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Abstract

Background Hypocalcemia represents a critical physiological disturbance in trauma-related hemorrhagic shock
patients. Nonetheless, the prevalence and effects of hypocalcemia remain uncertain. This study aims to explore the
prevalence of hypocalcemia before blood transfusions and its related mortality in adult patients with major traumatic
injuries.

Method We conducted a systematic search through databases, including PubMed, EMBASE, Scopus, and Web of
Science, from their inception until June 30, 2024. Patients with major traumatic injuries whose serum calcium was
measured upon arrival at the emergency department (ED) were included. We excluded those with prior blood
transfusions, pre-clinical studies, review articles, and studies without a control group. Meta-analysis using a random-
effect model was performed. Heterogeneity was evaluated using Cochrane Q and I statistics. The study’s risk of bias
was assessed using the Joanna Briggs Institute’s critical appraisal checklist. Publication bias was assessed using Egger's
test and contour funnel plot visualization.

Results Of the total, 1,984 abstracts were screened, leading to 15 studies in this review and meta-analysis. The overall
prevalence of hypocalcemia upon ED arrival was 56% (95% ClI 37%-74%), with high heterogeneity (> 99.8%) observed.
Hypocalcemia patients also had higher mortality rates than normocalcemia patients (OR 2.44, 95% Cl 1.76-3.40).

Conclusion Hypocalcemia on ED arrival is common among adult trauma patients, who also exhibit a notably high
mortality rate within this demographic. We recommend the monitoring of ionized calcium levels in traumatic adult
patients. Furthermore, systematically designed studies examining the optimal thresholds, treatment protocols, and
outcomes should be prioritized as the focal point of research.

Trial registration CRD42024549054 (http://www.crd.york.ac.uk/PROSPERO).
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Introduction

Injury is a significant contributor to death and dis-
ability worldwide [1]. It imposes a substantial burden
through economic costs and long-term health disabili-
ties [1, 2]. While traumatic brain injury is the most sig-
nificant global contributor to trauma mortality overall,
hemorrhagic shock remains a leading cause of prevent-
able early deaths in major trauma patients, contributing
to nearly 1.5 million deaths globally [3, 4]. Deaths from
hemorrhage typically occur in the early phase of injury,
with a median time of around two hours post-injury [2,
3]. However, early hypotension is associated with delayed
mortality, such as from organ failure or infection [5] —
Currently, treatments for hemorrhagic shock focus on
bleeding control and achieving definitive hemostasis [3,
6].

Ionized calcium is a form of calcium in the human body
that can be measured using portable devices [7]. Calcium
is crucial in regulating vasomotor tone, platelet function,
the coagulation cascade, and cardiac contractility, all vital
in trauma settings [7]. In trauma patients, hypocalcemia
has been studied and found to be correlated with poor
outcomes, such as higher mortality and an increased
need for massive transfusion [8—12]. Despite these asso-
ciations, there is no definitive conclusion on the direct
impact of hypocalcemia on trauma outcomes [7, 13].

The occurrence of hypocalcemia in major trauma
patients varies across studies, and its impact on patient
outcomes is still unclear [14—17]. Therefore, we con-
ducted a systematic review and meta-analysis to establish
the incidence of initial hypocalcemia in adult traumatic
patients without prior blood product administration.
Additionally, we also aimed to investigate the relationship
between hypocalcemia and mortality in these patients.

Methods

This systematic review was prepared following the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses statements [18]. We prospectively registered
the study protocol with the PROSPERO website before
collecting data (Registration ID: CRD42024549054, http
://www.crd.york.ac.uk/PROSPERO).

Search strategy and study selection

We systematically searched four databases, PubMed,
EMBASE, Scopus, and Web of Science, from their incep-
tion until June 30, 2024. Our search strategy did not
impose any language restrictions. We employed a com-
bination of the Medical Subject Heading (MeSH) terms,
along with different spellings and endings, to identify
relevant articles on “hypocalcemia,” “injuries,” “wound,
“incidence,” “prevalence;” “trauma,” and “emergency
room.” Detailed search terms were described in Supple-
mentary files. We also searched websites, organizations,
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relevant reviews, and references to identify additional
eligible studies. We also searched for citations from rel-
evant articles. The search results from these databases
were extracted. Duplicate studies were removed, and the
remaining studies were added to the Rayyan QCRI web-
site. Rayyan website (https://rayyan.qcri.org) was used
to streamline the systematic review process by assist-
ing with the screening of titles and abstracts and anony-
mously selecting eligible and inclusion studies [19].

Inclusion criteria and outcome of interest
The inclusion criteria were as follows:

1. Any study included traumatic adult patients
(Age>15) with no prior blood transfusion before
taking iCa level who presented to the emergency
department (ED).

2. Reporting of prevalence or incidence of
hypocalcemia on arrival at the ED (i.e., did not
receive any blood product).

3. Reporting of outcome or endpoint on mortality of
hypocalcemia and normocalcemia groups.

Hypocalcemia was defined by low calcium levels in the
blood serum measured by either ionized calcium (iCa) or
total calcium (Ca) levels. We excluded pre-clinical stud-
ies, review articles, and studies without a control group
(i.e., case reports, case series, etc.). We (W.S. and W.W.)
independently screened study titles and abstracts to
identify potentially eligible studies. Full-text articles of
the retrieved studies were extracted and independently
assessed by two authors against the pre-specified criteria.
Any discrepancies were discussed with another author
(S.K.) and resolved through consensus. The primary out-
come was the prevalence of hypocalcemia on arrival at
the ED. The secondary outcome included hospital mor-
tality between hypocalcemia and normocalcemia groups.

Data extraction and assessment of the study risk of bias
Data was extracted from the included articles following
a pre-specified data extraction form, including the first
author, publication year, country, study setting, study
duration, cohort size, numbers of hypocalcemia, key
inclusion and exclusion criteria, injury severity score
(ISS), and mortality. All extracted data were entered into
a data spreadsheet (Microsoft Excel). Two authors (W.S.
and S.K.) independently assessed the risk of bias in the
included studies, and any disagreements were resolved
by the third author (W.W.). The study risk of bias was
assessed using the Joanna Briggs Institute’s (JBI) critical
appraisal checklist [20, 21].
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Statistical analysis

We collected the relevant information in the prepared
data spreadsheet. The extracted database was exported
to Stata MP 16 statistical software (StataCorp LLC, Col-
lege Station, TX) for statistical analysis. We estimated
the prevalence of hypocalcemia and the corresponding
95% confidence interval (CI). The random-effects model
was used to adjust for predicted significant heterogeneity
among studies. Subgroup analyses were performed based
on the study risk of bias (“low risk” as having a JBI check-
list of 8-9, “some concern” as having a JBI checklist of
5-7, and “high risk” as having a JBI checklist of 0—4. We
calculated the pooled odds ratio (OR) and corresponding
95% CI between groups using the random-effect REML
model for the secondary outcome. We also performed
sensitivity analyses to assess the direction of the relation-
ship between the severity of hypocalcemia and mortality
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rates in these patients. The publication bias was assessed
using Egger’s test and visualization of the contoured Fun-
nel plot. Heterogeneity among studies was evaluated
using Cochrane Q and the I” statistics. All tests were two-
sided, with a p-value of less than 0.05, which was consid-
ered statistically significant.

Results

Study selection and characteristics

A total of 1,984 abstracts were preliminary screened
through a search of four databases (Fig. 1). Of these,
28 full-text studies were examined, and thirteen were
excluded. This resulted in fifteen studies included in
this review and meta-analysis [8-12, 14-17, 22-27].
All observational cohort studies (Table 1) were under-
taken at a trauma center. Studies varied in sample size
(n=60-30,183), inclusion and exclusion criteria (Table

[ Identification of studies via databases and registers ]
e
Records identified from:
_§ Databases (n = 1984) Records removed before
] Scopus (n =573) screening:
= Web of Science (n=771) Duplicate records removed
E PubMed (n = 93) (n = 289)
- Embase (n = 547)
Registers (n = 0)
)
Records screened | Records excluded
(n = 1695) | (n=1667)
Reports sought for retrieval »| Reports not retrieved
2 (n=28) (n=0)
=
o
e
A A
Reports assessed for eligibility _»| Reports excluded:
(n=28) Wrong population (n = 7)
Wrong methods (n = 1)
Wrong outcome (n = 1)
Not reporting outcomes (n = 2)
Protocol/abstract (n = 2)
~
o Studies included in review
«
- (n=15)
'g Reports of included studies
= (n=15)

Fig. 1 PRISMA diagram of searching, screening, and inclusion
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Table 1 (continued)

Mortality

ISS, median (IQR)
(%)

Male Blunt

(%)

Age-

Definitions of hCa

Patients
and shCa

with

Patients
with hCa

(n)

Setting Co-

Study type Study

No Study Country

injury
(%)

years,

hort
size

(n)

duration

hCa Nor-
mal

Normal
Ca

hCa

mean+
sD

shCa (n)

Ca

N/A N/A

73

73

40

N/A iCa< 1 mmol/L

869

1,981

Retrospective observa- 2016-2019 Trauma registry

tional cohort

14 Ciaraglia, 2024

(27-58)¢

39

USA

N/A

26 26 39°

75

76

hCa:iCa< 1.2 mmol/L

23

134

Level 1 trauma

center

Retrospective observa- 2015-2021

tional cohort

Liaud-Laval, 2024

France

15

(19-34)

(17-34)°

34

shCa:iCa< 0.9 mmol/L (23-55)¢

(27-40)°

All numbers in the table have been rounded

2 for patients with mild hypocalcemia, ® for patients with severe hypocalcemia, ¢ reported as median (IQR, if available), ¢ reported as mean +SD

Abbreviations: hCa, hypocalcemia; iCa, ionized calcium; N/A, not applicable; shCa, severe hypocalcemia
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S1), definition of hypocalcemia, and prevalence of blunt
injury (73 -100%).

Risk of bias in studies

Eight studies were classified as having a low risk of bias,
while the remaining had some concerns (Table S2). Bias
was mainly due to the data needed to be collected with
sufficient coverage of the identified sample [8, 9, 12,
14-16, 22, 23, 25]. Moreover, the selection of patients
included in the studies also risked assessing hypocal-
cemia since they targeted only traumatic brain injury
patients [12, 22, 25].

Primary and secondary outcome
Hypocalcemia was defined differently among the
included studies (Table 1). The definition varied from
<0.9 mmol to <1.16 mmol/L. The overall prevalence of
hypocalcemia on arrival at the ED was 56% (95% CI 37%-
74%, Fig. 2). Notably, this synthesis was largely heteroge-
neous (P> 99.8%), with no significant difference observed
among low-risk and some concern studies (p=0.92).
In addition, the prevalence of severe hypocalcemia on
arrival at the ED was 8% (95% CI 3%-16%, Figure S1).
Among thirteen studies that reported mortality,
patients with hypocalcemia on ED arrival had higher
mortality rates than normocalcemia patients (OR 2.44,
95% CI 1.76-3.40, Fig. 3). No difference was observed
among low-risk and some concern studies (p=0.97).
High heterogeneity was observed in each group (based
on the risk of bias, I* 94.4% in low-risk studies and 51.0%
in some concern studies). Additionally, we found a simi-
lar direction, considering three studies reported mortal-
ity in patients with severe hypocalcemia. They had higher
mortality compared with patients with normocalcemia
(OR 7.46, 95% CI 1.35-41.26, Figure S2).

Reporting bias
The contoured funnel plot shows no asymmetry (Fig. 4).
The distribution of studies within and outside the con-
tour lines was similar, suggesting no potential publica-
tion bias. Egger’s test confirmed this observation with a
p-value of 0.86.

Discussion

This systematic review and meta-analysis represents an
updated comprehensive overview of hypocalcemia in
adult major trauma patients. By integrating retrospec-
tive and prospective observational studies, we expanded
upon previous research [14] to encompass a wider range
of patient subgroups [22, 25, 26]. Our findings revealed
that hypocalcemia is a common condition affecting
approximately half of adult major trauma patients. This
finding aligns with prior studies demonstrating an asso-
ciation between major trauma and hypocalcemia, even
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%

Study ES (95% Cl) Weight
1
Some concern :
Vivien, 2005 - 0.74 (0.67, 0.79) 7.16
Cherry, 2006 - ! 0.23 (0.19, 0.27) 7.19
Webster, 2016 —— 0.55 (0.41, 0.68) 6.98
Scahid Jr, 2023 —— - 0.24 (0.14, 0.35) 7.02
Badarni, 2023 . - 0.73 (0.66, 0.79) 7.15
Maekkodathil, 2023 ; = 0.82 (0.79, 0.85) 7.21
Ahmed, 2024 — . 0.50 (0.37, 0.63) 7.00
Subtotal (142 = 98.84%, p = 0.00) <> 0.55 (0.32, 0.77) 49.71
.
Low risk :
Choi, 2008 - # 0.97 (0.94,0.99) 717
Magnotti, 2011 - 0.56 (0.52, 0.60) 7.20
Vasudeva, 2019 - 0.50 (0.43, 0.57) 7.16
Helshoot, 2023 ] : 0.13(0.13,0.14) 7.22
Vettorello, 2023 = : 0.16 (0.14, 0.19) 7.20
Ciaraglia, 2024 ! 0.44 (0.42, 0.46) 7.21
Liaud-Laval, 2024 - - 0.98 (0.94, 1.00) 7.12
Subtotal (A2 = 99.81%, p = 0.00) e 0.56 (0.33, 0.79) 50.29
'
Heterogeneity between groups: p = 0.923 i
Overall (A2 =99.77%, p = 0.00); <> 0.56 (0.37, 0.74) 100.00
i
T I T T
2 4 6 8 1

Fig. 2 Forest plot of incidence of hypocalcemia in traumatic adult patients, which subgroups as some concern and low risk of bias

after blood transfusion [11, 28]. Several mechanisms
may contribute to the development of hypocalcemia in
trauma patients, including citrate chelation [7, 29], aci-
dosis [9], and parathyroid hormone dysfunction [30—-33].
Based on these findings, we recommend monitoring ion-
ized calcium levels for all adult major trauma patients
upon hospital admission. Furthermore, the mechanisms
underlying hypocalcemia in trauma patients, beyond
those associated with transfusion, warrant further inves-
tigation to address the existing gaps in knowledge.

Our study further highlights a significant associa-
tion between hypocalcemia (also severe hypocalcemia)
and increased mortality rates, consistent with previous
research [3, 13, 14, 28]. However, we acknowledge that
the relationship between hypocalcemia and mortal-
ity is not as straightforward as initially concluded. For
instance, the Helsloot study [14], the largest included
study, suggests a bimodal relationship between hypocal-
cemia and mortality. This indicates that while low cal-
cium levels are associated with worse outcomes, patients
with hypercalcemia also resulted in increased mortal-
ity. This phenomenon may stem from various factors,
such as muscle breakdown or skeletal fractures, though

the exact pathophysiological mechanisms remain poorly
understood. Several hypotheses attempt to explain this
relationship, including the theory that cytosolic and
mitochondrial calcium overload disrupt critical intracel-
lular signaling pathways, ultimately triggering cell death
mechanisms [34, 35]. This bimodal relationship high-
lights the potential harm of unrecognized hypercalcemia,
particularly in the context of excessive calcium supple-
mentation. Further studies are needed to explore this
potential bimodal relationship and its implications for
clinical practice.

Hypocalcemia could indeed reflect injury sever-
ity rather than being a direct cause of mortality. Sev-
eral hypotheses can explain the pathophysiological link.
For example, hypocalcemia might exacerbate trauma-
induced coagulopathy through its role in the coagu-
lation cascade [14], leading to worsened hemostasis.
Additionally, calcium is critical for cardiac contractility
and vascular tone [36-38], and hypocalcemia-induced
hypotension and impaired myocardial function could
further compromise patients with major trauma [36—41].
Moreover, citrate chelation from transfusions and acido-
sis may contribute to reduced ionized calcium levels [42],
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Hypocalcemia Normocalcemia Odds Ratio Weight

Study Dead Alive Dead Alive with 95% Cl (%)
Low risk d
Choi, 2008 38 210 1 6 h 1.09[0.13, 9.27] 1.98
Magnotti, 2011 51 281 23 236 E—I— 1.86[ 1.1, 3.14] 9.30
Vasudeva, 2019 29 84 17 96 :—.— 1.95[1.00, 3.80] 8.11
Byerly, 2020 270 446 666 5,959 : 5.42[4.57, 6.43] 11.73
Helshoot, 2023 843 3,139 3,432 21,806 : [ ] 1.71[1.57, 1.86] 12.01
Vettorello, 2023 16 108 18 641 i —— 5.28[2.61, 10.66] 7.82
Ciaraglia, 2024 140 729 122 990 : .' 1.56[1.20, 2.02] 11.26
Heterogeneity: 12 = 0.29, 1> = 94.37%, H? = 17.75 : > 244154, 3.85]
Test of 6, = 6 Q(6) = 153.51, p = 0.00 i

I
Some concern E
Vivien, 2005 41 115 3 53 , —®——6.30[1.87, 21.26] 4.58
Cherry, 2006 24 67 48 257 —— 1.92[1.10, 3.35] 8.99
Scahid Jr, 2023 2 14 4 48 + 1.71[0.28, 10.36] 2.64
Badarni, 2023 30 117 10 44 —IF— 1.13[0.51, 250] 7.12
Maekkodathil, 2023 180 577 19 139 - 228[1.37, 3.79] 9.42
Ahmed, 2024 22 8 9 21 | —M—— 642[208, 19.76] 5.04
Heterogeneity: T2 = 0.18, |2 = 50.99%, H? = 2.04 i - 2.41[1.47, 3.95]
Test of 6, = 6: Q(5) = 9.38, p = 0.09 :

|
Overall . 2.44[1.76, 3.40]
Heterogeneity: 12 = 0.23, I> = 88.87%, H? = 8.99 :
Test of 6,= 8 Q(12) = 163.03, p = 0.00 i
Test of group differences: Q,(1) = 0.00, p = 0.97 i

14 1 4 16

Random-effects REML model
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Fig. 3 Forest plot of hypocalcemia and mortality rate in traumatic adult patients using random-effects model, which subgroups as some concern and

low risk of bias
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Fig. 4 Contoured funnel plot shows no asymmetry
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compounding systemic effects. To address these gaps,
future research should aim to dissect whether hypocal-
cemia serves as a marker of injury severity or actively
contributes to adverse outcomes. Studies focusing on the
temporal relationship between hypocalcemia onset and
clinical deterioration, alongside controlled trials investi-
gating calcium supplementation strategies, are essential
to clarify its causal role and therapeutic implications in
trauma patients.

While our study demonstrates no evidence of publica-
tion bias, it is important to acknowledge its limitations.
First, there is significant heterogeneity in the diagnostic
criteria, study settings, patient populations, and timing
of calcium measurement across the included studies.
For instance, while our inclusion criteria specified that
calcium levels should be measured on admission before
transfusion, variations in the timing and methodology
among the included studies remain a limitation, as this
can influence the generalizability of our findings. Sec-
ond, many of the included studies are single-center with
small cohorts, potentially impacting the statistical power
and external validity of our results. Furthermore, the risk
of bias assessment, although conducted rigorously, may
underestimate the actual bias due to inconsistencies in
reporting across studies. We also note that the included
studies are highly heterogeneous in their methodologies
and timing for measuring calcium levels. Importantly,
most studies did not account for pH adjustments, which
is a critical limitation. A low pH, often seen in critically
ill trauma patients, can influence ionized calcium levels.
Without pH adjustment, calcium levels might primarily
serve as a marker of critical illness rather than represent-
ing a physiological or therapeutic target. This limitation
underscores the need for future research to standardize
calcium measurement methods, including pH adjust-
ments, and to better delineate the role of calcium levels
as a potential therapeutic target in trauma care.

We agree that a meta-analysis requires a well-defined
patient population. The heterogeneity identified in
our included studies underscores the need for future
research to focus on standardizing diagnostic criteria
and reporting methods. Despite these limitations, our
findings emphasize the need for monitoring and manag-
ing ionized calcium levels in major trauma patients and
highlight the critical need for large-scale, multicenter,
randomized controlled trials to establish standardized
thresholds and treatment protocols for hypocalcemia in
trauma care.

Conclusion

Hypocalcemia at ED arrival frequently occurs in adult
trauma patients before blood transfusions and is associ-
ated with increased mortality. While definitive diagnos-
tic criteria are absent, we suggest monitoring ionized
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calcium levels in this population. In the future, well-
structured studies should focus on optimal thresh-
olds, treatment protocols, and endpoints for calcium
supplementation.
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