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Background: Low serum calcium (hypocalcemia) occurs in sickle cell anaemic (SCA) children. Concomitant presence of prolonged corrected
QT (QTc) interval on electrocardiogram can ascertain hypocalcemia, especially during vaso-occlusive painful crises (VOC). Aim: The aim of
the study was to determine the relationship between hypocalcemia and VOC. Methods: It was a prospective cohort study of 38 SCA children
aged 4-17 years during VOC and when the same children were in steady state. Information regarding bone pain and clinical examination were
obtained, following which electrocardiography was done during both clinical states. Blood was drawn for total calcium and serum albumin
estimation. Results: The mean (standard deviation [SD]) of total calcium was significantly lower during VOC (1.90 [0.19] mmol/1) than during
follow-up steady state (2.24 [0.22] mmol/l), P < 0.001. The mean rank of QTc interval was significantly higher during VOC (19.93) than in
follow-up steady state (14.50), P < 0.001. Total calcium negatively correlated with QTc intervals during VOC (r[36] = —0.36, P = 0.029) and
follow-up steady state (+[36] = —0.49, P = 0.002), while QTc interval was highly predictive of hypocalcemia (area under the curve [AUC] =
0.82, P <0.001). Similarly, total calcium was highly predictive of VOC (AUC = 0.89, P < 0.001) at cutoff point of 2.13 mmol/l with 89.5%
sensitivity and 81.6% specificity. Hypocalcemia was significantly observed during VOC than follow-up steady state (89.5% vs. 21.1%,
P <0.001) with odds ratio of 21.28 (95% confidence interval: 0.012-0.189; P < 0.001). Conclusion: Total calcium <2.13 mmol/l is associated
with VOC. Regular total calcium tests should be done. SCA children may benefit from routine oral calcium to reduce frequency of VOC.
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INTRODUCTION membrane and not merely dysfunctional Ca?-Mg?* ATPase
pump.®*! In addition, Hanggi ez al.!®! showed that increased
number and activity of the nonselective red blood cell
membrane N-methyl D-aspartate receptors, especially during
crises, contribute to calcium accumulation in the erythrocytes.
Furthermore, during the deoxygenated state as occurs in
VOC and which is usually associated with acidosis, calcium
accumulates more in the HbS red cells because of increased
cellular permeability./? This accumulated calcium leads to the
activation of the Gardos channel (Ca?* mediated potassium

Sickle cell anemia is a severe form of hemoglobinopathy
whereby an individual inherits two hemoglobin S (HbS)
which arises as a result of a point mutation in the B-globin
gene.! This anomaly results in polymerization of HbS and
subsequent sickling of the erythrocytes in certain adverse
conditions such as infection, inflammation, and dehydration.
These conditions initiate cascade of mechanisms, one of which
is red blood cell dehydration, that lead to sickling.! Thus,
sickle cell anaemic (SCA) children present with recurrent
acute episodic events most common of which is vaso-occlusive
painful crises (VOC). Meanwhile, maintenance of HbS red Address for corr.esponden.ce: Qn Anthony Chibuezg NIemadjm,
cell hydration status depends on cation homeostasis, including Department of Paed}?ﬁ,ﬁ'{{ﬁ‘z%vﬁﬁﬁff gf:)igaérf:rCQ{Z?eHﬁf%:ﬂ
calcium across its membrane.®! el tonynlemas@gﬁaiﬁconﬁ
Litosch and Lee® have shown that calcium permeates HbS

erythrocyte membrane and accumulates in the Cytoplasm. This This is an open access journal, and articles are distributed under the terms of the Creative

accumulation is a result of increased affinity of calcium to the Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to
remix, tweak, and build upon the work non-commerecially, as long as appropriate credit

. . 2 is given and the new creations are licensed under the identical terms.
Access this article online

Quick Response Code: For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com
Website:
www.njmonline.org How to cite this article: Nlemadim AC, Okpara HC, Uzomba CI, Anah MU,
Meremikwu MM. Hypocalcemia and vaso-occlusive painful crises in
5o pediatric sickle cell anaemia. Niger J Med 2021;30:34-9.

10.4103/NJM.NIM_154 20 Submitted: 20-Aug-2020 Revised: 29-Sep-2020
Accepted: 17-Dec-2020 Published: 15-Feb-2021

© 2021 Nigerian Journal of Medicine | Published by Wolters Kluwer - Medknow /Il



https://core.ac.uk/display/478392626?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Nlemadim, et al.: Hypocalcemia and sickle cell painful crises

pump) which moves out potassium and water out of the cell,
causing cellular dehydration and thus HbS red cell sickling.!
This intracellular accumulation of calcium in HbS erythrocytes
may partly explain the hypocalcemia (low levels of serum
calcium) found in sickle cell anemia.

Hypocalcemia and low serum Vitamin D have been found
in sickle cell anemia, especially during painful episodes.®*
Hypocalcemia has also been linked to reduced dietary intake in
SCA children making it a possible factor for frequent VOC. %
Furthermore, hypocalcemia prolongs ST-segment duration and,
as a result, prolongs the corrected QT (QTc) interval ™! This
prolonged QTc has been found in SCA children during VOC
when reversible myocardial ischemia occurs.*2*3 This may
result in ventricular arrhythmia and cardiac arrest.'!

Due to the calcium pump variability in HbS erythrocytes, not
all cells exhibit increased calcium permeability.* This means
that low serum calcium can occur as a result of other causes like
poor oral calcium intake; in the absence of intracellular calcium
accumulation. However, cellular calcium accumulation as a
result of ischemic-induced late sodium current in the myocytes
during VOC leads to delayed ventricular repolarisation and
QTc prolongation.* Hence, electrocardiogram (ECG) may
be used to confirm the substantial reduction of serum calcium.
Therefore, this study aimed to find the relationship between
hypocalcemia and VOC among SCA children during VOC and
when the same children were followed up during steady state.

MEeTHoDS

This was a prospective cohort study which compared serum
calcium levels among 38 SCA children during VOC and
follow-up steady state. They presented at the Children
Emergency room of University of Calabar Teaching
Hospital (UCTH) and those who met the inclusion criteria
were consecutively recruited from October 2017 to March
2018. Usually, the emergency room sees about three episodes
of VOC per week.

Inclusion criteria

This included SCA children with VOC (bone pain). VOC is
defined as a new onset of pain that lasts at least 4 h, for which
there is no explanation other than vaso-occlusion, which
requires therapy with parenteral opioids in a medical setting.™*”
Steady state refers to the “point in time when the patient is not
experiencing any acute painful crisis with no previous painful
episode for at least four consecutive weeks and no blood
transfusion in the previous four months. 8!

Exclusion criteria

This included presence of symptoms and signs of renal
disease, fever, findings of severe malnutrition (body mass
index <—3 standard deviation [SD]), severe hypertension,
severe anaemia (packed cell volume <16%), cardiac disease,
heart failure, or shock because of their association with
myocardial ischemia which prolongs QTc interval.l**] Others
included intake of drugs such as digoxin, frusemide, captopril,

or chemotherapy, presenting with non-VOC acute events,
hypokalemia, hyperkalemia, and low glomerular filtration
rate for age and sex.

No subject was receiving chronic blood transfusion,
hydroxyurea, calcium, or Vitamin D supplementation.
Information obtained on each SCA child’s history; physical
examination including carpopedal spasm, Trousseau sign, and
Chvostek sign; ECG; and total calcium level were entered into
an interviewer-administered questionnaire.

Electrocardiography

This was done following pain relief with a dose of intramuscular
pentazocine. This was to keep the child stable in order for the
electrodes to be applied and allow for polarization of the ECG
voltages before recording with GE Marquette Hellige MAC®
1200ST ECG machine, 2009, with part no. 10116831 and serial
number 550047690. ECG interpretation followed pediatric
standards.™! QT interval was read while Bazett’s formula was
used in calculating each subject’s heart rate-QTc interval. QTc
interval >0.440 s was taken to be prolonged.i*!

Laboratory tests

Blood sample (4 mL) was drawn from each SCA child without
tourniquet, on presentation and six weeks during followed-
up visit. The blood was put into plain tubes, allowed to clot,
and centrifuged at 3000 revolutions/min for 5 min to obtain
sera. A small volume of sera was analyzed for potassium
and creatinine using ion-selective electrode and modified
Jaffe kinetic method, respectively. Subjects with normal
potassium, serum creatinine values for age, and glomerular
filtration rate for age and sex were enrolled. The sera were
stored in a refrigerator at —20°C for a maximum of 2 weeks
before batch analysis for serum calcium and albumin.
Total calcium estimation was done by the cresolphthalein
complexone method, while albumin estimation was done by
the Bromocresol green method. Albumin-adjusted calcium
values were calculated using the Payne formula.®® However,
values of total calcium obtained after analysis were the same
as those obtained after calculating albumin-adjusted calcium.
Total calcium <2.15 mmol/l was defined as hypocalcemia.l?!

Upon admission and after collection of blood and data
which lasted <30 min for each subject, intravenous fluid and
analgesics, among other treatment, were commenced. After
recovery from VOC, each parent was counseled and discharged
with hydroxyurea added to their routine drugs.

Statistical analysis

Normality tests were carried out on data extracted from the
questionnaires. Median values of skewed data were presented,
while a comparison of QTc interval was done using Wilcoxon
signed-rank test. A paired #-test was used in the comparison
of mean total calcium levels. Spearman rank correlation was
used to determine the relationship between total calcium levels
and QTc intervals. Receiver operating characteristic (ROC)
curve analysis was used to calculate the predictability of
total calcium and QTc interval. Categorical variables were
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compared using Pearson Chi-square, while binary logistic
regression was used to determine the likely occurrence of VOC.
Statistical significance was set at P < 0.05 at 95% confidence
interval (CI).

Ethics

Ethical clearance was obtained from the Health Research
Ethical Committee of UCTH to carry out the study. Written
informed consent from the parents or guardian and verbal
assent from children above seven years of age were obtained.

ResuLts

Age, total calcium, albumin, and albumin-adjusted calcium
variables were approximately normally distributed, while
potassium and QTc interval data were skewed. A total of 38
different children, each with an episode of VOC, were enrolled
over six months which is about two episodes of VOC per week.
No subject presented with VOC more than once during this
period. There was no death. The mean (SD) age of the subjects
was 10.6 (3.8) years with a male: female ratio of 1.7:1 and age
range of 4-17 years. Majority (78.9%) were of the high social
class group. The serum potassium levels were normal with
median (interquartile range) values of 4.8 (4.5-5.0) mmol/I
and 4.4 (4.0-4.8) mmol/I during clinical states of VOC and
follow-up steady state, respectively. Serum albumin levels
were also normal with a mean (SD) of 43.5 (5.3) ¢/l and
43.0 (4.9) g/l during painful crises and follow-up steady
state, respectively, and the difference was not statistically
significant (P = 0.608). No clinical feature of hypocalcemia
was observed in any subject.

Calcium levels and corrected QT intervals

The sum of mean (SD) total and albumin-adjusted calcium
was 2.09 (0.28) mmol/l and 2.07 (0.28) mmol/I, respectively.
The differences between their values obtained during both the
clinical states were statistically significant (P < 0.001).

The median (interquartile range) of QTc intervals during
VOC and follow-up steady state was 0.447 (0.438-0.459) s
and 0.435 (0.417-0.440) s, respectively. The mean rank was
significantly higher during VOC [Table 1].

Total calcium had significant but weak negative correlation
with QTc intervals during VOC (r[36] = —0.36, P = 0.029) and
follow-up steady state ([36] = —0.49, P = 0.002) [Figure 1].
Similar correlation was observed between albumin-adjusted
calcium and QTc interval during VOC (r[36] = —0.39,
P =0.015) and follow-up steady state (»[36] =—0.51, P=0.001).

Hypocalcemia and prolonged corrected QT interval
During VOC and follow-up steady state, 89.5% and 21.1% had
hypocalcemia, while 68.4% and 21.1% had prolonged QTc
interval, respectively. Their relationships were statistically
significant [Table 2]. The same findings were observed
between prolonged QTc interval and hypocalcemia derived
from albumin-adjusted calcium.

Binary logistic regression was performed to ascertain the
effects of total calcium and QTc interval in the prediction of
the clinical state of VOC. The logistic regression model was
statistically significant, y? (2) = 41.719, P < 0.001; explained
56.3% (Nagelkerke R?) of the variance in the clinical states and
correctly classified 84.2% of cases. Hypocalcemia was more
likely to occur among SCA children during VOC with odds
ratio of 21.28 (95% ClI: 0.012-0.189; P < 0.001). Prolonged
QTec interval did not significantly predict VOC [Table 3].

However, ROC curve analysis of QTc interval showed that
it was highly predictive of hypocalcemia (area under the
curve [AUC] = 0.82, P < 0.001) with cutoff point of 0.440 s,
71.2% sensitivity, and 88.2% specificity [Figure 2].

Furthermore, ROC curve analysis of total calcium showed that it
was highly predictive of the clinical state of VOC (AUC =0.89,
P < 0.001) with cutoff point of 2.13 mmol/l, sensitivity of
89.5%, and specificity of 81.6% [Figure 3].

Discussion

This study has found that total calcium levels were lower
during VOC than in follow-up steady state contrary to the
QTec intervals which were higher during VOC. Total calcium
significantly correlated with QTc interval which was highly
predictive of hypocalcemia. Majority of the subjects had
hypocalcemia and prolonged QTc interval during VOC than
in the steady state while hypocalcemia significantly predicted
VOC.

The mean total calcium among the SCA children during both
VOC and follow-up steady state was 2.09 mmol/I. This is below
the calcium reference interval of 2.15-2.55 mmol/I.?Y This may
be due to reduced oral intake of calcium or increased demand
due to child growth. Kawchak er al.’% have demonstrated a
decline in calcium intake in children as their ages increase. This
finding is similar to the work by Oladipo ez al.l®! where total
calcium level was noted to be 2.10 mmol/l among SCA children.

In this study, total calcium serum levels were significantly
lower during VOC than in the follow-up steady state. This

Table 1: QTc interval, calcium, and clinical state of the subjects (1=38)

Variables Clinical state Test statistic P-value
vVoC Follow-up steady state

QTc interval (sec) n (mean rank) 35 (19.93) 3 (14.50) T=-4.74 <0.001*

Total calcium (mmol/l) mean (SD) 1.90 (0.19) 2.24 (0.22) =-10.20 <0.001*

Albumin-adjusted calcium (mmol/I) mean (SD) 1.90 (0.21) 2.25(0.22) =-9.00 <0.001*

T=Wilcoxon signed-ranks test; /=Paired z-test; *Statistically significant. SD: Standard deviation
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Table 2: Prolonged QTc interval and hypocalcemia within each clinical state (N=76)

Variable Variable category Clinical state Total, N (%) Ve P-value
VOC, nn (%) Steady state, n (%)

Total calcium Hypocalcemia 34 (89.5) 8(21.1) 42 (55.3) 35.978 <0.001*
Normal calcium 4 (10.5) 30(78.9) 34 (44.7)

QTc interval Prolonged 26 (68.4) 8(21.1) 34 (44.7) 17.244 <0.001*
Normal 12 (31.6) 30 (78.9) 42 (55.3)

*=statistically significant; y2= Chi square

Table 3: Binary logistics of total calcium and QTc interval in the prediction of vaso-occlusive painful crises

Variable Reference category Wald test OR (95% CI) P-value

Total calcium Hypocalcemia 18.877 21.277 (0.012-0.187) <0.001*

QTc interval Prolonged QTc interval 1.970 2.584 (0.103-1.457) 0.160

*Statistically significant. CI: Confidence interval, OR: Odds ratio

Figure 1: Correlations between Total calcium and corrected QT interval during VOC and follow-up steady state

may be due to possible increased calcium influx into the
intracellular space as a result of reduction in plasma pH that
occurs during VOC. Intracellular accumulation of calcium
was demonstrated by Etzion er al.'! to be marked in the
deoxygenated state like it occurs during VOC. Another factor
that can explain hypocalcemia, especially during VOC, is
low Vitamin D serum levels.! Diet poor in the precursors of
Vitamin D and lack of exposure to sunlight lead to Vitamin
D deficiency and consequent hypocalcemia. This is because
Vitamin D stimulates active intestinal calcium absorption,
which accounts for majority of its absorption, and calcium
renal resorption.?2

Hypocalcemia was excellently predicted by QTc interval
which significantly but inversely correlated with total
calcium during both the clinical states. These findings may
be because hypocalcemia increases QTc interval above its
threshold of 0.440 s.'1 Prolonged QTc interval may be as
a result of enhanced late sodium current in the myocytes
leading to increased intracellular accumulation of calcium,
stabilization of the cell membrane, and subsequent delay in
action potential propagation.® This prolonged QTc interval
can lead to refractoriness in a part of the myocardium forming

anidus around which further waves of excitation propagate.?*!
This can lead to ventricular arrhythmias and mortality.*424
The implication being that hypocalcemia may directly be
associated with death.

However, there were subjects with hypocalcemia and
normal QTc interval in this study. This may be explained
by the different activities of the calcium pumps in the cell
membranes of some SCA children.*s Consequently, majority
of the cells including myocytes may not be accumulated
by calcium, hence normal QTc interval. Therefore, to a
large extent, prolonged QTc substantiated the presence of
hypocalcemia in this research though it failed to significantly
predict VOC.

Hypocalcemia was observed more during VOC (89.5%) than
in the follow-up steady state (21.1%) and hypocalcemia is
21 times more likely to occur during VOC than in steady state
because it is significantly associated with VOC. Similarly,
total calcium excellently predicted (AUC: 0.8-0.9) VOC.*
This makes hypocalcemia a significant predictor of VOC. This
finding is similar to the work by Nduka ez al.? who showed
that hypocalcemia occurs more during VOC than in steady state
though their finding was not statistically significant.
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Figure 2: Receiver operating characteristics curve for corrected QT
interval in the prediction of hypocalcaemia

Values of total calcium and albumin-adjusted calcium were very
similar, so also values obtained in their comparisons with other
variables. Hence, measuring only total calcium in SCA children
suffices. Measurement of the active form of calcium (ionized calcium)
could have been more relevant; however, this investigation is largely
lacking in resource-poor settings. Thus, with accuracy levels of 89.5%
sensitivity and 81.6% specificity, total calcium <2.13 mmol/l during
the steady state may imply likelihood of VOC occurring.

ConcLusIoN

Hypocalcemia occurs in children with sickle cell anaemia
especially during VOC. Despite the fact that no hypocalcaemic
clinical feature was observed, low serum calcium is associated
with prolonged QTc interval which can cause ventricular
arrhythmia. It is pertinent to regularly assess total calcium
in these children in other to prevent mortality. Therefore,
introduction of routine ingestion of calcium, and Vitamin D
to help in calcium intestinal absorption, may help to reduce
the frequency of VOC and QTc prolongation.

What is already known
Hypocalcemia occurs in sickle cell anemia. Hypocalcemia is
associated with a prolonged QTc interval.

What is unknown
Whether hypocalcemia substantially occurs during VOC.

What the study adds

Hypocalcemia significantly occurs during VOC. Itis 21 times more
likely to occur during VOC than in steady state. Hypocalcaemia
is also highly predictive of the clinical state of VOC. Calcium
negatively correlates with QTc interval during VOC and steady
state hence hypocalcaemia may predispose the SCA child to

Figure 3: Receiver operating characteristic curve for total calcium in the
prediction of the clinical state of VOC

ventricular arrhythmias which are sequela of prolonged QTc
interval.
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