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Objective: We hypothesized that most patients with 22q11.2 deletion and a history of hypocalcemia have

inadequate parathyroid function, manifested by intact parathyroid hormone levels below normal. We aimed to

evaluate intact parathyroid hormone levels both during normocalcemia and at hypocalcemia, in this population.

Study Design: Retrospective chart review of 103 patients with 22q11.2 deletion born since 1997 and cared for at

the Children’s Hospital of Philadelphia. Calcium and intact parathyroid hormone drawn simultaneously were

recorded, along with clinical presentation at hypocalcemia. Results: Forty-seven simultaneous Ca/intact parathy-

roid hormone values were available. Seventy-nine percent of calcium levels and 81% of parathyroid hormone levels

were within normal range. There were 19 patients with a history of symptomatic hypocalcemia, for whom any

available simultaneous Ca/parathyroid hormone levels, before, during, or after hypocalcemia were analyzed. In this

subgroup, 59% of calcium and 76% of parathyroid hormone levels were normal. None had an intact parathyroid

hormone of �39.2 pg/mL at hypocalcemia. Seventy-three percent of hypocalcemic events had a precipitating

stressor. Conclusions: Hypoparathyroidism in 22q11.2 deletion is mild, manifesting as a phenomenon of de-

creased parathyroid hormone reserve. Subjects are normocalcemic most of the time, but are unable to mount

elevated intact parathyroid hormone levels, and therefore unable to correct hypocalcemia, in response to

stressors. Genet Med 2008:10(3):224–228.

Key Words: parathyroid hormone, PTH, calcium, Digeorge, 22q11.2, hypocalcemia, hypoparathyroidism, intact PTH

Microdeletion of chromosome 22q11 occurs with an inci-
dence of approximately 1/4000–7000 live births.1–3 This dele-
tion results in failure of development of the derivatives of the
3rd and 4th pharyngeal pouches, with anomalousmigration of
the cells derived from the cephalic neural crest.4 Clinical ex-
pression varies from one patient to another. Features can in-
clude congenital cardiac defects, hypocalcemia, short stature,
immunodeficiency from thymic hypoplasia, palate abnormal-
ities, cognitive impairment, and minor facial dysmorphism.5

Hypocalcemia due to hypoparathyroidism in this popula-
tion was described originally by Digeorge.6 The parathyroids
are derivatives of the 3rd and 4th pharyngeal pouches, and
therefore hypoparathyroidism in this syndrome is not unex-
pected. It has been documented by aplasia or hypoplasia of
parathyroid glands at surgery or autopsy.7 Our center previ-
ously reported hypocalcemia in 77 of 158 (49%) patients.8,9

Brauner et al.10 combined a cross-sectional study with his-
torical review to reveal abnormal parathyroid gland func-
tion in 69% of patients. However, hypoparathyroidism in
22q11.2 deletion syndrome has been difficult to character-
ize. The varying degrees of parathyroid dysfunction in the
22q11.2 deletion population, and even intra-individual
variation in parathyroid function, have been described by
multiple authors.1,5,10–15

We hypothesized that most patients with the syndrome and
a history of hypocalcemia have inadequate parathyroid func-
tion, which would be manifested by intact parathyroid hor-
mone (PTH) levels below the lower limit of normal. The aims
of our study were (1) to determine the prevalence of both neo-
natal and later-occurring hypocalcemia in a large hospital-
based population, (2) to evaluate PTH levels during normocal-
cemia, and at the time of hypocalcemia, in subjects with
22q11.2 deletion, and (3) to define parathyroid function in
patients with a known history of hypocalcemia.

METHODS AND ANALYSIS

An institutional review board-approved database of patients
with 22q11.2 deletion was obtained. Subjects with a date of
birth earlier than 1997 were excluded because of difficulty in
searching records before this date (after this date, a computer-
based system was available). There were 103 patients, born
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between 1997 and July 2005, with confirmed 22q11.2 deletion,
and these patients served as the sample for the study. Records
were reviewed for date of genetic diagnosis. The records were
then reviewed for any serum calcium drawn simultaneously
with an intact PTH. For the purposes of the study, only PTH
values drawn concurrently with serum total calcium were ac-
cepted. The data were logged into a database, and were then
analyzed for the parameters described in the Results below.
The pediatric normal range for calcium was defined as 8.8–
10.6 mg/dL, and the pediatric normal range for PTH was de-
fined as 12–65 pg/mL, as these are the normal ranges used at
the Children’s Hospital of Philadelphia laboratory, where as-
says were run (Immulite 2000, DPC, Los Angeles, CA).
Simultaneous calcium and PTH values were available for 33

patients. Eight patients had more than 1 set of simultaneous
calcium and PTH values. To ensure that we were capturing
discrete events, values were included in analysis only if they
occurred at least 1 month apart. If values occurred within 1
month of each other, the first value only was used for analysis.
The total number of concurrent calcium/PTHvalueswas 47, as
several patients had more than 1 set of concurrent calcium/
PTH values drawn at least 1 month apart. The database was

narrowed to the subset of subjects with a documented, defined
history of hypocalcemia, and any set of simultaneous calcium
and PTH values available for these patients, whether drawn
before, after, or during the hypocalcemic episode. Lastly, clin-
ical data from the subgroup of subjects with an intact PTH
value drawn specifically at the time of hypocalcemia were ex-
amined; there were eight such patients.

RESULTS

Date of genetic diagnosis was available for 76 of the patients.
Of these, 47 (62%) were diagnosed within the first month of
life, 18 (24%) were diagnosed between 1 month and 1 year of
life, and 11 (14%) were diagnosed after 1 year of life.
Hypocalcemia at any point in time, either evident through

low serum calcium values or clearly documented in the Endo-
crine chart, was noted in 57 of 103 patients (55%). Neonatal
hypocalcemia (defined as occurring within the first month)
was noted in 37 of 103 patients (36%). At least 14 patients, or
14% of the patient pool, had hypocalcemia occurring for the first
time after 1 month of age. Of these 14, 6 patients had the initial
hypocalcemia event between 1 and 3 months of age; the initial
presentation of the other 8 (8% of the population) ranged be-
tween 29months and 7 years of age.
Figure 1 is a scatterplot of all 47 simultaneous PTH and

calcium values that were obtained in the 103 patients whose
data were examined. The lines on Figure 1 represent pediatric
normal ranges for serum calcium and intact PTH. Thirty-
seven out of the 47 calcium values (79%) were within the nor-
mal range, as were 38 of 47 PTH values (81%). Only 10 of 46
calcium values and 8 of 47 PTH values were below the normal
range.
Figure 2 is a scatterplot of values obtained from the 19 pa-

tients with a history of hypocalcemia, who had simultaneous
PTH and calcium values drawn at some point. Twenty-nine
simultaneous calcium/intact PTH values were available from
these 19 patients. Twelve of the values reflect hypocalcemia at
the time of the draw, but 17 are normocalcemic. Six of the
values (21%)reflect classichypoparathyroidism(withaPTH�12

Fig. 1. Scatterplot of 47 simultaneous PTH and calcium values obtained from all
patients in study. Lines represent pediatric normal range.

Fig. 2. Scatterplot of 29 simultaneous PTH andCalcium values obtained in 19 patients with a documented history of symptomatic hypocalcemia. Lines represent pediatric normal range.

PTH reserve in 22q11.2 deletion syndrome

March 2008 � Vol. 10 � No. 3 225



pg/mL); however, 22 PTH values (76%) fell within the reference
normal range of 12–65 pg/mL (1 value was elevated).
There were eight patients with a low calcium value drawn

simultaneously with a PTH value. Data from these eight sub-
jects are shown in Table 1. Three of these eight subjects had a
PTH value below 12 pg/mL (the lower limit of the normal
range) at the time of the hypocalcemia. The mean intact PTH
at the time of hypocalcemia was 20.1 pg/mL. None of the sub-
jects had an intact PTH level �39.2 pg/mL at the time of hy-
pocalcemia. Of the 16 distinct hypocalcemic events that oc-
curred in these eight patients, four were postoperative, two
were within 1 day of birth (postdelivery), and five were associ-
ated with illness. Thus, 11 of 15 (73%) of hypocalcemic events
had a precipitating stressor. Six of the eight patients had more
than one episode of hypocalcemia.

DISCUSSION

Wehave demonstrated that hypoparathyroidism in 22q11.2
deletion is a mild variant of the disease. Hypoparathyroidism
in this syndrome generally seems tomanifest inmost cases as a
phenomenon of decreased PTH reserve, with a predisposition
to hypocalcemia during periods of stress or illness.
A key finding demonstrated by these data are that at the time

of hypocalcemia, intact PTH levels in this population are gen-
erally within the normal range. In five of eight subjects, hy-
pocalcemia was accompanied by an intact PTH within the low
to mid-normal range; therefore, an intact PTH in this range
cannot be taken as evidence against the diagnosis of hypopar-
athyroidism. This has been a source of confusion for clinicians,
and has even been reported as “pseudohypoparathyroidism”
in the literature.8

However, hypoparathyroid subjects with 22q11.2 deletion
are unable tomount elevated PTH levels, and therefore unable
to fully correct hypocalcemia, in response to stressors. This is

illustrated in Figures 1 and 2, along with Table 1, showing that
none of the intact PTH levels at hypocalcemia extends into an
elevated or high-normal range. None of the subjects generated
an intact PTH value at hypocalcemia in excess of 39.2 pg/mL,
with a mean PTH response to hypocalcemia of 20.1 pg/mL.
The idea of a diminished parathyroid reserve, leading to a

predisposition to hypocalcemia with stressors or illness, is sup-
ported by an examination of the clinical details surrounding
hypocalcemic events. The majority (73%) of hypocalcemic
events in the subgroup presented in Table 1 had an acute stres-
sor as a precipitating event, such as birth, operations, or ill-
nesses. Others have also reported hypocalcemia in the postop-
erative state or during illness or stress.5,12,16,17

The concept of a diminished reserve, as opposed to a com-
plete lack of function, is also supported by the fact that at ran-
dom evaluations, intact PTH secretion generally falls within
the normal range. As a whole, 81% of all intact PTH values in
our study were within the normal range of 12–65 pg/mL. Even
in patients with a documented history of symptomatic hy-
pocalcemia, 22 of 29 intact PTH values (76%) were normal
(illustrated in Fig. 2). Therefore, as in other forms of hypopar-
athyroidism, spot checks of intact PTH cannot be used as a
screening tool; nor do they identify all patients at risk of hy-
pocalcemic episodes. Our study did not examine whether pa-
tients were on any calcium or calcitriol supplementation at the
time of the blood sampling, but calcitriol and calcium supple-
mentation would, if they had any effect, suppress PTH levels.
Another conclusion from our study is that slightly more

than half (55%) of the patients with 22q11.2 deletion whose
data we examined had a history of hypocalcemia. The initial
presentation of hypocalcemia, in patients with 22q11.2 dele-
tion and hypoparathyroidism, is usually early in life. Our study
shows an incidence of 36% in the neonatal period, meaning
that about two third of subjects who had a history of hypocal-
cemia had their first hypocalcemic event before 1month of age.

Table 1
Clinical characteristics of patients with intact PTH values drawn simultaneously with a serum calcium level during a hypocalcemic episode

Patient Sex Phenotype
Age of first
low Ca

Clinical status at time
of first low Ca

Serum Ca at
first low Ca

Intact PTH
level

Age of recurrence of
hypocalcemia

Clinical status at time
of recurrence

1 F VSD 19 days Fever, rule-out sepsis
hospitalization

5.9 34.2 2 mo VSD repair

2 F Earfolds, lymphopenia,
TA, VSD

2 days Postoperative 7.4 8.1 5 wk Twitching

3 M TA, VSD 7 days Postoperative 8.5 39.2 6 mo Not known

4 F Hypocalcemic seizures 6 days Seizures 7.3 18.6 None NA

5 M TOF 1 day Postdelivery 7.0 36.5 5 mo Postoperative for TOF

6 M Hypocalcemic seizures,
TOF, VSD

13 days Seizures 6.1 14.1 2 mo, 10 mo Fevers, pneumonia,
hospitalization

7 F TOF 1 day Postdelivery 7.1 7.3 3 mo, 14 mo Postoperative for TOF;
second recurrence
with malrotation

8 F TA, failure to thrive 3 yr Unknown 6.7 3.1 None NA

Ca, calcium; VSD, ventricular septal defect; TA, truncus arteriosus; TOF, tetralogy of Fallot; NA, not available.
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However, it is important to note that new onset hypocalcemia
can occur several years after birth, as 8% of our patients had no
history of hypocalcemia until a documented event occurred at
29 months of age or later. A previous study evaluating the
incidence of hypocalcemia in 22q11.2 deletion syndrome re-
ported an incidence of 58% during infancy (before 2 years of
age).18 Case reports have noted that some patients may not
have their first episode of symptomatic hypocalcemia for de-
cades.19 Our postneonatal incidence is similar to the 13–30%
figure reported by Taylor et al.13 One confounder that needs to
be kept in mind with regard to our results in neonates is the
lack of ionized calcium results; in some cases, in a neonate, low
total serum calcium may represent hypoalbuminemia, as op-
posed to true hypocalcemia.
Our study was limited by the retrospective design. Secondly,

laboratory records before 1997 were not available via a com-
puterized system, and patients born before this date were not
included. As such, we are not able to comment on areas of
interest such as the occurrence of hypocalcemia in adolescence
or adulthood. The records on all patients at our centerwith this
diagnosis born after 1997 were examined; however, simulta-
neous intact PTH and serum calcium values were available for
only 33 of 103 patients. We report a prevalence of hypocalce-
mia of 55% in this population; this is a slightly lower percent-
age than has been reported elsewhere. Our lower number may
stem from our status as a tertiary referral center, as patients
may have had hypocalcemia before referral to our center. Sam-
ple size in terms of serum calcium and intact PTH was limited
by our decision to only include those values for which both
samples had been obtained simultaneously. We excluded in-
tact PTH values drawn several hours after a total serum cal-
cium value, as these results might be altered by a variety of
factors, including treatment.
We note that these findings may be less applicable to those

diagnosed with 22q11.2 deletion syndrome before the last de-
cade, as it has become common over that period of time to
perform fluorescence in situ hybridization testing on a far
greater number of infants. Testing is now often done even if
there is only one of the characteristic syndrome findings; there-
fore, the lower incidence of hypocalcemia could reflect
“milder” infants being diagnosed. However, the study is still
useful, as this cohort likely reflects a large fraction of those
cared for by practitioners, and the majority of those cared for
by pediatricians.
Our clinical practice is to check serum total calcium, or ion-

ized calcium, along with intact PTH, in any infant aged �3
months suspected of, or known to have, 22q11.2 deletion syn-
drome. We screen calcium levels every 3–4 months through 1
year of age, as this is the period of time during which hypocal-
cemia is most likely to present. Thereafter, we screen annually,
as occasionally hypocalcemia does occur without an identifi-
able precipitating stressor. Patients undergoing surgery have
serum total calcium or ionized calcium screened preopera-
tively and postoperatively. Situations in which there is an iden-
tifiable stressor, severe enough to require hospitalization, or, in
a young child, severe enough to cause significantly diminished

oral intake, are periods of time during which attention to this
issue is particularly necessary.
In subjects who have had hypocalcemia without a stressor,

supplementation with calcium carbonate and calcitriol should
be continued as needed, with dosage titrated in the manner
typical for hypoparathyroidism. That is, we aim to maintain
serum calcium toward the lower range of normal, or in a
slightly subnormal range, with the aim of minimizing urinary
calcium excretion. The course of action in subjects who are
normocalcemic at baseline, but have experienced hypocalce-
mia with a stressor is less clear.
Prospective studies in this area are needed. Many patients

require cardiac surgery and a period on cardiac bypass, a
procedure that frequently results in a drop in serum cal-
cium. A study with serial measurements of ionized calcium
and intact PTH intraoperatively would serve the dual pur-
pose of detecting hypocalcemia (ensuring patient safety),
and defining intact PTH secretion at the time of hypocalce-
mia. These patients could then be followed up longitudi-
nally, with periodic monitoring of total serum calcium,
phosphorous, and intact PTH values. The incidence of
nephrolithiasis and hypocalcemia with and without chronic
calcium and/or calcitriol supplementation could then be
examined. With most patients now diagnosed very early in
life, and most patients observed at tertiary referral centers, such
studies should be possible, with collaboration among cardiolo-
gists, endocrinologists, and geneticists.
In summary, hypoparathyroidism in 22q11.2 deletion

syndrome is characterized by a phenomenon of diminished
PTH reserve. Hypocalcemia can occur at baseline, and also
manifests as an impaired ability to maintain normocalcemia
with stressors. Random, baseline screens of calcium and
intact PTH measurements are not sensitive screens for the
presence of the 22q11.2 deletion, as most of such measure-
ments will be within the normal range, even in children with
a history of, and predisposition to, hypocalcemia. Intact
PTH measurements at the time of hypocalcemia are also fre-
quentlywithin the normal range, but donot reach an appropriate
elevation for the level of calcium.
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Errata

In the article ‘‘Genetics in clinical practice: general practitioners’ educational priorities in European countries’’ which appeared
in the February issue of Genetics In Medicine, the P value on the first row of Table 4 (page 112) appeared as �0.0000 and should
have appeared as �0.0001. This was due to an editing error. We regret any inconvenience this may have caused.

Julian-ReynierC,Nippert l, Calefato J-M,HarrisH, et al. Genetics in clinical practice: general practitioners’ educational priorities
in European. Genet Med 2008;10:107–113.

In the article “The feasibility of online genetic testing for lung cancer susceptibility: uptake of a web-based protocol and decision
outcomes” which appeared in the February issue ofGenetics In Medicine on pages 121–130, incorrect data appeared in the “95%
CI” columnofTable 2. Thiswas due to an incorrect calculation. Thenumber 1.67 should be replacedwith 2.41, 3.87 replacedwith
7.71, and 1.95 with 1.67. A correct table will appear online linked to this erratum.

O’Neill SC, White DB, Sanderson SC, Lipkus IM, et al. The feasibility of online genetic testing for lung cancer susceptibility:
uptake of a web-based protocol and decision outcomes. Genet Med 2008;10:121–130.
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