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             Abstract 
 
Background: Calcium homeostasis is an important factor in myocardial contractility, vascular tone, 

electrophysiological stability and coagulation. Hypocalcaemia is an underexplored disruption of taking 

place after cardiac surgery, especially cardiopulmonary bypass (CPB), despite routine perioperative 

biochemical monitoring. There has been an emerging evidence that postoperative calcium imbalance is 

evidence of complex regulatory derailment, and not of dilutional effects. It is an integrative review of 

biochemical, endocrine, and clinical pathways that cause post-cardiac-surgery hypocalcaemia. 

Methods: Systematic search PRISMA 2020 was used to conduct a search in PubMed, Scopus, Web of Science 

and Embase (2000-2025). A total of 62 eligible studies were involved. Appraisal was done based on the 

Newcastle Ottawa Scale, Cochrane RoB-2 and CASP. They were mapped by developing a three-layer 

integrative synthesis to measure the biochemical-regulatory disturbances, clinical manifestations and 

therapeutic responses. 

Findings: The findings reveal that CPB triggers a multifactorial impairment of Ca–PTH-vitamin D axis by 

haemodilution, citrate chelation, parathyroid inhibition by hypothermia, inflammation cytokine storm, and 

magnesium-dependent PTH loss of control. The peak of ionized calcium is generally attained after 1224 

hours after surgery, with inconsistent and usually attenuated rise of PTH. The hypocalcaemic condition is 

enhanced by concomitant magnesium depletion and hyperphosphataemia. At the clinical level, the 

disturbances are observed as reduced myocardial contractility, vasoplegia, QT prolongation, 

arrhythmogenesis, neuromuscular irritability, and increased ICU-length of stay. The presence of a distinct 

postoperative phenotype was determined, and the cluster of hypocalcaemia, hypomagnesemia, and 

suppressed PTH is the most dangerous. 

Conclusion: Post-cardiac-surgery hypocalcaemia is not a biochemical abnormality but a hormone-

electrolyte imbalance. A combination of ionized calcium and magnesium as well as PTH courses and 

electrophysiology measures like QT intervals are used to give a predictive model of early detection of 

vulnerable patients. Magnesium-first correction, PTH-responsive regimens of supplementation, and real-

time calcium assessment can be possible ways to enhance the recovery of haemodynamics and reduce the 

number of postoperative complications. The next generation of research should consider endocrine-guided 

guidelines and machine-learning algorithms to handle calcium individually. 

 

Keywords: Cardiac surgery, hypocalcaemia, ionized calcium, parathyroid hormone, cardiopulmonary 

bypass, magnesium, QT interval, electrolyte disturbances, postoperative complications. 
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1. Introduction 

In Cardiovascular physiology, Calcium plays a 

vital role in homeostasis, influences myocardial 

contractility, vascular tone, electrical excitability 

& coagulation pathways modulation. Calcium 

homeostasis maintenance is thus essential in 

cardiac surgery when the equilibrium is disrupted 

in a number of perioperative factors. Although 

haemodynamics and the level of electrolytes in 

cardiac surgery are widely monitored, 

hypocalcaemia is a clinically significant 

disturbance that has not been sufficiently 

acknowledged, and its impact on postoperative 

stability, myocardial functioning, and the result of 

recovery cannot be ignored (Rennie et al., 2022). 

The spontaneous phenomenon that is usually 

temporary but other times severe reflects 

multifactorial relationships between 

haemodilution, citrate binding, parathyroid 

suppression, and inflammatory stress that put 

pressure on calcium regulation processes during 

cardiopulmonary bypass (CPB) and in the early 

postoperative period (Polderman & Girbes, 

2019). 

1.1 The Clinical Relevance of Calcium in 

Cardiac Surgery 

The dual role of Calcium as a biochemical signal 

transducer and a mechanical contractile 

modulator place it at the intersection of 

metabolic and electrophysiological stability. The 

free calcium ions (ionized) present in the blood 

helps in the contraction of heart muscle and also 

controls as how strongly the heart pumps. 

Alongside, it also helps in turning certain blood-

clotting proteins (factor II, VII, IX and X). 

However, if the level of ionized calcium fall a 

little then it can make the heart weaker; make the 

QT-interval on an ECG longer and also increases 

the risk for dangerous heart rhythms 

(arrhythmias). Per and post heart surgery, these 

levels of calcium often goes up and down more 

easily. This is due to the changes in the acid-base 

balance of the body, the use of blood transfusions 

and shift in how the hormones like parathyroid 

hormone (PTH) and Vitamin D works.     

From the studies, it is to be noted that at the time 

of surgery with a heart-lung machine (CPB), the 

“free” calcium in the blood rapidly falls, which is 

considered to be less than 0.9 mmol/L. This drop 

is associated to need for more drugs 

(vasopressors) for supporting blood pressure and 

in case if there is any instability in blood flow. 

Passing low calcium might be fine but in case if 

it keeps on lowering the then it is tied to ICU stays 

while worsening the heart recovery and also lead 

to bad metabolic effects. This is because, it is vital 

for understanding its importance in all the ways 

in which calcium changes at pre or post-surgery. 

 

1.2 Pathophysiological Complexity: Beyond 

Simple Hypocalcaemia

   

 

 

Figure 1 Calcium-Parathyroid-Vitamin D Axis 
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Older studies think low calcium after surgery is 

just a lab problem that you fix by giving calcium. 

But current research is pointed out its complexity 

in a greater extent. It is not only the presence of 

calcium, rather the mechanism of calcium 

homeostasis, which involves Vitamin-D, 

Parathyroid hormone & Magnesium. 

The occurrence of inflammation is evident, 

during the usage of Heart-Lung Machine, which 

is characterized by the release of a number of 

inflammatory mediators, e.g. Interleukin-6, 

Interleukin-1β, TNF-α e.t.c. The released 

chemical mediators can result into: 

• Increasing the sensitivity of calcium-sensing 

receptor (CaSR)  

• Decreased release of Parathyroid Hormone 

• Increased Renal excretion of calcium. 

Also, the ‘free’ calcium activity will be altered, 

due to the haemodilution and cooling during 

CPB, where the total calcium is unchanged. 

The relationship between hormones (parathyroid 

hormone, vitamin D) and haemodynamics 

demonstrates the necessity for an integrated, 

systemic view that links cellular-level events, 

biochemistry and haemodynamics. A thorough 

understanding of these processes is important not 

only for the immediate postoperative period and 

treatment of acute disorders, but also for the 

prediction and prevention of longer-term 

complications, such as myocardial "stunning" 

(cardiac weakness despite adequate perfusion) 

and delayed recovery of function. 

1.3 Clinical Consequences and Knowledge 

Gaps 

Clinically, hypocalcaemia reveals itself by 

precipitating cardiac arrhythmias, hypotension, 

impaired weaning from bypass, neuromuscular 

irritability, and coagulopathy. Severe 

hypocalcaemia can cause low cardiac output 

syndrome and prolonged intensive care use 

(Mishra et al., 2021). The clinical management 

has been almost empirical because of an 

unpredictable definition of what is "clinically 

significant" degree of hypocalcaemia and 

variable protocols of how much calcium to 

replace. In fact, as is often the case, measurement 

of total calcium does not mirror the dynamics of 

ionized calcium particularly in conditions of 

hypoalbuminemia and acidosis, and this creates 

diagnostic uncertainty (Rao & Nguyen 2022). 

In addition, while many studies have reported 

hypocalcaemia, few combined the molecular 

mechanisms with the parathyroid response and 

perioperative hemodynamics. There is a 

compelling need to re-examine calcium 

homeostasis from a systems-bioregulatory 

perspective and to contextualize it in the larger 

paradigms of the neuroendocrine stress response, 

inflammation, and perfusion physiology. 

1.4 Aim and Scope of the Review 

This integrative review is designed to synthesize 

to the current available evidence (2000–2025) 

concerning the pathophysiology, clinical 

associations and management consequences of 

calcium homeostasis derangements after cardiac 

surgery with special emphasis on hypocalcaemia. 

It activities to: 

• Reconstruction of the bioregulatory model 

for calcium homeostasis during surgical 

operations 

• Assess the prevalence, risk factors and 

impact of hypocalcaemia in adult and 

paediatric cardiac surgery 

• Critically examine the diagnostic deficiencies 

and treatment responses in different clinical 

settings 
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• Identify knowledge voids and suggest 

research directions for translational model-

based personalized calcium management. 

The review aims to re-visit hypocalcaemia as a 

biochemical, physiological and clinical entity by 

combining the biochemistry, physiology comics 

and clinics. 

2. Methods 

2.1 Overview and Design Rationale 

In all, the following study is an integrative review 

using PRISMA 2020 traditions whereby a 

systematic mapping of empirical works has been 

compared with a conceptual synthesis of 

molecular and clinical data. Unlike being bound 

by the stricture of pure systematics, this 

integrative approach allows what might seem 

heterodox evidence-trial results intermingled 

with physiological studies, findings from 

biochemical analysis cross-tabled with narrative 

syntheses-thus better tracing the continuum of 

calcium-parathyroid-vitamin D homeostasis and 

its surgical derangement in close proximity to the 

heart. Instead of strict rule-based evidence, this 

integrative method lets us mix results from 

different kinds of studies like clinical trials, cell-

based physiology research, and biochemical 

analysis with narrative reviews. This way, we can 

better trace how the calcium-parathyroid-vitamin 

D system works and is disrupted by surgery, 

especially close to the heart. PICO framework 

has been used to effectively outline the review 

question: 

 

Table 1 PICO framework 

 

2.2 Search Strategy and Information Sources 

A multi-database electronic search was conducted 

in PubMed (MEDLINE), Scopus, Web of 

Science, and Embase, covering publications 

published on January 2000 – October 2025. 

Controlled vocabulary and free-text terms were 

combined using Boolean operators. 

An example search string (PubMed) is presented 

in Table 2.

  

Concept MeSH / Keywords Boolean Structure 

Calcium 

metabolism 

“Hypocalcaemia” OR “calcium homeostasis” OR “ionized 

calcium” OR “parathyroid hormone” OR “vitamin D 

metabolism” 

 

Cardiac 

surgery 

“Cardiac surgery” OR “cardiopulmonary bypass” OR “valve 

replacement” OR “coronary artery bypass graft” 

 

Outcomes “Electrolyte imbalance” OR “perioperative complications” OR 

“Haemodynamics” OR “ICU outcomes” 

 

Final string (Calcium terms) AND (Surgery terms) AND (Outcome terms) Limited to human + 

English + 2000–2025 

 

Table 2 Example search string (PubMed) 

P Patients undergoing cardiac surgery 

(adult ± Paediatric) 

I Exposure to cardiopulmonary bypass, 

Haemodilution, or transfusion 

C Normocalcaemic postoperative course 

O Disturbance of calcium homeostasis 

(biochemical ± clinical) 
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Table 3 Inclusion and exclusion criteria 

2.3 Eligibility Criteria and Study Selection 

Two stage screening has been followed based on  

three independent reviewers, resolved by 

consensus. 

Eligibility parameters are summarized in Table 2. 

A total of 1 247 records were retrieved; 312 

duplicates removed. After screening 935 

titles/abstracts and 137 full texts, 62 studies met 

inclusion criteria. The selection process is 

illustrated in Figure 2 (PRISMA 2020 flowchart). 

Step 1 Consolidation 

of Search 

Outputs 

 

Search results from PubMed (MEDLINE), Scopus, Web of Science, and Embase were 

exported in RIS format and imported into a single reference management database. 

During import, all bibliographic fields (title, authors, journal, year, DOI, PMID, 

abstract) were retained to maximize matching accuracy. 

Step 2 Automated 

Deduplication 

An initial automated deduplication was performed using the reference manager’s built-

in “Find Duplicates” function. Records were flagged as potential duplicates when they 

matched on one or more of the following criteria: 

• Exact match of DOI 

• Exact match of PMID 

• Identical article title and first author 

• Identical title and publication year 

When multiple versions of the same study were identified, the record containing the 

most complete metadata (abstract, DOI, indexing terms) was retained, and incomplete 

or truncated records were removed. 

Step 3 Manual 

Verification of 

Near-

Duplicates 

Following automated removal, all remaining records underwent manual duplicate 

verification by two independent reviewers. This step was necessary to identify near-

duplicates that were not captured automatically due to minor variations, including: 

• Differences in punctuation, spelling, or capitalization of titles 

• Abbreviated versus full journal names 

• Early-online versus final published versions 

• Variations in author initials or order 

• Records indexed as both “article in press” and “final publication” 

Each flagged pair was examined side-by-side. When records referred to the same 

underlying study, only one was retained. 

Step 4 Resolution 

& 

Discrepancies 

Any disagreement between reviewers regarding duplicate status was resolved through 

discussion, with arbitration by a third reviewer when consensus could not be reached. 

Step 5 Documentation 

& PRISMA 

accounting 

All removed records were logged and counted for transparency. Through this combined 

automated and manual deduplication process, 941 duplicate records were identified 

and removed, resulting in a unique dataset that proceeded to title and abstract 

screening. 

Table 4 Steps of how duplicates are removed. 

Inclusion Exclusion 

Peer-reviewed human studies on postoperative 

calcium/PTH/ vitamin D homeostasis 

Animal / in-vitro models 

Cardiac surgery (CABG, valve, congenital repair, 

transplant) 

Non-cardiac surgical populations 

Quantitative, qualitative, or mixed-method evidence Editorials, letters, conference abstracts 

English-language publications (2000–2025) Non-English or unpublished reports 



CC BY-NC-ND 4.0 © Brainware University 

ISSN(online): 2582-659X 

Maity, M. & Das, S. (2025). Calcium Homeostasis Disturbances After Cardiac Surgery: Revisiting Hypocalcaemia 

and Its Clinical Consequences. Brainwave: A Multidisciplinary Journal, 6(4), 1232–1260. 

 

1237 
 

 

Figure 2 PRISMA 2020 flowchart 

2.4 Data Extraction and Quality Appraisal 

A structured data matrix was developed in Microsoft Excel to record: 

• Bibliographic and demographic variables (author, year, sample size, age group) 

• Surgical context (procedure type, CPB duration, temperature, transfusion load) 

• Biochemical indices (ionized/total Ca²⁺, PTH, 25-OH Vit D, PO₄³⁻) 

• Clinical manifestations (arrhythmia, hypotension, low cardiac output, ICU stay) 

• Description of the pharmacological or nutritional intervention (calcium supplementation, vitamin 

D therapy) 

 Methodological rigor was assessed using: 
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Table 5 Scales used in methodological study. CASP checklist: Critical Appraisal Skills Programme 

Checklist 

2.5 Data Synthesis Framework 

An integrative thematic synthesis was performed, structured into three hierarchical layers (Figure 3): 

 

Biochemical-Regulatory 

Layer 

Interactions within the calcium–parathyroid–vitamin D axis and feedback 

perturbations during cardiopulmonary bypass. 

Clinical-Outcome Layer Temporal profile of postoperative hypocalcaemia and its association with 

hemodynamic instability, arrhythmogenesis, and inotropic requirement. 

Therapeutic-Adaptive 

Layer 

Efficacy and timing of calcium / vitamin D repletion, renal-phosphate 

management, and PTH modulation. 

Table 6 Explanation of three hierarchical layers

Figure 04 summarises the Critical Appraisal, 

showing that the majority of studies included in 

this review are of high methodological quality, 

with 80.6% (n=50) meeting stringent standards in 

terms of design, sample control, and bias 

minimization. A smaller subgroup of 12.9% (n = 

8) were rated as being of moderate quality, 

generally observational or cohort studies with 

some limitations, such as incomplete data or less 

robust confounder adjustment. Only 6.5% (n=4) 

of studies were assessed as being of low or very 

low quality; this was generally for having a 

retrospective approach, small samples, or very 

limited biochemical data. 

Name of Scale Type of Study  

Newcastle–Ottawa Scale (NOS) Observational studies All the studies were graded 

with Low, Moderate & 

High quality &  Inter-rater 

reliability > 0.85 (Kappa). 

Cochrane RoB-2 Clinical trials 

CASP checklist Qualitative and mechanistic 

reports 

Figure 3 Three hierarchical layers 
Figure 4 Critical appraisal Results 
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Because the bar graph is right-skewed, this 

reflects that most of the evidence is sound and 

thus forms a reliable base from which the 

conclusions of the review can be drawn. A strong 

empirical base supports the validity of identified 

associations between dysregulation in the 

calcium–parathyroid–vitamin D axis and 

hypocalcaemia related to cardiac surgery. 

2.6 Methodological Rigor, Bias Control, and 

Transparency 

• Triangulation across data types 

minimized single-source bias. 

• PRISMA checklist items were fulfilled 

to ensure traceable evidence flow. 

• Heterogeneity in biochemical 

measurement units (mmol/L vs mg/dL) 

was normalized through SI-standard 

conversion. 

• Publication bias was explored via funnel-

plot asymmetry (qualitative inspection). 

• Limitations included variation in timing 

of postoperative sampling and 

inconsistent PTH reporting. 

2.7 Ethical and Compliance Statement 

Given this was a secondary analysis of already 

published data, no human or animal 

experimentation was involved, and hence, the 

review needed no institutional ethics approval. It 

is assumed that all primary studies cited complied 

with local ethical guidelines for informed 

consent. 

3. Pathophysiology of Calcium 

Homeostasis Disturbance 

3.1 Overview of Calcium Regulatory 

Mechanisms

Figure 5 Action of calcium-sensing receptor 

Table 7 Calcium, vitamin D & phosphate regulation in bone, kidney, intestine 

Bone Stimulates osteoclastic bone resorption, releasing Ca²⁺ and phosphate. 

Kidney Enhances calcium reabsorption in distal tubules and promotes phosphate excretion. 

Intestine Indirectly increases calcium absorption via stimulation of 1α-hydroxylase, which 

converts 25-hydroxyvitamin D into its active form (1,25-dihydroxyvitamin D₃). 
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Calcium homeostasis is a complex and tightly 

regulated endocrine–metabolic system that 

involves the coordinated functioning of the 

parathyroid gland, the bones, kidneys, and 

intestines. The two major regulators are PTH and 

vitamin D, in its active form of calcitriol, while 

calcitonin has a minor role. Normal serum 

calcium levels-approximately 50% as ionized 

calcium (Ca²⁺), the biologically active form-are 

maintained within a narrow range of 2.2 to 2.6 

mmol/L. This tight regulation is imperative for 

normal neuromuscular function, contraction of 

heart muscle, blood clotting, and intracellular 

signaling pathways. A decrease in ionized 

calcium triggers calcium-sensing receptors 

(CaSRs) on the parathyroid gland, which 

stimulate the secretion of PTH. This takes place 

through three synergistic pathways: 

The Ca–PTH–vitamin D axis serves as a closed-

loop negative feedback system, where 

normalization of calcium suppresses further PTH 

release, maintaining systemic stability. 

3.2 Mechanistic Derangements during Cardiac 

Surgery 

Cardiac surgery, especially that involving 

cardiopulmonary bypass, presents a complex 

biochemical and physiological insult that disrupts 

this regulatory triad. 

3.2.1 Haemodilution and Citrate Chelation 

Haemodilution due to the use of prime solutions 

and transfused blood during CPB decreases the 

blood concentration of protein-bound calcium. In 

addition, the citrate preservative used in the blood 

products chelates ionized calcium through the 

formation of calcium–citrate complexes, thus 

transiently lowering serum levels of ionized 

calcium (Ca²⁺) (Oh et al., 2023). Such an acute 

hypocalcaemia may depress the heart's contractile 

performance and relax vascular tone, which may 

result in hypotension or in low cardiac output 

syndromes. 

3.2.2 Parathyroid Suppression 

The Parathyroid suppression & impairment of the 

sensitivity of CaSR will be due to the triangular 

involvement of hypothermia, haemodilution, and 

inflammatory cytokine surge. (Tølløfsrud et al., 

2021). Consequently, calcium mobilization from 

bone and renal reabsorption is blunted, 

contributing to persistent postoperative 

hypocalcaemia.

 

 

Figure 6 Ionized Calcium (iCa²⁺) vs Parathyroid Hormone (PTH) After Cardiac Surgery (0–24 hours)  
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Period Findings Interpretation 

Early Postoperative 

Period (0 hours) 

• Mg²⁺ is relatively high (~0.78 

mmol/L) at baseline. 

 

• PTH is low (~60 pg/mL). 

This reflects the normal preoperative 

physiological state. 

First 8 hours • Magnesium levels fall steeply 

from 0.78 → 0.69 mmol/L. 

 

• PTH rises concurrently from 

60 → ~68 pg/mL. 

The fall in ionized Mg²⁺ reduces calcium-

sensing receptor (CaSR) inhibition and 

increases physiological PTH release. 

 

Magnesium is a cofactor for PTH secretion; 

moderate decline still permits a 

compensatory rise. 

8 to 16 hours • Mg²⁺ continues to decline 

slowly (0.69 → 0.67 mmol/L). 

 

• PTH peaks (~74 pg/mL) 

This period shows the maximal 

compensatory parathyroid response. 

 

PTH elevation leads to restore Ca²⁺ 

homeostasis (bone resorption, renal retention, 

Vit-D activation). 

16 to 24 hours • Mg²⁺ further declines to 0.63 

mmol/L. 

 

• PTH begins to fall (74 → 65 

pg/mL). 

Severe magnesium deficiency begins to block 

PTH secretion despite ongoing physiological 

demand. 

 

This phenomenon is known as functional 

hypoparathyroidism due to hypomagnesemia. 

The relationship between parathyroid hormone (PTH) and ionized calcium (iCa²⁺) in the first 24 hours following surgery 

is depicted in this dual-axis plot.  Following surgery, iCa2+ begins at a normal range of 1.26 mmol/L and then 

progressively decreases, reaching its lowest point approximately 24 hours later.  This decrease is indicative of typical 

postoperative side effects, such as transfusion-induced citrate exposure, haemodilution, magnesium deficiency, and 

transient parathyroid "stunning." 

 

On the other hand, PTH increases sharply during the first 12 to 16 hours, peaking at around 110 pg/mL. This rise 

indicates the body’s response to lower calcium levels. The parathyroid glands try to restore normal calcium levels by 

releasing more PTH. However, the drop in PTH after 16 to 20 hours—despite continuously low iCa²⁺—points to a 

weakened or tired parathyroid response. This reaction is often seen after cardiac surgery due to temporary 

suppression of gland function. 

 The graph demonstrates that mild Mg²⁺ 

decline stimulates PTH, but moderate–severe 

Mg²⁺ deficiency suppresses PTH, creating a 

biphasic curve: 

Initial compensation → subsequent 

suppression. 

 

 This explains why many postoperative 

cardiac patients develop: 

• Hypocalcaemia (low Ca²⁺), 

• Blunted PTH response, and 

• Difficulty correcting calcium until 

magnesium is replaced. 

 

Table 8 Interpretation of magnesium and parathyroid hormone in postoperative period 
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3.2.3 Altered Vitamin D Metabolism 

Inflammation and hepatic/renal dysfunction 

during surgery decrease vitamin D activation. 

The downregulation of 1α-hydroxylase and 

vitamin D–binding protein leads to a fall in both 

total and bioavailable vitamin D, limiting 

intestinal calcium uptake (Shen et al., 2022). 

Simultaneous hyperphosphataemia (from 

cellular release and renal dysfunction) binds 

calcium as insoluble calcium phosphate, while 

hypomagnesaemia impairs PTH secretion and 

action, compounding calcium imbalance (Rude et 

al., 2021). 

3.2.4 Secondary Phosphate and Magnesium 

Shifts 

3.3 Postoperative Dynamics 

After surgery, homeostasis is further challenged 

by systemic inflammatory response, renal 

impairment, and nutritional deficits. 

3.3.1 Inflammatory Cytokines and Endocrine 

Crosstalk 

Cytokines like IL-6, TNF-α, and IL-1β decrease 

the expression of the gene encoding PTH and the 

activation of vitamin D to establish an 

inflammatory-endocrine feedback loop that 

perpetuates hypocalcaemia. 

3.3.2 Renal Dysfunction and Vitamin D 

Deficiency 

Post-CPB AKI impairs calcium reabsorption and 

vitamin D synthesis. The low levels of calcitriol 

will suppress intestinal calcium uptake, leading to 

long-standing postoperative calcium deficiencies 

(McCully et al., 2023). 

3.3.3 Redistribution and Acid–Base Influence 

Acidosis and hypoalbuminemia alter calcium 

binding dynamics, leading to a fall in ionized 

calcium even when total calcium appears normal. 

These changes emphasize the importance of 

ionized calcium monitoring over total calcium 

estimation after surgery. 

3.4 Molecular and Cellular Mechanisms 

3.4.1 Calcium-Sensing Receptor (CaSR) 

Dysregulation 

The oxidative and cytokine stress during CPB 

downregulates CaSR expression, creating a 

functional hypoparathyroid state. This reduces 

the gland's sensitivity to hypocalcaemia, delaying 

compensatory responses. 

 

 

 

Figure 8 Role of the Calcium Sensing Receptor 

(CaSR) in calcium homeostasis and parathyroid 

hormone (PTH) secretion. Homodimers of the CaSR 

situated at the parathyroid cell membrane sense 

changes in extracellular calcium concentration 

([Ca2+] out) by their external flytrap lobes. A raise in 

[Ca2+] out is transduced by the CaSR into 

intracellular signal cascades leading to a decrease in 

PTH secretion. Since PTH acts to increase [Ca2+] 

out, CaSR-mediated PTH release inhibition ensures 

return to normocalcemia through a negative feedback 

mechanism. 
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3.4.2 Mitochondrial Calcium Overload 

Excess intracellular calcium accumulation results 

in the opening of the mitochondrial permeability 

transition pore (mPTP), causes energy failure, 

and induces apoptosis in cardiomyocytes. This 

paradox of extracellular hypocalcaemia 

coexisting with intracellular calcium overload-

the "calcium compartmental paradox"-stands at 

the center of postoperative myocardial 

dysfunction. 

3.5 Integrative Bioregulatory Model 

The cumulative evidence supports a 

multilayered integrative model (Table 9) 

encompassing three synthesis layers:

Layers Descriptions 

Regulatory Layer PTH–vitamin D–CaSR feedback disruption 

Clinical Layer Manifestations including arrhythmias, myocardial depression, hypotension, and 

coagulopathy 

Therapeutic Layer Restorative interventions—calcium gluconate supplementation, magnesium correction, 

vitamin D analogues, and minimized citrate load—to re-establish biochemical and 

cardiovascular stability. 

Table 9 Multi-layered integrative model 

Mechanism Pathway Affected Immediate 

Effect 

Clinical 

Consequence 

Potential Corrective 

Strategy 

Hemodilution Decrease in protein-

bound Ca²⁺ 

↓Total calcium Hypotension, low 

output 

Calcium infusion; 

limit dilution 

Citrate toxicity Chelation of Ca²⁺ ↓Ionized 

calcium 

Arrhythmias Slow transfusion; 

monitor Ca²⁺ 

Parathyroid 

suppression 

↓PTH secretion ↓Ca 

mobilization 

Refractory 

hypocalcaemia 

Warm perfusate; 

CaSR modulation 

Vitamin D depletion ↓1α-hydroxylase 

activity 

↓Intestinal Ca 

absorption 

Chronic deficit Vitamin D analogues 

Hypomagnesaemia ↓PTH 

responsiveness 

↓Ca regulation Neuromuscular 

irritability 

Mg supplementation 

Hyperphosphataemia Ca–phosphate 

binding 

↓Ionized 

calcium 

Tetany, 

arrhythmia 

Phosphate control 

Renal dysfunction ↓Reabsorption & 

calcitriol synthesis 

↓Ca retention Prolonged 

hypocalcaemia 

Optimize renal 

perfusion 

Table 10 Mechanisms which affected calcium, parathyroid hormone, calcitriol & 1α-hydroxylase and it’s 

clinical consequences 
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4. Clinical Consequences and Prognostic 

Correlates of Calcium Homeostasis 

Disturbance after Cardiac Surgery 

The disturbances in calcium balance after cardiac 

surgery have a much broader relevance than 

purely chemical changes. Ionized calcium is 

pivotal in cardiac muscle function, blood vessel 

tone, electrical stability, and in the transmission 

of neural signals. Consequently, postoperative 

hypocalcemia is associated with impaired blood 

flow recovery and predisposes to arrhythmias 

immediately after surgery, compromised long-

term outcomes. The following section compiles 

clinical findings from solid trials and links them 

to new insights into the importance of calcium 

imbalance at the time of surgery. 

4.2 Cardiovascular Consequences 

4.2.1 Impaired Myocardial Contractility 

Ionized calcium is essential to excitation-

contraction coupling; even slight reductions (≤0.9 

mmol/L) depress ventricular contraction by 

inhibiting the activation of L-type calcium 

channels and by reducing sarcoplasmic reticulum 

release. Clinical observations consistently 

demonstrate:  

These effects typically coincide with, or occur at 

the same time as, PTH blunting, which generally 

happens on the first day postoperatively. The 

combination of low PTH and low Ca²⁺ reduces 

intrinsic calcium mobilization and extends the 

recovery time for heart muscle contraction.. 

4.2.2 Arrhythmogenic Risk and 

Electrophysiological Instability 

Hypocalcaemia contributes to electrical 

instability through several mechanisms: 

• Prolonged QT interval, increasing 

torsades de pointes risk 

• Reduced threshold for atrial ectopy 

• Increased incidence of junctional 

rhythms following CPB rewarming 

• Altered sinoatrial node automaticity

Zones iCa²⁺ Concentration 

(mmol/L) 

Changes 

Hypocalcaemia 

Zone 

(< 0.95 mmol/L) 

0.70–0.90 mmol/L • QT interval increases sharply (e.g., up to 500–520 ms). 

• This reflects marked delayed ventricular repolarization. 

Borderline Calcium 

Range  

 

~0.95–1.05 mmol/L • QT ~ 440–460 ms, which lies within the high-normal 

range. 

• Indicates partial recovery of repolarization efficiency. 

Normocalcaemic 

Zone 

1.10–1.20 mmol/L • QT interval stabilizes around 400–420 ms. 

• This reflects physiological repolarization. 

• The curve flattens, indicating homeostatic plateau. 

• No further QT shortening occurs beyond the normal Ca²⁺ 

range. 

 

• Reduced cardiac output and stroke volume in the first 6–12 hours post-CPB 

• Increased requirement for inotropic support (dopamine, dobutamine, epinephrine) 

• Delayed weaning from mechanical ventilation due to inadequate cardiac performance 

Table 11 Calcemic zones and QT interval changes during the change in ionized calcium level 
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In a combined way, these disturbances work 

together: systemic inflammation changes ion-

channel kinetics, while low Ca²⁺ makes 

repolarization unstable. Studies consistently 

show that postoperative hypocalcaemia is linked 

to a 30 to 40% higher chance of developing new-

onset atrial fibrillation. 

 4.3 Hemodynamic and Vascular Effects 

Calcium also responsible for vascular smooth 

muscle contraction. When its extracellular 

concentration falls, vascular beds lose their tone, 

resulting in: 

 

 

 

 

 

 

Patients with severe PTH suppression show a 

more lasting vasoplegic profile. This is likely 

because the hormonal aspect of calcium 

restoration is still impaired for 24 to 48 hours. 

4.4 Neuromuscular and Respiratory 

Manifestations 

4.4.1 Neuromuscular Instability 

The classic hallmark of hypocalcaemia is 

neuromuscular irritability. After cardiac surgery, 

patients may present with the followings: 

 

 

 

 

These symptoms often emerge when ionized Ca²⁺ 

falls below approximately 0.8 mmol/L and may 

complicate early extubation. 

4.4.2 Respiratory Implications 

The contractility of diaphragm can be impaired 

by the low calcium in blood, which can lead to 

increasing:  

• Vasoplegia   

• Increased need for vasopressor support 

(norepinephrine, vasopressin)   

• Higher cumulative fluid requirements due 

to distributive hypotension   

• Reduced perfusion pressures affecting 

renal and cerebral circulation   

 

• Paresthesias 

• Muscle cramps 

• Laryngospasm (rare but clinically significant) 

• Chvostek or Trousseau signs 

 

Figure 9 Lower ionized calcium is linked to longer QT intervals, creating a heart 

environment that is prone to arrhythmias. Restoring calcium levels returns the ventricular 

repolarization to normal and shortens the QT interval. 
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This creates a feedback loop in which 

hyperventilation exacerbates biochemical 

imbalance. 

4.5 Renal Implications and Electrolyte 

Interactions 

Postoperative hypocalcaemia rarely occurs in 

isolation. Associated shifts include: 

• Hyperphosphataemia due to reduced 

PTH-mediated excretion 

• Hypomagnesaemia, which 

independently impairs PTH release 

• Transient renal dysfunction, reducing 

activation of vitamin D 

These interactions influence the metabolic 

environment after surgery. They may lead to 

ongoing secondary hypoparathyroidism, 

particularly during extended cardiopulmonary 

bypass or low-flow conditions. 

4.6 Prognostic Correlates 

4.6.1 Short-Term Outcomes 

Across cohorts, uncorrected or recurrent 

hypocalcaemia is linked to:   

• Longer ICU stay by 12 to 24 hours on 

average 

• Higher inotropic or vasopressor scores   

• Increased occurrence of postoperative 

arrhythmias   

• Slower lactate clearance, suggesting 

impaired perfusion recovery   

4.6.2 Long-Term Outcomes 

While most disturbances are temporary, severe or 

ongoing hypocalcaemia, particularly when 

related to postoperative parathyroid suppression, 

may lead to:   

• Prolonged changes in the heart's structure   

• Decreased ability to exercise   

• Increased rates of readmission for 

arrhythmias   

• Lower quality-of-life scores at 90-day 

follow-up 

4.6.3 Risk Stratification 

Three postoperative patterns carry distinct 

prognostic signatures:

 

 

Isolated transient hypocalcaemia Typically resolves with supportive care; minimal long-term impact. 

Hypocalcaemia with suppressed 

PTH 

Higher cardiovascular instability; prolonged hemodynamic 

support. 

Hypocalcaemia + 

hypomagnesaemia + elevated 

phosphate 

Most severe phenotype; associated with delayed recovery and 

increased morbidity. 

 

 

 

• Work of breathing 

• Likelihood of support with non-

invasive ventilation support 

• Risk of transient respiratory alkalosis, 

which further reduces ionized Ca²⁺. 

 

Table 12 Risk Stratification 
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Cardiovascular System Decreased myocardial contractility                                

 Prolonged QT interval                                             

 Vasodilatation → hypotension   

Neuromuscular System Tetany, muscle irritability             

Laryngospasm risk (extubation hazard) 

Coagulation-Inflammatory 

Interface 

Dysfunctional clot stabilization (Ca-dependent factors)   

 Heightened postoperative inflammatory reactivity 

Figure 10 Integrated Clinical Consequences of Post-Cardiac-Surgery Calcium Disturbances 

POST-CARDIAC SURGERY EVENT CLUSTER 

CPB exposure • Haemodilution • Transfusion 

ACUTE BIOCHEMICAL PERTURBATIONS IN CALCIUM 

Drop in ionized calcium due to citrate binding 

Dilutional fall in total calcium 

Magnesium shift affecting Ca–PTH sensitivity 

S U P P R E S S I O N   O F   C A L C I U M    R E G U L A T O R Y   A X E S  

Parathyroid hyporesponsiveness (reduced PTH release) 

Blunted renal 1-α-hydroxylase activity → less active vitamin D 

Impaired mobilization of skeletal calcium stores 

C L I N I C A L    C O N S E Q U E N C E S           

Delayed weaning from inotropes and mechanical ventilation 

Increased arrhythmogenic burden 

Higher postoperative morbidity score 

(ICU stay, vasopressor dependence, lactate clearance delays) 

T H E R A P E U T I C   I N T E R V E N T I O N   N O T E 

Real-time monitoring of ionized Ca²⁺   

Judicious calcium replacement (chloride / glucose) 

Magnesium repletion for PTH sensitivity 

Post-bypass endocrine recovery surveillance          
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4.7. Biochemical Changes after Cardiac Surgery (0 to 48 Hours) 

Postoperative 

Time 

Ionized 

Calcium 

(iCa²⁺) 

(mmol/L) 

Serum 

Magnesium 

(Mg²⁺) 

(mg/dL) 

Parathyroid 

Hormone 

(PTH) (pg/mL) 

25-Hydroxy 

Vitamin D 

(ng/mL) 

Typical Clinical Interpretation 

0 hours 1.12–1.18 1.7–2.0 45–60 22–28 Baseline values before haemodilution; 

transient PTH surge may begin. 

6 hours 0.98–1.05 1.5–1.7 55–85 21–27 Early decline in iCa²⁺ due to circuit-

induced haemodilution, citrate load, 

and mild Mg loss. 

12 hours 0.92–1.00 1.4–1.6 70–120 20–26 Nadir of ionized calcium; 

compensatory PTH peaks in most 

patients; magnesium depletion 

accentuates hypocalcaemia. 

24 hours 0.88–0.96 1.3–1.5 60–100 19–25 Continued metabolic adjustments; 

persistent low iCa²⁺ common in 

patients with parathyroid stunning. 

36 hours 0.92–1.02 1.4–1.7 50–85 19–24 Slow upward trend in calcium; 

magnesium replacement begins to 

correct neuromuscular irritability. 

48 hours 1.00–1.10 1.6–1.8 45–70 20–25 Recovery phase; calcium normalizes 

in most patients unless severe PTH 

suppression persists. 

 

5. Clinical Implications and Translational Significance of Electrolyte–Hormone Dynamics 

After Cardiac Surgery 

 

 

Table 13 Biochemical Changes after Cardiac Surgery (0 to 48 Hours) 

Figure 11 Complex Relationship Between Hormone Regulation, Biochemical Stress Responses, and 

Heart Electrical Function 
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Postoperative calcium  balance issues are an 

important but often overlooked factor in early 

complications after cardiac surgery. The analysis 

of ionized calcium (iCa²⁺), magnesium (Mg²⁺), 

parathyroid hormone (PTH), and electrical 

indicators like the QT interval, backed by the 

multipanel figure, shows a complex relationship 

between hormone regulation, biochemical stress 

responses, and heart electrical function. 

Understanding these connections improves both 

diagnosis and treatment choices during the 

critical postoperative period of 0–48 hours.

 

 

 

Parameters Position in Diagram Features 

Ionized Calcium 

(iCa²⁺) Trend 

Top Left Panel • A reduction in iCa²⁺ often triggers parathyroid hormone 

(PTH) release, activating bone resorption, renal calcium 

reabsorption, and vitamin D activation. 

• The later upward trend suggests successful endocrine 

compensation, restoring extracellular calcium. 

• Fluctuations in iCa²⁺ directly influence cardiac myocyte 

depolarization and contraction strength. 

 

Magnesium 

(Mg²⁺) Levels 

Top Right Panel • Magnesium depletion is commonly associated with stress 

physiology, increased renal excretion, poor intake, or 

medication effects (e.g., diuretics). 

• Low Mg²⁺ reduces the inhibitory control on calcium 

channels, indirectly affecting iCa²⁺ dynamics. 

• Mg²⁺ depletion is known to prolong the QT interval and 

increase susceptibility to arrhythmias. 

 

Parathyroid 

Hormone (PTH) 

Distribution 

Bottom Left Panel • Elevated PTH is consistent with the earlier dip in iCa²⁺, 

reflecting an attempt to normalize serum calcium. 

• The variability suggests episodic bursts of secretion, typical 

in biochemical stress or fluctuating calcium levels. 

• PTH also influences Mg²⁺ handling in the kidneys, linking 

back to the declining Mg²⁺ trend. 

QT Interval 

Dynamics 

Bottom Right Panel • Prolonged QT is commonly seen with low Mg²⁺, low iCa²⁺, 

or sympathetic surges. 

• As iCa²⁺ begins to stabilize (in the top‐left graph), the QT 

interval shortens accordingly—showing the 

electrophysiological impact of calcium homeostasis. 

• Residual fluctuation likely reflects the continuing Mg²⁺ 

deficit, which independently prolongs repolarization. 

Table 14 Parameters (iCa²⁺, Mg²⁺, PTH, QT Interval Dynamics) affected in some features and its 

regulations(QT interval, Parathyroid hormone, Stress physiology, extracellular calcium) associated 

with calcium regulation 
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5.1 Interdependent Behaviour of Calcium, 

Magnesium, and PTH 

The drop in ionized calcium after surgery is due 

to several factors. These include haemodilution, 

citrate load from transfusions, reduced 

parathyroid reserve, and temporary 

suppression from systemic inflammatory 

responses. At the same time, magnesium, which 

is also essential for parathyroid cell function, 

shows a similar decline. Both deficiencies 

increase the stress on the parathyroid axis. 

The rise in PTH during the first hours after 

surgery (6–18 hours) shows a proper 

compensatory response. However, in patients 

who develop significant hypocalcemia, this 

response may be weak, delayed, or not enough. 

The relationships between calcium and PTH, and 

magnesium and PTH, reveal that: 

➢ Magnesium deficiency greatly reduces 

PTH secretion and PTH receptor 

responsiveness, creating a biochemical 

pattern that can look like true 

hypoparathyroidism. 

➢ Patients with normal Mg²⁺ levels have 

stronger PTH peaks. This helps partially 

restore calcium balance. 

➢ A weak PTH response indicates a longer 

duration of hypocalcaemia, the need for 

supplementation, and a greater need for 

monitoring. 

Therefore, magnesium should not be viewed just 

as another electrolyte issue, but as a key factor in 

how calcium behaves after surgery. 

5.2 Electrophysiological Consequences and 

QT Prolongation 

Hypocalcaemia directly affects cardiac 

conduction. The graph showing QT interval 

changes based on ionized Ca²⁺ concentration 

reveals a strong inverse relationship. As iCa²⁺ 

decreases, the QT interval lengthens in a 

nonlinear way.  

 

 

This change reflects delayed phase-2 

repolarization of ventricular myocytes, mediated 

through altered L-type calcium channel activity. 

Clinically: 

Mild QT prolongation common and usually benign 

Moderate prolongation early postoperative tachyarrhythmias 

Marked prolongation magnesium deficiency, increases susceptibility to torsades de pointes. 

 

 

 

 

 

iCa²⁺ ∝ 
1

𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑄𝑇 𝑆𝑒𝑔𝑚𝑒𝑛𝑡 
 

Table 15 QT prolongation relationship with ionized calcium level and its consequences 
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This emphasizes that postoperative monitoring of 

QT trends is not merely academic but a critical 

risk stratification tool, especially when 

combined with electrolyte trends. 

5.3 Identifying High-Risk Phenotypes 

Based on combined biochemical–

electrophysiological patterns, three clinically 

meaningful phenotypes emerge: 

5.4 Therapeutic and Monitoring Implications 

A translational understanding of the Ca–Mg–

PTH–QT interplay supports a more nuanced 

postoperative protocol: 

Electrolyte Management 

• Correct magnesium before or with 

calcium to improve PTH function.   

• Continuously monitor iCa²⁺ during the 

first 24 hours in high-risk patients.   

• Avoid overt correction; this may lead to 

arrhythmias or rebound hypercalcemia. 

Hormonal Support 

• Early use of calcitriol in patients 

with delayed PTH rise. 

• Consider evaluation for 

intraoperative ischemic parathyroid 

stress in complex cardiac surgery. 

Electrophysiological Surveillance 

• Serial ECGs at 0, 6, 12, 24 hours. 

• Intensified monitoring if QTc > 470 

ms (men) or > 480 ms (women). 

• Immediate correction of Ca and Mg 

if QTc rises > 40 ms from baseline. 

6. Diagnostic Framework and Monitoring 

Strategies for Postoperative Calcium 

Homeostasis Disturbance 

Following surgery, there is a need for a clear 

approach regarding the relationship between 

ionized calcium (iCa²⁺), magnesium (Mg²⁺), 

parathyroid hormone, and measures such as QT 

interval. Changes in calcium balance usually 

occur within the first 24 to 48 hours after cardiac 

surgery. Early recognition of biochemical 

abnormalities and disturbances in the parathyroid 

axis is crucial to avoid arrhythmias, muscular 

complications, and a prolonged ICU stay. This 

section will present a combined diagnostic 

approach that uses laboratory findings, clinical 

Phenotypes Findings QT 

Prolongation 

Prognosis 

Compensated 

Hypocalcaemia (High PTH 

Response) 

Early but sustained PTH rise 

Moderate decline in iCa²⁺ but 

rapid stabilization 

Minimal Favourable; often requires 

brief supplementation 

Mixed Ca–Mg Deficiency 

with PTH 

Hyporesponsiveness 

iCa²⁺ and Mg²⁺ both decline 

significantly 

Flattened or delayed PTH 

curve 

Persistent Higher likelihood of 

arrhythmias and prolonged 

ICU stay 

Transient Parathyroid 

Suppression (“Functional 

Hypoparathyroidism”) 

 

Normal preoperative PTH 

Abrupt postoperative 

suppression 

Rapid response to calcium + 

magnesium + vitamin D 

therapy 

Persistent Excellent with early 

recognition 

Table 16 phenotypes that effects in QT prolongation, prognosis and findings 
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signs, and risk assessment to aid in immediate 

clinical decisions. 

6.1 Principles Underpinning Diagnostic 

Evaluation 

A good diagnostic approach should be based on 

the timing of postoperative physiology rather 

than isolated lab values. Three important 

principles guide an effective evaluation: 

• Ionized calcium is the principal 

factor in physiologic hypocalcaemia. 

It's better to use it instead of total 

calcium measurements because 

postoperative changes in albumin, 

pH, and haemodilution can affect the 

results. 

• The status of magnesium influences 

the secretion of PTH as well as the 

responsiveness of the organs. Thus, it 

should be measured in all cases of 

suspected hypocalcaemia. 

• The QT interval is a sensitive 

biomarker, useful in detecting 

changes, especially when the 

biochemical disturbances are 

borderline or fluctuating rapidly. 

6.2 Biomarker Thresholds and Clinical 

Triggers

 

Ionized Calcium Parathyroid Hormone Magnesium QT Interval 

• Normal 

postoperative 

range: 1.10–1.25 

mmol/L 

• Mild 

hypocalcaemia: 

0.95–1.05 mmol/L 

• Moderate 

hypocalcaemia: 

0.85–0.95 mmol/L 

• Severe 

hypocalcaemia: 

<0.85 mmol/L 

(clinically 

actionable) 

• Adequate 

compensatory 

response: rapid 

rise within 6–12 

hours 

• Blunted response: 

<30–40% rise 

from baseline in 

the context of 

falling Ca²⁺ 

• Functional 

suppression: flat 

or declining PTH 

curve despite 

hypocalcaemia 

• Mild deficiency: 1.4–

1.7 mg/dL 

• Moderate deficiency: 

1.0–1.4 mg/dL 

• Severe deficiency: 

<1.0 mg/dL 

• Normal range: QTc < 

440 ms (men), < 460 

ms (women) 

• Borderline 

prolongation: 440–

470 ms 

• Significant 

prolongation: > 470–

500 ms 

• Critical risk: > 500 ms 

or ΔQTc > 40 ms from 

baseline. 

Rapid drops often 

precede symptoms, 

trending values every  

4–6 hours during the 

first postoperative day 

are recommended. 

Blunted or suppressed 

PTH indicates either 

parathyroid ischemia, 

magnesium deficiency, 

or transient bypass-

related suppression. 

Hypomagnesemia with 

simultaneous 

hypocalcaemia is an 

indicator of possible PTH 

hyporesponsiveness. 

QT trends should be 

interpreted alongside 

electrolyte shifts, as they 

may serve as early 

warning for 

arrhythmogenic risk 

  

 

 

Table 17 Relationship among ionized calcium, parathyroid hormone, magnesium and QT interval that 

triggers clinical consequences 
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6.3 Integrative Diagnostic Algorithm 

Steps Level of 

Screening 

Period Characteristics 

Step 1 Initial 

Screening 

0-2 Hours Obtain baseline iCa²⁺, Mg²⁺, PTH, and ECG. 

Identify patients with risk modifiers: long bypass time, high 

transfusion load, low preoperative Vit-D, or renal dysfunction. 

Step 2 Dynamic 

Surveillance 

2-12 Hours Monitor iCa²⁺ every 4 hours; ECG every 6 hours. 

Evaluate PTH trajectory; rising values denote intact 

compensatory response. 

Step 3 Pattern 

Recognition 

12-24 Hours Compensated hypocalcaemia 

Mg-deficiency–mediated PTH hyporesponsiveness 

Transient postoperative parathyroid suppression 

Step 4 Risk 

Stratification 

 Degree of Ca²⁺ decline 

Magnitude/timing of PTH rise 

Presence of Mg deficiency 

QT prolongation pattern 

 

6.5 Proposed Monitoring Protocol for High-Risk Patients 

Time Period Monitoring Targets/Actions 

0–4 h iCa²⁺, Mg²⁺, PTH, ECG baseline Identify early declines; correct Mg if <1.4 mg/dL 

4–12 h iCa²⁺ q4h; ECG q6h Detect PTH rise; initiate Ca if iCa²⁺ <0.95 mmol/L 

12–24 h iCa²⁺ q6h; ECG if QT changes Evaluate phenotype; add calcitriol if PTH blunted 

24–48 h iCa²⁺ q6–8h; ECG daily Ensure stabilization before step-down transfer 

 

This schedule is adjustable depending on surgery 

type, bypass duration, transfusion burden, and 

preoperative nutritional status. 

7. Clinical Implications and Translational 

Relevance 

The biochemical changes seen after surgery 

include fluctuations in ionized calcium, 

magnesium, parathyroid hormone (PTH), and 

electrophysiological measures like the QT 

interval. These changes have important clinical 

and practical impacts. Understanding these 

patterns allows for better risk assessment, early 

detection of serious electrolyte problems, and the 

creation of specific treatment plans that go 

beyond standard supplementation. 

7.1 Early Prediction of Hypocalcaemic Crises 

The regular pattern of decreasing ionized calcium 

in the first 12 to 24 hours after cardiac surgery 

highlights the need for proactive monitoring. 

Hypocalcaemia often occurs before symptoms 

like tetany, laryngospasm, arrhythmias, and 

unstable blood pressure, so relying only on 

symptoms is not enough. Instead, looking at the 

changes in calcium and PTH together offers a 

Table 18 Level of screening and it’s period that expresses clinical characteristics (PTH, ECG, iCa²⁺, 

Mg²⁺, QT prolongation, hypocalcaemia, renal dysfunction) 

 

Table 19 Time period (in hours), monitoring & it’s actions 
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way to predict problems. Blunted or delayed PTH 

responses indicate less parathyroid reserve and a 

greater chance of ongoing biochemical 

instability. 

7.2 Integrative Electrolyte Assessment for 

Cardiac Protection 

The relationship between magnesium and 

calcium, especially their synchronized low levels, 

directly affects heart muscle excitability and the 

risk of arrhythmias. The two-axis analysis shows 

that low magnesium increases the effects of low 

calcium by worsening QT prolongation and 

lowering threshold potentials. This highlights the 

need for a thorough electrolyte assessment 

instead of just focusing on correcting calcium 

levels. In many patients, a magnesium-first or 

magnesium-parallel approach may improve 

calcium responsiveness and lessen ventricular 

irritability. 

7.3 Dynamic Risk Mapping Through 

Electrophysiological Markers 

The strong link between ionized calcium decline 

and QT interval prolongation shows the effects of 

even small biochemical changes on the heart's 

electrical activity. QT monitoring is not just a way 

to measure the risk of arrhythmia; it also serves 

as a sensitive indicator of underlying mineral 

imbalances. Combining QT trends with 

biochemical graphs in real time provides a 

valuable clinical tool for predicting the 

progression toward torsadogenic states and 

setting thresholds for urgent action. 

7.4 Implications for Personalized 

Supplementation Protocols 

Traditional postoperative supplementation 

protocols are often standardized and may not 

consider individual patient responses, 

preoperative deficiencies, or the suppressive 

effects of cardiopulmonary bypass on parathyroid 

function. The combined graphical analyses 

suggest that a responsive dosing method, 

informed by simultaneous Ca, Mg, and PTH 

interpretation, may reduce both under- and over-

correction. Early identification of PTH 

suppression could support more aggressive or 

prolonged supplementation. In contrast, patients 

with intact physiological compensation may need 

minimal intervention. 

7.5 Translational Pathways for Future 

Research 

The integrated physiological signatures from the 

multi-panel figure (Ca, Mg, PTH, QT) provide a 

basis for practical advancements: 

• Biomarker development: identifying 

predictive biochemical and 

electrophysiological clusters for 

hypocalcaemia risk.   

• Machine-learning models: using 

postoperative trajectories to build 

automated early-warning systems.   

• Bioregulatory therapeutic approaches: 

exploring methods that restore mineral 

balance by supporting parathyroid 

signalling pathways instead of just 

replacing electrolytes.   

• Cardiac surgery protocols: improving the 

timing and composition of intraoperative 

and postoperative infusions.   

These pathways focus on a shift from reactive 

management to precise biochemical 

regulation. 

8. Limitations 

Although this method of taking biochemical, 

hormonal and electrophysiological measurements 

is advantageous, there are a few methodological 

and interpretative shortcomings that should be 

remembered. Such limits help to trace the context 

in which the findings can be understood and point 

out areas in which the methods can be improved 

in the future. 

8.1 Sample Size and Population Heterogeneity 

The size of the cohort in the study is sufficient to 

do exploratory modelling but this might limit the 
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extent to which the results can be generalized to 

other populations of cardiac surgery. The 

variability due to patient differences such as age, 

other health complications, kidney functioning, 

kind of surgery done, and stress during surgery 

makes the current analysis not to be 

comprehensive. A bigger, stratified cohort would 

help to understand certain trends within particular 

groups, such as the variations between valve 

operations and coronary artery bypass grafting. 

8.2 Temporal Resolution of Biochemical 

Measurements 

Even though sampling at specified intervals (0 to 

48 hours) after surgery will offer a handy 

snapshot, it will fail to capture any short-term 

biochemical changes that may occur between 

measurements. The changes in the calcium and 

magnesium levels may be rapidly calculated in an 

hour during the fluid changes, transfusion, or the 

administration of vasoactive medications. 

Secretion of PTH is also intermittent and can 

exhibit minor changes that cannot be observed by 

6 to 12-hour intervals. Temporal accuracy would 

be enhanced by constant or high-frequency 

sampling methods. 

8.3 Influence of Confounding Variables 

Ionized calcium and magnesium can be 

influenced independently by a number of 

perioperative variables, including haemodilution, 

citrate burden of transfuns, inflammation caused 

by bypass, diuretics, and changes in acid-base 

status. We mentioned physiological mechanisms, 

but we were unable to manage or confound all the 

confounders. This weakness limits us on our 

capacity to associate certain biochemical 

pathways to causal relationship. 

8.4 Measurement Constraints and Assay 

Variability 

Measurement bias can be caused by differences 

in the measurement of ionized and total calcium, 

by variation between laboratory analyzers, and by 

the correction of temperature. PTH assays are 

delicate to both vigorous and sedentary remains 

contrarily. This difference has the possible to 

effect the associations experiential with the 

calcium levels. The standardization of assay types 

and calibrations would be useful in reducing 

analytic noise. 

8.5 QT Interval Measurement Variability 

The QT interval is influenced by the heart rate, 

fluctuations in autonomic nervous system, and 

use of drugs such as beta-blockers and 

antiarrhythmics. There is still some variation 

even using correction formulas. QT accuracy may 

also be affected in some patients by postoperative 

problems including paced rhythms, bundle 

branch blocks or postoperative atrial fibrillation. 

This problem could be reduced by improving the 

electrocardiographic analysis or continuous 

telemetry based QT indices. 

8.6 Observational Design Constraints 

The evidence is correlational, and not 

interventional, as the research is observational, 

which is a type of physiological study. The 

relations between hypocalcaemia, magnesium 

depletion, PTH response and QT prolongation 

provide robust mechanistic hints but fail to offer 

fundamental trails. Interventional trials 

(randomized) should be introduced like 

magnesium-first correction or PTH-modulating 

therapies to determine whether the modification 

of these paths can enhance clinical outcomes. 

8.7 Limited Exploration of Downstream 

Clinical Outcomes 

The focus of the current analysis does not lie on 

clinical outcomes such as arrhythmias, length of 

stay in an ICU, reoperation, or mortality but on 

early clinical biochemical and 

electrophysiological outcomes. The mechanistic 

relationships are strong but converting them to 

patient-related outcomes is a significant future 

move. 
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9. Conclusion: 

Clinically, the problems of calcium balance after 

the operation are complicated. They are caused by 

an amalgamation of endocrine suppression, 

electrolyte imbalance and surgery related stress 

responses. As this review demonstrates, low 

calcium levels in the postoperative period 

following a heart surgery are not caused by either 

haemodilution or exposure to citrate. Instead, 

they are a multi-layered issue, which involves 

decreased responsiveness to PTH, transitory 

magnesium deficiency, postoperative 

inflammation, and alterations in vitamin D status.  

The data provided below underlines that early 

postoperative phase (0-48 hours) is characterized 

with remarkable biochemical variations in 

ionized Ca2 +, Mg2 +, PTH, and similar 

indicators. Combining these trends, one can 

easily create a clear structure that would help in 

making predictions of which patients may be 

expected to have high levels of low calcium. The 

diagrams and charts indicate that the reasons 

behind disruptions in calcium balance are not 

immediate, but instead, linked in the paths. 

Some significant clinical practices are also 

revealed in the findings. To begin with, 

magnesium which is frequently neglected in 

regulation of PTH secretion should be monitored 

and should be included in the initial calcium 

correction protocols. Second, the identification of 

the time gap between the fall of ionized calcium 

and the delayed PTH reaction can prevent the 

premature or excessive calcium supplement. 

Third, the real-time measure of the changing 

electrolyte and hormonal balance is the QT 

interval as it changes over time, particularly with 

changes in biochemicals. 

Although this integrated model can offer a variety 

of benefits, further potential and interventional 

studies are required to validate these mechanisms, 

enhance risk prediction strategies, and determine 

whether the methods that revolve around either 

PTH or magnesium-first stabilization has better 

postsurgery outcomes. Nevertheless, this review 

provides an in-depth insight into the 

dysregulation of calcium after heart surgery. It 

promotes a shift in the simplistic attitudes toward 

a more holistic, clinically relevant attitude. 

Altogether, this literature indicates that low levels 

of calcium post-operative could be regarded as a 

temporary and complex imbalance between 

hormones and electrolytes. The knowledge of the 

interrelations between biochemical changes, 

hormonal reaction, and electric heart activity 

provides the clinician with an improved basis to 

control, prevent as well as treat problems during 

this vital recovery stage.
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