluated
mortality risk against three other triage tools - base def-
icit, systemic inflammatory response syndrome (SIRS)
score, and triage-revised trauma score (t-RTS). Two
hundred fifty-five trauma patients who underwent
arterial blood gas analysis (ABGA) of iCa levels within
10 min of arrival were examined to determine the best
predictor of mortality. Serum iCa, pH, PaO2, PaCO2,
bicarbonate, base deficit, and SaO2 were all measured
automatically by the ABGA. The mean age of the
cohort was 47.2 ± 16 years with a range of 16–90 years
old - males made up most of the study at 76.5%
(195 patients). Univariate analysis with a Student's t-
test or chi-square test showed a statistical significance
in mortality risk that was correlated with all of the

TABLE 2 Prehospital blood transfusion status

Authors Prehospital blood transfusion

Cherry et al. No

Choi and Hwang No

Magnotti et al. No

Giancarelli et al. No

Vasudeva et al. No

Connor et al. 37.60%

Chanthima et al. Yes
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following metrics - iCa, Glasgow coma scale score,
serum bicarbonate, base deficit, SaO2, initial systolic
blood pressure, pulse rate, body temperature, SIRS, t-
RTS, emergency operation, transfusion amount, injury
severity score, and revised trauma score. The receiver
operating characteristic (ROC) curve analysis and the
recognized cut-off point for normal conditions were
used to categorize iCa levels as follows – normal iCa
concentration (≥ 1.15 mM/L), mild ionized hypocalce-
mia (0.89–1.14 mM/L), and severe ionized hypocalce-
mia (≤ 0.88 mM/L). Multivariate logistic regression
analysis confirmed that patients with iCa ≤0.88 had a
significant increase in risk for mortality (30.2%
vs. 14.3%; p = .003). Although iCa ROC curve analysis
levels correlated with mortality risk, displaying a high
sensitivity and accuracy, the t-RTS proved to be a bet-
ter predictor of specific patient mortality. Still, the
study highlights the strong correlation of iCa to mortal-
ity risk. It suggests that this metric could be used in the
future, with additional factors, to predict mortality bet-
ter – even against the t-RTS test metric.17

In 2015 the Departments of Pharmacy and Surgical
Education, Orlando Regional Medical Center published a
retrospective study that analyzed the incidence of hypo-
calcemia and severe hypocalcemia in trauma patients
who received a massive transfusion protocol (MTP) and
compared characteristics of patients with severe versus
non-severe hypocalcemia. MTP was activated by the pres-
ence of a systolic blood pressure ≤90 mm Hg, heart rate
≥120 bpm, positively focused sonography for trauma
examination, or pH ≤7.24, and if four or more units of
PRBCs were transfused over 1 h or if over 10 units were
expected to be transfused within 24 h; there was no men-
tion of timing to transfusion. Measurements of iCa were
collected within 24 h after MTP discontinuation. One hun-
dred fifty-six patients were examined in the study and split
into two groups – iCa <0.90 mmol/L (n = 111) and iCa
≥0.90 mmol/L (n = 45). Mortality was higher in the
iCa <0.90 mmol/L group - 49% death rate versus 24% in
the iCa ≥0.90 group (p = .007). In addition, patients in the

iCa <0.90 mmol/L group received more blood products
(34 [23–58] vs. 22 [18–30] units, p < .001) and calcium
chloride (4 [2–7] vs. 3 [1–4] g, p = .002), possibly showing
a bias by indication in this study. There was no difference
in the duration (hours) of the MTP or final iCa levels.
Based on a ROC analysis, the study concluded that the
higher the number of blood products used during an MTP
correlated with an increase in severe hypocalcemia, likely
secondary to the massive transfusion. Overall, this study
found that hypocalcemia was common in patients who
received a massive transfusion and iCa levels are impor-
tant in determining the mortality risk. Lastly, it concluded
that more research is required to manage hypocalcemia
throughout massive transfusions effectively.18

The Department of Surgery from the University of
Tennessee conducted a prospective study on 591 trauma
patients over 9 months to determine if iCa levels upon
admission impacted the number of transfusions required
during treatment. Patients were not eligible to be included
in the study if they received any blood product transfusion
prehospital. The patients were split into two groups -
iCa <1.00 (lo-Cal group - 332 patients) and iCa ≥1.00 (hi-
Cal group - 259 patients). Mortality (15.5% vs. 8.7%,
p = .036) and the need for multiple transfusions (defined as
transfusion of 5 units of PRBCs in 24 h; 17.1% vs. 7.1%,
p = .005) increased in the lo-Cal group, along with a four-
fold increase in the need for massive transfusion (defined as
transfusion of 10 units PRBCs in 24 h; 8.2% vs. 2.2%,
p = .017). Additionally, in a multivariable logistic regres-
sion analysis, this study identified iCa <1.00 as an indepen-
dent predictor of the need for multiple transfusions after
adjusting for age and injury severity (odds ratio = 2.294,
95% confidence interval = 1.053–4.996). The admission iCa
levels proved to be a key marker when determining patient
mortality risk and blood transfusion requirements, and in
conclusion, should be a leading indicator when preparing
to treat trauma patients.19

A 2021 retrospective cohort study completed by the
Harborview Injury Prevention and Research Center in
Seattle, Washington, examined the effects of transfused

TABLE 3 Data collection type

Authors Year published Sample size (n) Data collection Level of evidence

Cherry et al. 2006 396 Retrospective observational Level 2b

Choi and Hwang 2008 255 Retrospective and prospective observational Level 2b

Magnotti et al. 2011 591 Prospective observational Level 1b

Giancarelli et al. 2016 156 Retrospective observational Level 2b

Vasudeva et al. 2020 226 Retrospective observational Level 2b

Connor et al. 2021 101 Retrospective observational Level 2b

Chanthima et al. 2021 346 Retrospective observational Level 2b
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citrated blood products on resuscitation-induced hypocal-
cemia and trauma outcomes. Three hundred forty-six
patients were analyzed – 288 (83.2%) had hypocalcemia
at first iCa determination, 296 (85.6%) had hypocalcemia
in the last determination in the first 3 h of hospital care,
and 177 (51.2%) received at least one calcium replace-
ment dose during that time. The study found that neither
first iCa determination nor the administered replacement
calcium dose corrected for citrate load and was not effec-
tive at predicting mortality.20

A 2019 study by the National Trauma Research Institute
in Melbourne, Australia, utilized the Alfred Trauma Regis-
try and the Alfred Applications and Knowledge Manage-
ment Department to evaluate the correlation between
admission hypocalcemia and adverse outcomes. Patients
were excluded from the study if they received a blood trans-
fusion prehospital or had a shock index <1 (which assumes
there were no occult derangements), excluding 3045
patients from the study. Ultimately, 226 patients were ana-
lyzed in the study - 113 (50%; 95% CI: 43.54–56.46%) had an
admission iCa of whom six (2.6%; 95% CI: 1.22–5.66%)
patients had severe hypocalcemia. Hypocalcemia was signif-
icantly associated with an increased need for blood transfu-
sions (p < .001), coagulopathy upon arrival (OR 5.5, 95% CI
2.8–10.8, p < .001), and death upon hospital discharge
(p = .047). Although hypocalcemia was an accurate indica-
tor for patient outcomes (25.6% vs. 15.0%; p = .047), the
study noted that further research is warranted on calcium
administration for trauma patients in hemorrhagic shock.21

In 2021 the Association of Military Surgeons publi-
shed a retrospective study on military casualties at differ-
ent locations in Afghanistan from August 2018 to
February 2019, examining both initial admission calcium
levels in trauma patients, and separately the effects of
prehospital treatment with blood product administration
and its relationship with admission calcium levels. One
hundred one patients were analyzed, and of this cohort,
55 (54.5%) had hypocalcemia (iCa <1.20 mmol/L) on
arrival to the Forward Surgical Team (FST) with a mean
iCa of 1.16 mmol/L (95% CI 1.14 to 1.18). In addition,
33/38 (86.8%) of the patients requiring blood product
transfusion after arrival to the FST were hypocalcemic on
admission. The mean iCa levels of patients requiring
blood transfusion were significantly lower than those
who did not require transfusion (1.13 mmol/L [95% CI
1.08–1.18] vs. 1.19 mmol/L [95% CI 1.17–1.20]; p = .01).
Patients with hypocalcemia (iCa <1.2) who required a
blood transfusion made up 65.7% (25/38) of the cohort,
while patients who had an iCa >1.2 made up 34.2%
(13/38) of the patients requiring a transfusion. 71%
(27/38) of patients received at least four units of blood
products containing citrate, and 18.4% (7/38) required an
MTP. The study found that hypocalcemia was prevalent

in military casualties, and early administration of cal-
cium during resuscitation may benefit patient outcomes,
although further research was recommended to confirm
the results.22

4 | DISCUSSION

Hypocalcemia in trauma remains a relevant clinical and
research topic of discussion today. With the availability
of pre-hospital and in-hospital laboratory technologies,
iCa levels are a simple biomarker to obtain for the mili-
tary and civilian population that could potentially serve
as a substantial predictive value for mortality. The seven
papers included in this study found that iCa was an inde-
pendent predictor for mortality (Table 4); while iCa alone
was an independent predictor for mortality, secondary
findings showed iCa with another biomarker such as
hypotension or iCa with the base deficit was more predic-
tive of mortality than base deficit alone. Furthermore, it
was found in the Choi study that transfusion was also a
significant predictor of mortality. It is possible that the
associations described here between mortality and trans-
fusion could be a result of indication and spectrum bias.

Multiple papers showed an association between iCa
and blood product requirements (Table 5). Since blood
transfusions are the standard treatment for trauma
patients, it is crucial to identify associations between
hypocalcemia and transfusion.17 A recent study con-
ducted by Conner et al. showed that 54.5% of military
casualties with hemorrhagic shock (n = 110) in Iraq who
arrived at their FST from August 2018 to February 2019
were hypocalcemic (n = 55). Additionally, they found
that 87% of the patients who required blood transfusion
were hypocalcemic upon arrival at the FST. Of the group
that received blood products prior to arrival to the FST or
during aeromedical evacuation to the FST, 75% of them
were hypocalcemic upon arrival (8/101 received products
and 6/8 were hypocalcemic). Conversely, of those who
did not receive blood products until they arrived at the
FST (38/101), 71.1% of these patients required at least
four units of citrated blood, while only 18.4% (7/38)
required MTP. Out of this in-FST treatment group, 33 of
the 338 casualties were hypocalcemic on arrival or
became hypocalcemic and 24/38 received calcium supple-
mentation.22 This also likely represents indication, selec-
tion, and spectrum bias, as all the patients requiring MTP
and those requiring pre-arrival blood had hypocalcemia.
Even so, these findings are significant because it has been
often thought that hypocalcemia in this patient popula-
tion is solely due to calcium chelation from the addition
of the anticoagulant citrate into blood and blood products
(3 g citrate per CPD and 1.66 g per CPDA-1 bag).
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However, this does not fully define whether there is a
dose-dependent relationship between total blood loss and
calcium levels, but it does provide insight that hypocalce-
mia in hemorrhagic shock could be caused by a variable
other than massive transfusion. Since massive transfu-
sion is a typical predictive value for morbidity and mor-
tality, hypocalcemia may be a confounding variable that
has yet to be effectively studied. Correcting hypocalcemia
may decrease the overall amount of blood and blood
products needed during transfusion, albeit resuscitation
needs still need to be corrected per immediate versus
ongoing requirements according to Starling curve princi-
ples; perhaps calcium may provide at least an effective
and synergistic resuscitation effect when using proper
ratios, and assisting with vasomotor tone. This theory is
possible due to calcium's role throughout the clotting cas-
cade and its effects on cardiac output and smooth muscle
mechanics.22

Vasudeva and colleagues supported the hypocalcemia
and transfusion hypothesis in 2020 when they published
their results from a retrospective review they conducted
from 1 July 2014 to 30 June 2018. The authors found that
admission ionized hypocalcemia was associated with both
the need for blood transfusion within the first 24 h (62.5%,
p < .001) and death at hospital discharge (25.6%, p < .047).
This is further supported by Magnotti et al., who found that
patients with iCa <1.0 was an independent predictor for
multiple transfusions (OR = 2.294, 95% CI = 1.053–4.996).
However, while the results of this review and the findings
of these two studies show that hypocalcemia is associated
with mortality prediction (either directly or through the

need for more transfusions), they do not determine if the
correction of the derangement will decrease the mortality
in these populations.19,21

Moreover, the data does not suggest an evidence-
based protocol to correct hypocalcemia, likely due to the
current gap in the literature, which warrants more pro-
spective and controlled research in this area. Con-
founding by indication15 could also be a factor insofar as
hypocalcemia could be masking the actual factor/s that
lead to poor outcomes in trauma. The current military
Joint Trauma Systems (JTS) Damage Control Clinical
Practice guideline (CPG) indicates that hemorrhagic
shock patients can receive 1 g of calcium chloride or 3 g
of calcium gluconate before or concurrently with the first
unit of blood and then repeated after every fourth unit is
administered.24 The protocol also includes that calcium
should be given if the iCa is <1.2 mmol/L, but does not
suggest a stopping point. This is concerning for this popu-
lation because the data on hypercalcemia in trauma as a
predictive value for mortality is even less available than
the data for hypocalcemia. These findings suggest that
while hypocalcemia is a crucial value to monitor and
study, the limitations in the data propose a high level of
risk, and further investigation should be conducted.

5 | LIMITATIONS

The available data on hypocalcemia as a predictive factor
for mortality is low (n = 7). During this study's review pro-
cess, only one paper was prospective, while the other six

TABLE 4 Hypocalcemia and associated mortality versus non-hypocalcemia groups

Authors Outcome (%) Odds ratio (confidence intervals) p value

Cherry et al. 26.4 versus 16.7 (iCa < 1.0 mmol/L) 1.92 (1.1–3.5) <.05

Choi and Hwang 30.2 versus 14.3 (iCa <0.88 mmol/L) 3.10 (1.11–8.62) .003

Magnotti et al. 15.5 versus 8.7 (iCa <1.0 mmol/L) [not provided] .036

Giancarelli et al. 49 versus 24 (iCa <0.09 mmol/L) 2.93 (1.35–6.36) .007

Vasudeva et al. 25.6 versus 15.0 (iCa <1.11 mmol/L) 1.95 (1–1.38) .047

TABLE 5 Hypocalcemia and transfusion-related data versus non-hypocalcemia groups

Authors Variable Difference (%)
Odds ratio
(confidence intervals) p value

Magnotti et al. Need for multiple transfusions 17.1 versus 7.1 2.294(1.053–4.996) .005

Giancarelli et al. Units of blood received during
massive transfusion protocol

34 versus 22 2.93(1.35–6.36) <.001

Vasudeva et al. Patients requring transfusion in first
24 h post admission

62.5 versus 37.5 1.95(1–1.38) <.001

Conner et al. Patients requiring transfusion 86.8 versus 13.2 [not provided] [not provided]
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were retrospective. The lack of prospective data is a signifi-
cant concern for the authors of this paper as the data can-
not show causation. Because we did not intend to perform
a meta-analysis, we did not systematically assess for bias,
level of evidence, or perform a pooled analysis.

6 | CONCLUSION

This review found that the current data concerning hypo-
calcemia, mortality, and transfusion need is limited
(n = 7). While the data shows the correlation between
hypocalcemia in mortality, only one prospective study
was available, which does not provide enough evidence
to support causation. The research showed that hypocal-
cemia was an independent predictor for mortality, albeit
due to the limited nature of this data, the researchers sug-
gest that a multi-center prospective study should be con-
ducted to investigate if there is any causal relationship
between hypocalcemia and mortality. The relationship
between massive (or any transfusions) and hypocalcemia,
as well as the hemodynamic endpoints for blood product
requirements and hypocalcemia, need to be clinically
investigated.
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