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Abstract

Objective—To monitor hematological indices in otherwise normal children with central precocious
puberty (CPP) who underwent frequent venous sampling as part of a longitudinal clinical research
study.

Study design—34 female subjects underwent frequent venous sampling (g10-20 min for 8-16 hrs)
every 6 months for > 3 years during and after their treatment with a GnRH analogue. Hgb, MCV and
ferritin were measured prior to and following each phlebotomy session.

Results—At baseline, average Hgb was 12.5 £ 0.7 g/l. At conclusion of the first sampling session,
Hgb fell 1.2 + 0.1 g/l, remaining within the normal range for age. Upon 3-month follow-up, there
was complete recovery of Hgb (12.6 + 0.2 g/l). Longitudinal evaluation every 6-months for up to 3-
years showed no significant differences in Hgb, MCV or ferritin levels from baseline. No clinically
significant adverse effects attributable to phlebotomy were reported.

Discussion—When appropriate safety guidelines were followed, both acute and long-term
frequent venous sampling in a pediatric population was safe. Guidelines include monitoring of
hematological indices, phlebotomy volume <10cc/kg/24 hours, and iron replacement.
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Frequent venous sampling is an important assessment tool in neuroendocrinology. Specifically,
it is indispensable when investigating the secretory patters of pulsatile hormones such as
lutenizing hormone, growth hormone, insulin and prolactin (1). Consequently, understanding
the safety of this method is critical for many clinical researchers. Despite this need, the short
and long-term hematologic impact of this technique in a pediatric population has not been
previously described. We assessed hemoglobin (Hgb), mean corpuscular volume (MCV), and
ferritin levels in children with CPP undergoing repeated frequent venous samplings in
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collaboration with our IRB. We evaluated 34 female subjects over a period of 36-48 months
of episodic sampling to assess both the short and long-term impact of this technique.

34 female subjects with central precocious puberty (CPP) were evaluated for the impact of
phlebotomy. Due to the possible effects of suppression of serum testosterone levels on
hemoglobin concentrations, male subjects were excluded from this study as were subjects on
other chronic medications besides GnRHa. Complete initial clinical and hematologic
characteristics of our cohorts were obtained as well as follow-up data for inclusion in serial
analysis. Informed consent was obtained from all patients in the study and these serial
evaluations were reported to our IRB as they evolved.

In 17 of these subjects' admissions, pre-admission hemoglobin (PreHgb), post-admission
hemoglobin (PostHgb) and Hgb at 3-month follow-up were measured. At enrollment, this
cohort ranged in age from 1.6 to 9.2 years (6.6 + 1.8 years) and in body weight from 13.7 to
53.5 kg (32 + 9.7 kg). All subjects were Caucasian.

34 female subjects ranging in age from 1.6 to 9.2 years (6.3 £ 2.2 years) and in weight from
13.7 t0 45.1 kg (29.2 + 8.5 kg) were followed for at least 36 months. This cohort included 32
white, 1 African American and 1 Asian female. 8 subjects were followed after ceasing GnRHa
therapy, from 30-48 months post enrollment.

Between 1981 and 1991, subjects with CPP were evaluated at one of two academic centers
(Massachusetts General Hospital or Children's Hospital Boston) as part of an IRB-approved,
NIH-funded clinical research study to evaluate the impact of gonadotropin-releasing hormone
analogue (GnRHa) induced pituitary-gonadal suppression (2). Hematologic indices were
monitored in subjects who were evaluated in the GCRCs at 3 to 6 month intervals: (pretherapy),
3,6, 12,18, 24, 30, 36, 42, and 48 months. Permission was obtained from parents prior to the
enrollment of their child and assent was obtained from children 7-years of age and older. To
characterize gonadotropin secretory profiles in detail, sampling for LH and FSH was obtained
every 10 minutes when secretion was active (prior to and following discontinuation of GnRHa)
and every 20 minutes when secretion was suppressed (during GnRHa therapy) for 16 hours
spanning night and day periods (2200 to 1400 hours). An indwelling venous catheter was placed
at the beginning of each GCRC admission to obtain serial samples. The frequency and duration
of phlebotomy was adjusted to be within a 9-10cc/kg limit, derived by scaling down the 500cc
blood bank donation routinely drawn in adults weighing as little as 47 kg. Actual phlebotomy
losses averaged approximately 9 cc/kg at initial admission and 6 cc/kg for subsequent visits
during treatment. Following the withdrawal of each individual sample, a comparable volume
of normal saline was infused. All children were treated with iron supplementation (elemental
iron 1-6 mg/kg/day) for 6 weeks following each hospitalization.

Blood samples for all laboratory determinations were obtained after discarding 3 cc of
heparinized saline-diluted residua from an indwelling venous catheter. Hgb and MCV
determinations were carried out using a whole blood counter at both hospitals. Ferritin was
determined by RIA, chemiluminescence and/or ELISA at MGH and CHB. Using the
laboratory-specific reference ranges, iron deficiency was considered to be present when the
serum ferritin was either <13 ug/L (MGH) or <10 ug/L (CHB).

Group data are described by the mean £ SEM in the text unless otherwise stated. Changes in
hematologic indices during short-term studies were assessed by paired t-test. To determine if
a hematologic variable changes significantly over multiple, longitudinal observations, we
performed ANOVA with post-hoc analysis when p<0.05. Normative data reported by Dallman
and Siimes (3) was used to calculate an age and sex-appropriate Hemoglobin Standard
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Deviation Score (HghSDS) and MCV Standard Deviation Score (MCVSDS) for each Hgb and
MCV value from the population mean, divided by the standard deviation of the normative
population.

During inpatient evaluation that included phlebotomy losses averaging 9.6 + 0.4 cc/kg over a
24-hour period, the acute fall in Hgb in 17 subjects was 1.2 + 0.1 g/L with a maximal fall in
Hgb of 2.3 g/L in an individual subject (PreHgb v. PostHgb, p<0.001, Figure 1). Subjects were
restudied 3 months after initial evaluation. Hgb levels were 12.6 + 0.2 g/l, not significantly
different from baseline values (p=0.72). One subject that had a normal Hgb value at baseline
had an Hgb value that was greater than 2 standard deviations (SD) below the mean at 3-month
follow-up (baseline 12.2 g/I; 3-month follow-up 12.0 g/l). Baseline MCV values (81.9 + 1.3
fl) were also similar at 3-month follow-up (83.8 + 0.6 fl, p=0.27) while ferritin (baseline 28.50
+ 2.6 ug/l) showed a moderate, but not statistically significant increase at 3-months (39.92 +
5.1 ug/l, p=0.06).

Hgb and MCV values of 34 subjects evaluated every 3-6 months over 48 months were not
significantly different at any time point (p>0.05, Figure 2) during this period. Mean PreHgb
was 12.6 £ 0.2 g/l. Over 48 months of follow-up, Hgb levels averaged 12.5 + 0.05 g/l with a
minimal value of 10.2 g/l in a single subject. Six subjects had Hgb levels that were more than
2SD below the mean during 48-months. Four of these subjects' Hgb levels recovered by their
next follow-up (6-months later). Two subjects had two or more Hgb measurements in a row
that were more than 2SD below the mean. All subjects had Hgb levels that recovered to within
the normal range by the end of the study. Mean PreMCV was 84.2 + 0.6 fl in 34 subjects, and
also showed no significant difference at any time point evaluated over 48 months (84.2 + 0.2
fl over 48 months follow-up). In addition, ferritin levels increased mildly during the study, but
values were not significantly different (baseline, 27.7 + 2.3 ug/l; 48-months 37.8 £ 1.5, p=0.08).

Because both Hgb and MCV values normally increase during childhood, we evaluated these
indices in an age-adjusted manner by calculating an age and sex appropriate Hemoglobin
Standard Deviation Score (HgbSDS) and MCV Standard Deviation Score (MCVSDS) for each
determination. Baseline HgbSDS was -0.63 + 0.81 and baseline MCVSDS was 1.08 + 0.15.
At 36-month follow-up, HghSDS was -0.89 + 0.17 and MCVSDS was 0.60 + 0.20. Although
both groups showed a moderate decline over 36 months, this did not reach statistical
significance (p>0.10 for both comparisons).

Discussion

Frequent venous sampling is an important tool for clinical research in neuroendocrinology yet
its safety in children has not been previously reported. Here we demonstrate that, when
adequate precautions are taken, this tool is safe in a pediatric population.

Pediatric subjects are considered a vulnerable group under federal regulations and therefore
require special protection when enrolled in research studies (4). Subpart D of the Code of
Federal Regulations specifies four categories defining risk assessment in pediatric subjects
(5). These include: 1) Research not involving greater than minimal risk (46.404), 2) Research
involving greater than minimal risk but presenting the prospect of direct benefit to the
individual subjects (46.405), 3) Research involving greater than minimal risk and no prospect
of direct benefit to individual subjects, but likely to yield generalizable knowledge about the
subject's disorder or condition (46.406) and 4) Research not otherwise approvable which
presents an opportunity to understand, prevent, or alleviate a serious problem affecting the
health or welfare of children (46.407). Although all risk determinations allow for research to
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proceed, each successive category requires an increasing level of scrutiny by an institution's
IRB. Therefore, understanding the level of risk posed by a specific research technique is
paramount in the design and risk-stratification of any IRB-approved study.

Withdrawal of a single blood sample is generally considered minimal risk (46.404) by IRBs
(5), but no universal guidelines exist for frequent phlebotomy undertaken as part of clinical
pediatric research. With frequent sampling, initial pain at the site of venous catheter placement,
emotional stress, and infection risk are all similar to that of a single blood sample. Therefore,
in this study, our primary concern was to ensure that participation in longitudinal studies
involving serial phlebotomy did not result in a clinically significant decline in iron stores.

In addition, beginning in early childhood, both Hgh and MCV increase with age (6). Because
of these developmental changes, we sought to adjust our subjects' Hgb and MCV values for
age using normative data derived from the literature (3). Two findings became apparent from
these evaluations. First, although well within the normal range, our subjects with CPP entered
the protocol with mean values of Hgb and MCV that were significantly different from the mean
of chronologic age-matched controls (HgbSDS -0.63 + 0.81 and MCVSDS 1.08 + 0.15).
Secondly, both Hgb and MCV standard deviation scores declined moderately during our study.
In considering the applicability of Dallman's normative data to our study population, it is
doubtful that differences in subject population or laboratory techniques contributed to our
findings. However, CPP and/or its suppression may have had some impact on the hematologic
status of our subjects. Given that anemia most commonly occurs during periods of rapid
growth, the baseline negative HgbSDS in our subjects with CPP is not entirely unexpected
(7). There is no evidence to implicate phlebotomy-induced iron deficiency as the cause of the
negative trends in HgbSDS and MCVSDS observed during participation in this study given
that only 2 subjects with low Hgb levels and none with low MCV levels had associated decrease
in ferritin. Even though drug effect is difficult to rule out with certainty, no direct effects of
GnRH agonists on hematologic variables have been reported. Alternatively, GnRHa-induced
suppression of pituitary-gonadal function might inhibit factors that are important in
orchestrating the normal, age-related increases in Hgb and MCV values. Several factors related
to the activity of the hypothalamic-pituitary-gonadal axis are known to stimulate or inhibit
erythropoiesis (8-11). Therefore, although there are limited data available on the effect of CPP
and its treatment on hematological indices in children, the calculated SD scores from this cohort
reiterate the results of the present analysis: that when specific guidelines for phlebotomy are
followed, and appropriate iron replacement is provided, such studies can be undertaken without
significant adverse hematologic effects.
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Figure 1.

Acute decline and subsequent full recovery of hemoglobin (Hgb) concentration in subjects
with CPP who underwent frequent venous blood sampling as part of their research study
participation.
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Figure 2.

Serial hematological indices in children with CPP who underwent frequent blood sampling
every 3-6 months. * NS, no significant difference over 48-months.
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