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Paediatric Trauma and hypocalcaemia: a systematic review  

Mary-Beth Toner, Michael Coffey, Ulugbek Nurmatov, Stephen Mullen 

 

Abstract:  

 

Background: Trauma is a leading cause of mortality and morbidity in children worldwide. 

While adult studies have demonstrated hypocalcaemia’s association with adverse outcomes, 

its impact on paediatric trauma patients remains understudied. This systematic review aims to 

investigate current evidence into the prevalence, clinical implications, and associations of 

hypocalcaemia in paediatric trauma. 

 

Methods: A comprehensive literature search was conducted searching four databases, grey 

literature and additional sources for original studies looking at outcomes for paediatric trauma 

patients with ionised calcium measurements before blood product administration. Exclusion 

criteria comprised studies which included patients with blood products administration prior to 

calcium measurement, case reports, case series, reviews, and papers not available in English. 

The review protocol is registered with the International Prospective Register of Systematic 

Reviews (PROSPERO): CRD42023432473. Data extraction was performed on included 

papers and quality assessment performed using Newcastle-Ottawa scale. 

 

Results: Of 779 initial studies, two studies met inclusion criteria for detailed analysis. Both 

retrospective-cohort studies, originating in Israel, and collectively included 568 patients. 

Hypocalcaemia incidence ranged from 5.3% to 19.8%. Although trends towards increased 

https://dx.doi.org/10.1136/archdischild-2023-326576


                               

mortality, blood transfusion requirements, and prolonged hospital stays were observed in 

hypocalcaemic patients, statistical significance was not consistently achieved. 

 

Conclusion: Hypocalcaemia in paediatric trauma appears reduced in incidence compared to 

adult populations. Limited available studies suggest potential associations with adverse 

outcomes, although most were not statistically significant. Studies had small patient numbers, 

necessitating further prospective research to facilitate a clearer understanding. Insights from 

such studies can guide patient management and improve outcomes in this vulnerable 

population. 

 

What is already known on this topic – summarise the state of scientific knowledge on this 

subject before you did your study and why this study needed to be done 

Hypocalcaemia in trauma is of emerging interest as we understand more about the complex 

interplay of factors such as acidosis, hypothermia and coagulopathy leading to a proposed 

'diamond of death'. There have been multiple studies examining this relationship in adult 

populations but to date we do not know the prevalence of hypocalcaemia in paediatric trauma 

patients. 

What this study adds – summarise what we now know as a result of this study that we did 

not know before 

Our review identified two studies, both retrospective. Within these studies the prevalence of 

hypocalcaemia in paediatric trauma patients was between 5.3 and19.8%. This is significantly 

lower than what has been previously studied in similar adult populations which has 

documented incidence as high as 74%. 

How this study might affect research, practice or policy – summarise the implications of 

this study 



                               

Our findings underscore a notable difference in the incidence of hypocalcaemia in paediatric 

trauma compared to the prevalence in adult populations, there were general trends toward 

mortality, increased length of hospital / PICU stay or need for blood transfusion but further 

studies with greater patient numbers are required to fully assess the impact of hypocalcaemia 

in this vulnerable patient group. 

 

 

Introduction 

 

Trauma is the leading cause of mortality and morbidity for children globally.1 Haemorrhagic 

shock in children has a 30-day mortality of up to 50%, contrasting with 20-25% in adult 

patients.2 There is no scientific consensus to explain this discrepancy, but theories include 

reduced absolute blood volume in children, variation in mechanism and pattern of injury, and 

physiological differences in response to trauma. Effective trauma management of 

haemorrhagic shock relies on timely resuscitation strategies, including blood product 

administration and haemostatic interventions.2, 3 Recent evidence has emerged on the role 

hypocalcaemia in adult trauma patients. 3, 4, 5, 6 The potential significance has led to 

suggestion of an amendment to the lethal trauma triad to give hypocalcaemia a recognised 

place alongside, hypothermia, acidosis, and coagulopathy, proposing the ‘lethal diamond’.7, 8 

 

In trauma, calcium reduction can occur through a variety of mechanisms including 

haemorrhage, impaired calcium homeostasis, intracellular shifts, lactate chelation and 

iatrogenic haemodilution.3, 9  Calcium has a role in coagulation cascades, influencing the 

ability of blood to clot effectively.10, 11 As calcium is utilised for coagulation cascades ionised 

calcium levels decline which precipitates acidosis and worsens coagulopathy.8 



                               

Administration of citrated blood products to counteract coagulopathy and haemorrhage 

worsens hypocalcaemia as citrate chelates calcium, reducing ionised calcium levels.11,12 

Hypothermia and hypoperfusion in trauma can worsen this phenomenon due to a reduction in 

citrate metabolism by the liver. Additionally, hypocalcaemia impairs cardiac contractility 

therefore reduced calcium levels can lead to compromised cardiac function, which in turn 

contributes to hypotension, underscoring the pervasive influence of hypocalcaemia in 

trauma.10  

 

Whilst it is well established that hypocalcaemia can be driven by large volumes of 

citrate containing blood products, adult studies have suggested that there is a high incidence 

of hypocalcaemia present prior to any resuscitation.13 The importance of addressing 

hypocalcaemia in this context becomes apparent when we consider that adult studies have 

shown its association with pre-hospital hypotension, the need for blood transfusion, and 

increased mortality. 5,6,7,14 Studies also suggests that the degree of initial hypocalcaemia may 

correlate with mortality and need for blood transfusion. 15,16, 17, 18  

 

Despite evidence for the critical role of calcium in trauma, the rate and impact of 

hypocalcaemia in the paediatric population has not been subjected to thorough investigation. 

Existing research primarily focuses on adults, leaving a substantial gap in our understanding 

of the significance in paediatric patients. Considering this knowledge gap, this systematic 

review aims to address the question: In paediatric trauma patients, what is the incidence of 

hypocalcaemia and how does hypocalcaemia impact outcomes compared to those with 

normocalcaemia especially with regard to requirement of bloods products, length of stay and 

mortality? By synthesising existing evidence, we aim to provide a comprehensive overview 



                               

of the current state of knowledge in this field and identify areas where further research is 

needed.  

 

Methods    

 

Search strategy and selection criteria 

 We searched four databases including Embase, Medline, Scopus, and Web of Science for 

studies published from inception until 31st May 2023.  The search was conducted on 1st June 

2023. In August 2023, we conducted a grey literature search, manually reviewed reference 

lists, and contacted international experts in this field for additional papers or research.  

 

A Medline search strategy was initially developed (see Appendix A). Studies were 

eligible for inclusion if they included paediatric (below 18 years of age) trauma patients with 

an ionised calcium measurement prior to any blood product transfusion. Studies were 

excluded if they included patients who had received blood products before initial calcium 

measurement or were case reports, case series, reviews or not available in English.   

 

Study selection  

Study titles and abstracts were independently checked by two reviewers MBT and MC 

according to previously detailed selection criteria.  Duplicates were removed. Discrepancies 

were resolved through discussion. A third reviewer SM was available if needed. Full text 

articles were obtained for potentially eligible studies, which were independently reviewed, 

and studies which did not meet the described criteria were removed.   

  

 



                               

Data extraction and quality assessment.  

Relevant data was manually extracted from each paper with customised data extraction forms 

created using Microsoft Excel. These were tested and approved by the group prior to data 

extraction. For non-controlled/retrospective studies, we assessed quality using the Newcastle-

Ottawa Score. 19 

 

Registration and reporting 

The systematic review protocol has been registered with the International Prospective 

Register of Systematic Reviews (PROSPERO) CRD42023432473: 

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42023432473 

Within this protocol we had anticipated assessing risk of bias using the Cochrane ROB tool. 

However, this approach was amended during the review as both eligible studies were 

retrospective cohort studies, and the Newcastle-Ottawa score provided a better-quality 

assessment.  

 

Results 

Our initial database searches of Embase, Medline, Scopus, and Web of Science yielded 779 

studies (Figure 1).20 After removing duplicates (172), 607 unique articles were identified and 

reviewed by title and abstract. 603 articles were excluded following initial review, these 

articles did not meet inclusion criteria or were not relevant, i.e., were not related to a 

paediatric population, or hypocalcaemia in the setting of trauma. We identified 4 articles that 

met initial inclusion criteria. These 4 articles underwent full-text evaluation. 2 were excluded 

as they included patients who had received blood products prior to first calcium 

measurement. No new articles were identified from grey literature search, reference review or 



                               

following contact with experts. Our analysis therefore focused on 2 studies - Epstein 2022 

and Gimelraikh 2022 (Table 1). 21, 22  

 

 

Epstein et al. 2022, a retrospective cohort study, conducted in a level 1 trauma centre in 

Israel. There were 457 participants, with median age of 11 years, 78.3% male. Classification 

of hypocalcaemia was based on ionised calcium (iCa) levels: defining severe hypocalcaemia 

(iCa < 1 mmol/L), mild hypocalcaemia (iCa 1 mmol/L - 1.1 mmol/L), and normal calcium 

(iCa≥ 1.1 mmol/L).21 

Gimelraikh et al. 2022, a retrospective cohort study in a level 1 paediatric trauma centre in 

Israel. There were 111 participants, with median age of 11 years, 78% male. Classification of 

hypocalcaemia was based on iCa levels: defining severe hypocalcaemia (iCa < 1 mmol/L), 

hypocalcaemia (iCa 1 mmol/L - 1.16 mmol/L), and normal calcium (iCa 1.16 mmol/L - 1.31 

mmol/L).22 

 

Study quality  

Quality assessment was accomplished using the Newcastle-Ottawa-Score (NOS) as 

summarised in Table 2.19 Studies were evaluated on three domains, selection of the study 

groups; comparability of the groups; and ascertainment of the outcome of interest, with a 

Table 1 showing study characteristics. 

First Author, y Country  Study Design Sample Size Median Age, y (IQR) Male, % Definition Hypocalcaemia 

Epstein et al, 

2022 16 
Israel  Retrospective cohort 

Single trauma centre 
Adult and paediatric 

N = 457 
 

11 (6-15) 
 

78.3 
 

Severe hypocalcaemia iCa 
<1mmol/L 
Mild Hypcalcaemia iCa 
1mmol/L - 1.1mmol/L 
Normal Ca2++ ≥1.1mmol/L 
 

Gimelraikh et al, 

2022 17 
 

Israel Retrospective cohort 
Single trauma centre 
Paediatric Hospital  

N= 111 
 

11 (4-15) 
 

78 
 

Severe hypocalcaemia iCa 
<1mmol/L 
Hypcalcaemia iCa 1mmol/L - 
1.16mmol/L 
Normal Ca2++ 1.16mmol/L - 
1.31mmol/L 
 



                               

maximum score of nine. We assessed both studies to be of good quality based on this 

evaluation.  

 

Frequency of hypocalcaemia  

In Epstein et al. 24 individuals (5.2%) presented with hypocalcaemia, including three (0.7%) 

cases of severe hypocalcaemia. Gimelraikh et al. reported 22 (19.8%) hypocalcaemic cases 

including three (2.7%) cases of severe hypocalcaemia. Epstein et al. reported that the 

hypocalcaemic group was statistically older and exhibited higher Injury Severity Score (ISS) 

compared to their normocalcaemic counterparts.  

Both studies shared a common set of outcome measures, encompassing in-hospital  

mortality, length of hospital stay, length of Paediatric Intensive Care Unit (PICU) stay, and 

requirement for blood products. We will discuss these outcome measures below.  

 

Blood transfusion 

Both studies included blood transfusion as an outcome measurement, though differed in how 

this was defined. Epstein et al. as need for blood transfusion in ED and Gimelraikh et al. as 

blood transfusion within first 48 hours of hospital admission. 

 

Table 2. Quality assessment of included studies using Newcastle-Ottawa Score 
 

Study 

 

Selection 

 

Comparability 

 

Outcome 

 

 Representative 
of exposed 

cohort 
 

Selection of 
non-exposed 

cohort 
 

Ascertainment 
of exposure 

 

Demonstration 
that outcome 

of interest was 
not present at 
start of study 

 

Study 
controls for 

age and 
gender 

 

Study controls 
for injury 

characteristics 
 

Assessment 
of outcome 

 

Follow up 
long enough 

 

Adequacy of 
follow up 

 

Epstein 

 

* 
 

* 
 

* 
 

 * 
 

* 
 

* 
 

* 
 

 

Gimelraikh 

 

* 
 

* 
 

* 
 

 * 
 

* 
 

* 
 

* 
 

 



                               

Hypocalcaemia was associated with increased incidence of blood transfusion (29.2% vs. 

6.5%, p < .001) by Epstein et al. On performance of logistic regression model taking account 

ISS, paediatric shock index, lactate, and calcium as independent variables, patients with 

hypocalcaemia had a five-fold increase in blood transfusion [odds ratio 5.44 (95% CI: 1.44–

20.58, p = .01)].  

 

Gimelraikh et al reported an increase in hypocalcaemic patients requiring blood transfusion 

(27.3% vs 20.6%, p=0.67) compared with normocalcaemic patients but did not attain 

statistical significance.  

 

Mortality  

Both studies reported a trend towards increased mortality in hypocalcaemic participants 

compared to normocalcaemic participants, although neither demonstrated statistical 

significance. Epstein et al. showed more than a two-and-a-half-fold increase in in-hospital 

mortality between the hypocalcaemic and normocalcaemic groups (8.3% vs. 3.0%, p = 0.4). 

Likewise, in the Gimelraikh et al. study, the mortality rate for the hypocalcaemia group was 

9-fold higher than the normocalcaemic group (9.9% vs. 1.1% p=0.18).  

 

Length of Hospital and PICU Stay  

Epstein et al. showed higher length of hospital stay which was not statistically significant. 

There was no difference in length of PICU stay in the hypocalcaemic group (Table 3). 

Gimelraikh et al, showed both increased length of hospital and length of PICU stay in the 

hypocalcaemic group, although these results were not statistically significant.  

Table 3 Summary of key outcomes for included studies. 
First Author, y Hypocalcaemia, % 

(no of patients/total) 

Mortality, % (no 

of patients/total)  
Hypocalcaemia vs. 

normocalcaemia 

Need for Transfusion, 

% (no of patients/total) 
Hypocalcaemia vs. 

normocalcaemia 

Length of hospital stay, 

d 
Hypocalcaemia vs. 

normocalcaemia 

Length of PICU stay, d 
Hypocalcaemia vs. normocalcaemia 



                               

 

Other factors  

Both Epstein et al. and Gimelraikh et al. found a statistically insignificant higher Prothrombin 

Time (PT), ISS and reduced Glasgow Coma Scale in their hypocalcaemic cohort. 

 

Discussion 

 

Our systematic review aimed to critically assess and synthesise existing literature on the topic 

of hypocalcaemia in paediatric trauma patients. Despite a wide literature search for research 

in this area, there was a paucity of papers available. Through comprehensive analysis of two 

distinct retrospective studies conducted by Epstein et al. (2022) and Gimelraikh et al. (2022), 

insights into prevalence, clinical implications, and potential associations of hypocalcaemia in 

this specific population were elicited. 

 

The prevalence of hypocalcaemia ranged from 5.3-19.8%. Hypocalcaemia in paediatric 

trauma patients was associated with adverse outcomes, including an increased need for blood 

transfusion with a trend towards increased mortality and length of stay. However, statistical 

significance was not consistently achieved. This is different than what has been documented 

in adult studies, which have reported incidence of hypocalcaemia between 23-74% in adult 

trauma patients. Adult studies have also shown statistically significant associations between 

hypocalcaemia and mortality. 3,6,14  

 

Epstein et al, 

2022 21 
Severe: 0.7% (3/457) 
Mild: 4.6% (21/457) 
Total: 5.3% (24/457) 
 

8.3% (2/24) vs 
3% (13/433) 
P = 0.4 
 

29.2% (7/24) vs 6.5% 
(28/433) 
P <0.001 

7.5 vs 6 
P = 0.43 

2 vs 2 
P = 0.67 

Gimelraikh et 

al, 2022 22 

 

Severe: 2.7% (3/111) 
Total: 19.8% (22/111) 
 

9.1% (2/22) vs 
1.1% (1/89) 
P = 0.18 
 

27.3% (6/22) vs 20.2% 
(18/89) 
P = 0.67 

 

8 vs 6 
P = 0.36 

3 vs 2 
P = 0.43 



                               

No specific age adjustment for calcium measurements is available for paediatric patients, 

however, there is an acceptance that calcium levels are lower at birth and peak between the 

ages of 15 to 25.23 No extensive literature is available on the prevalence of hypocalcaemia in 

the general healthy paediatric populations however there is evidence showing that 

hypocalcaemia is prevalent in critically unwell children and close monitoring with correction 

beneficial.24, 25, 26  Interestingly, parallel to our findings in this review that the incidence of 

hypocalcaemia in paediatric trauma patients is lower than that reported in adult patients the 

same is mirrored  in the incidence of hypocalcaemia in critically unwell patients. Evidence 

shows that 50-88% of critically unwell adult patients have a low ionised calcium 27 whereas 

literature focusing on critically unwell children shows a lower incidence of 14-17.9%. 25, 26 

 

In one study of critically ill non-trauma children, there was  a statistically significant 

association between hypocalcaemia and mortality, although, it was noted that the 

hypocalcaemia cohort, had higher severity of illness, often secondary to sepsis and no 

causation between hypocalcaemia and mortality was suggested by the authors.24 Similarly, a 

recent study published in August 2023 looking at hypocalcaemia in the critically ill adult, 

remarked on a statistically significant association between hypocalcaemia and mortality. The 

authors proposed that hypocalcaemia was a response to clinical illness and reflected the 

extent of cell death and disease severity as opposed to the causative factor of clinical 

deterioration.27 

 

In our review we aimed to ascertain the prevalence of transfusion-independent 

hypocalcaemia on admission to hospital in paediatric trauma. A study assessing transfusion 

practices in paediatric trauma reported the incidence of hypocalcaemia in adolescents 

between 41-46%. This study was excluded from our review as it assessed hypocalcaemia as a 



                               

secondary outcome or complication of transfusion.28 We excluded two studies which 

included patients who had blood products transfused prior to first calcium measurement. 

Prevalence of hypocalcaemia in these studies were 46.5% and 47.9%.23, 29 These results may 

have been confounded by the effect of citrate containing blood products on calcium. 

 

Limitations 

This systematic review was limited by paucity of eligible studies. Only two studies were 

identified, both had relatively low numbers of patients with hypocalcaemia and raises the 

question whether the studies were of sufficient power to detect relevant outcomes. Due to 

several key inherent difference between the two studies, relatively small sample sizes and 

limitations in terms of bias performing a meaningful meta-analysis was not possible.  

 

Although retrospective studies contribute valuable insights to research, they inherently 

possess limitations that warrant consideration. Both studies relied on trauma registries for 

data collection, patients inadvertently not included in these registries may have been a 

potential source for selection bias. Additionally, excluding patients transferred from other 

facilities may have skewed analysis, the 111 patients included in Gimelraikh et al. are 

considerably outnumbered by the 1136 excluded due to being transferred from other 

facilities. Excluding these critically injured children might have affected overall 

understanding of outcomes. Retrospective studies are more vulnerable to confounding 

variables that can distort measured outcomes. The extended duration of data collection in 

these studies raises the possibility that changes in patient management over time may have 

influenced outcomes.  Both studies identified originated from Israel potentially limiting the 

application of their findings to other paediatric populations.  

 



                               

Our review is subject to potential publication bias, studies which did not find association 

between hypocalcaemia and outcomes, such as need for blood transfusion, mortality, or 

prolonged length of stay in paediatric trauma patients, may not have been published. 

Interestingly, it appears that this area of interest is emerging, all four papers in our full-text 

review were published between 2021 and 2023. 

 

Future Research 

We would recommend further studies on the role of hypocalcaemia in paediatric trauma 

patients, initially with a large multi-centre prospective or retrospective study reporting 

incidence and outcomes. Consideration should be given assessing the importance of 

hypocalcaemia pre and post transfusion and impact on outcomes. Finally, we would 

recommend a controlled trial to ascertain whether treatment of hypocalcaemia in paediatric 

trauma patients impacts outcome. Such a trial may prove difficult due to ethical approval and 

the large number of patients required given the low incidence of hypocalcaemia reported in 

our review.  

Conclusion 

In conclusion, our findings underscore a notable difference in the incidence of hypocalcaemia 

in paediatric trauma compared to the prevalence in adult populations. We cannot make 

definitive statements regarding the association between hypocalcaemia and critical outcomes 

such as increased mortality, blood transfusion requirements, coagulopathy, or the length of 

hospital or PICU stay. We acknowledge that hypocalcaemia has been identified as an 

independent predictor of mortality in adult populations and in critically ill paediatric patients, 

in addition to the role it plays in the intricate interplay of coagulopathy, acidosis, 

hypothermia, and cardiac contractility. 



                               

As such it is important to remain mindful of the potential impact of hypocalcaemia in 

paediatric trauma patients. We advocate for further prospective studies, encompassing larger 

and more diverse patient populations, to provide clearer understanding of the relationship 

between hypocalcaemia and critical outcomes. Such insights will guide the optimisation of 

patient management and ultimately improve patient outcomes. 

We believe that, to date, this is the most detailed and comprehensive systematic review 

undertaken to assess the subject of hypocalcaemia in trauma in a paediatric population. We 

have aimed to present a high-quality review to the highest international standards, using 

transparent methodology, exhaustive literature search, including grey literature and up-to-

date insights to deliver an authoritative stance on the current knowledge in this area.  
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Figure 1 showing PRISMA 2020 flow diagram. 


