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Abstract

Background: Growth impairment remains common in children with chronic kidney disease (CKD). Available literature
indicates low level of recombinant human growth hormone (rhGH) utilization in short children with CKD. Despite
efforts at consensus guidelines, lack of high-level evidence continues to complicate rhGH therapy decision-making and
the level of practice variability in rhGH treatment by pediatric nephrologists is unknown.

Methods: Cross-sectional online survey electronically distributed to pediatric nephrologists through the Midwest
Pediatric Nephrology Consortium and American Society of Pediatric Nephrology.

Results: Seventy three pediatric nephrologists completed the survey. While the majority (52.1%) rarely involve
endocrinology in rhGH management, 26.8% reported that endocrinology managed most aspects of rhGH treatment in
their centers. The majority of centers (68.5%) have a dedicated renal dietitian, but 20.6% reported the nephrologist as
the primary source of nutritional support for children with CKD. Children with growth failure did not receive rhGH most
commonly because of family refusal. Differences in initial work-up for rhGH therapy include variable use of bone age
(95%), thyroid function (58%), insulin-like growth factor-1 (40%), hip/knee X-ray (36%), and ophthalmologic evaluation
(7%). Most pediatric nephrologists (95%) believe that rhGH treatment improves quality of life, but only 24% believe that
it improves physical function; 44% indicated that rhGH improves lean body mass.

Conclusions: There is substantial variation in pediatric nephrology practice in addressing short stature and rhGH
utilization in children with CKD. Hence, there may be opportunities to standardize care to study and improve growth

outcomes in short children with CKD.
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Background

Growth impairment remains common in pediatric
chronic kidney disease (CKD), despite advances in care
of children with CKD [1]. In the North American
Pediatric Renal Trials and Collaborative Studies
(NAPRTCS) CKD registry, 36.9% had height standard
deviation scores (SDS) < —1.88 at the time of enrollment
[2]. In a more recent study cohort of North American
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children with mild to moderate CKD, the median
height SDS was -0.55 at study entry [3]. In a European
cohort of patients who received renal replacement ther-
apy during childhood, the median final adult height
SDS was —1.65 [4].

Short stature is associated with a lower quality of life
(QOL) in children with CKD [5], and this lower QOL
persists into adulthood [6]. Treatment with recombinant
human growth hormone (rhGH) is associated with im-
proved physical and social functioning according to par-
ental reports [7]. It would be reasonable to expect that
rhGH treatment improves QOL in children with CKD,
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but no direct evidence is currently available to support
this assumption. In addition, rhGH therapy may provide
health benefits not directly related to improved linear
growth, such as increased lean body mass, improved ap-
petite and nutrition, increased physical function and de-
creased fatigue [8, 9]. It is unknown if pediatric
nephrologists consider these potential benefits of rhGH
therapy in their therapeutic decisions.

Treatment with rhGH is FDA-approved in short chil-
dren with CKD in the U.S. and rhGH has been used in
children with CKD for over 25 years [10]. Yet, rhGH
utilization in short children with CKD is quite low in both
North America and many European countries [11, 12].
Some of the reported obstacles for use of rhGH are family
refusal, non-compliance, severe hyperparathyroidism,
poor nutrition, younger age, neurologic impairment, ma-
lignancy or scheduled transplant [13]. However, the per-
spectives of pediatric nephrologists about the barriers to
rhGH utilization have never been systematically
investigated.

There is a paucity of high-level evidence to direct
evaluation of short children with CKD prior to pre-
scription of rhGH therapy. Requirements for diagnos-
tic testing related to rhGH insurance approval vary,
with some insurers in the U.S. only requiring a bone
age for short children over 12 years old whose height
is below the 3rd percentile and an estimated GFR
below 75 ml/min/1.73m? The U.S. physicians have
considerable discretion in determining testing prior to
seeking rhGH insurance approval. The most recent
consensus paper written by a group of U.S. experts is
now over 10 years old [9] and suggests that optimal
preparation for starting rhGH therapy requires efforts
at addressing modifiable factors related to growth fail-
ure and baseline hip and knee X-rays, funduscopic
evaluation, and thyroid studies. There is no consensus
on the value of baseline and subsequent GH-insulin
like growth factor-1 (IGF-1) axis assessments in
monitoring rhGH therapy in children with CKD.

RhGH treatment, in part due to its high cost, is further
complicated by the logistic challenges involved in its
prescription. Insurance approval, nutritional evaluation
and monitoring, management of other CKD complica-
tions (such as CKD mineral bone disorder, anemia, and
acidosis), optimization of dialysis, and potential involve-
ment of endocrinology, all require system based ap-
proaches to rhGH therapy in order to deliver well
organized care within the unique environment and avail-
able resources of each individual institution. These chal-
lenges and varying resources may contribute to practice
variability in the prescription of rhGH.

We hypothesized that there is substantial variability in
practice patterns and resources available to support
rhGH treatment among pediatric nephrology centers,
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which may affect treatment decisions. Hence, we ana-
lyzed the key characteristics of rhGH treatment
approaches by surveying pediatric nephrologists in the
US and Canada.

Methods

Survey items were developed and piloted by the Mid-
west Pediatric Nephrology Consortium (MWPNC)
CKD working group, reviewed and approved by the
MWPNC Protocol Review Committee. Institutional
Review Board (IRB) approval was obtained at the
primary site (Weill Cornell Medicine). The survey
(Additional file 1: Item S1) was distributed to physi-
cians by the MWPNC and American Society of
Pediatric Nephrology (ASPN) from October 2015 to
January 2016 via email. The MWPNC involves 60
pediatric nephrology centers who work together in col-
laborative pediatric nephrology research. The ASPN is
the premier organization of pediatric nephrologists in
North America with approximately 150 pediatric neph-
rology groups/centers, including all of the MWPNC
sites except those in Canada. The survey was anonym-
ous and was not offered to fellows. Data were reported
as median [interquartile range (IQR)] and frequency
(percent). Responses were compared between “small”
(4 or fewer nephrologists per center) and “large” (more
than four nephrologists) centers by the Wailcoxon
rank-sum test or Fisher’s exact test, as appropriate.
Centers were categorized based on the median number
of nephrologists per center in the cohort. All p-values
were two-sided with statistical significance evaluated at
the 0.05 alpha level. All analyses were performed in
SAS Version 9.4 (SAS Institute, Inc., Cary, NC).

Results

Study participants

The survey was offered to active members of the
MWPNC who previously provided their emails to the
MWPNC database (n = 200). Individual response rate
was 33% and response rate per institution (the per-
centage of institutions with at least one response)
was >50%. The response rate per institution could
not be calculated precisely because reporting institu-
tion was optional and seven nephrologists elected
not to report their institution. In total, seventy-three
pediatric nephrologists responded to the survey,
representing 26 states and D.C. in the U.S., and two
Canadian provinces. Sixty-six participants, who re-
ported their institution, represented 41 pediatric
nephrology practices, 23 small (4 or less pediatric ne-
phrologists per practice) and 18 large (5 or more
pediatric nephrologists per practice). There were on
average 1.6 responses per practice (range 1-5). There
were no significant differences in the number of
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responses per practice between small (1.5 responses)
and large (1.7 responses) practices.

Practice characteristics

The median number of pediatric nephrologists per cen-
ter was 4 [IQR: 3, 8], and the median number of years
spent in practice after fellowship was 9 [IQR: 4, 15]
(Table 1). Most nephrologists (60.3%) reported taking
care of 1-5 patients receiving rhGH. In small centers,
17.5% of nephrologists did not have any patients treated
with rhGH, which was not seen in large centers (Table
1). Institutions represented by nephrologists who had
more than 5 rhGH patients also had a higher number of
dialysis patients compared to institutions represented by
nephrologists who had five or fewer rhGH patients (15
[10, 27] vs. 9 [4, 18], respectively; p = 0.03).

Availability of resources to support rhGH treatment
program

Resources available for the support of rhGH treatment
program were significantly different between small and
large centers (Table 2). Thus, while the majority of large
centers had a renal dietitian (90.9%), only half of small
centers had a renal dietitian (p = 0.001). Furthermore, in
a third of small centers nutritional needs of children
with growth failure and CKD were addressed solely by
pediatric nephrologists. Conversely, 43.6% of small cen-
ters utilized endocrinology for most aspects of rhGH
therapy, compared to 6.3% in large centers (p < 0.001).
Prior authorization for rhGH therapy was addressed pri-
marily by the nurses (75.3%), with slightly more avail-
ability of nursing support for prior authorization in large
centers vs. small centers (81.8% vs. 70.0%, respectively,
p = 0.04) (Table 2).

Work up preceding rhGH therapy

The routine workup for rhGH therapy candidates with
CKD differed significantly among centers (Fig. 1). Most
pediatric nephrologists routinely obtained bone age, but
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hip and knee X-rays were obtained by only 39.7%. Ap-
proximately half of pediatric nephrologists obtained thy-
roid studies. Serum IGF-1 was measured by fewer than
half of nephrologists, and was ordered more frequently
in small centers (p = 0.02). About a third of study partic-
ipants reported ordering IGF-binding protein 3
(IGFBP3), also with a trend toward more frequent use in
small centers. Endocrinology consultation was part of
the initial workup almost exclusively in small centers
(p = <0.001). Interestingly, in centers with regular endo-
crinology involvement, IGF-1 was obtained more fre-
quently (in 64.7% vs. 35.3% in centers with rare
endocrinology involvement; p = 0.007). Ophthalmologic
evaluation was rarely utilized prior to rhGH therapy ini-
tiation in both large and small centers (Fig. 1).

Reported reasons for not prescribing growth hormone to
short children with CKD

Family refusal was the most common reason for short
children not receiving rhGH in both large and small
centers (Fig. 2). Fear of injections was the most common
reason for family refusal (Fig. 2, insert). Overall, concern
about side effects was the second most common reason
for family refusal. Medical contraindications for rhGH
therapy include active malignancy, uncontrolled severe
hyperparathyroidism and closed epiphyseal growth
plates, among others [1, 9]. In large centers, medical
contraindications were the second most common reason
for not prescribing rhGH (p = 0.03, difference from
small centers). In small centers, the second most com-
mon cause was difficulties with insurance approval
(p = 0.05, difference from large centers).

Benefits and risks of growth hormone therapy in children
with CKD

The majority of pediatric nephrologists believed that
rhGH therapy improves the QOL of short children with
CKD (Fig. 3). About 40% of participating nephrologists
believed that growth hormone increases lean body mass,

Table 1 General characteristics of the survey participants by the size of participating centers

Total (73 responses) Small centers (40 responses) Large centers (33 responses) p-value

Number of pediatric nephrologists per center, 43, 8] 3103, 4] 81[7,10]
median [IQR]
Number of pediatric nephrologists who were 25 (34) 10 (25) 15 (45) 0.07
in practice for >10 years, n (%)
Number of patients receiving rhGH, n (%): 0.02°

0 7 (9.6) 7 (17.5) 0 (0)

1-5 44 (60.3) 20 (50.0) 24 (72.73)

>5 22 (30.1) 13 (32.5) 9 (27.27)
Number of patients on dialysis, median [IQR] 12 [5, 18] 553, 11] 215 [13, 32.5] <0.001

“Fisher's exact test, IQR-interquartile range [25%, 75%], rhGH- recombinant human growth hormone. All data are shown per center, except the numbers of patients

receiving rhGH, which are shown per nephrologist
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Table 2 Resources available to support growth hormone treatment program by the size of participating centers
Total (73 responses) Small centers (40 responses) Large centers (33 responses) p-value
Nutritional support for short children with pre-dialysis CKD, n (%)
Renal dietitian 50 (68.5) 20 (50.0) 30 (90.9) 0.001°
Pediatric dietitian 9(12.3) 7 (175) 1 (3.0
Pediatric nephrologist 15 (20.6) 13 (32.5) 2(6.1)
Role of endocrinology in thGH management in CKD, n (%)
Primary 19 (26.8) 17 (43.6) 2 (6.3) <0.001°
Initial consultation 4 (5.6) 3(7.7) 13.1)
Challenging cases 11 (15.5) 6 (154) 5(15.6)
Rarely involved 37 (52.1) 13 (33.3) 24 (75.0)
Prior authorization for rhGH, n(%)
Nurse 55 (75.3) 28 (70.0) 27 (81.8) 0.04°
Attending physician 8 (11.0) 3 (7.50) 5(15.2)
Other 10 (13.7) 9 (22.5) 1(3.0)

“Fisher's exact test

and about a third stated that it improves nutrition and
appetite. Senior nephrologists were more likely to be-
lieve that rhGH improves nutrition and appetite than
their junior colleagues (p = 0.047). Only 23.3% of ne-
phrologists thought that rhGH improves physical func-
tion (Fig. 3). Side effects of rhGH therapy were observed
by pediatric nephrologists infrequently (Additional file 2:
Figure S1). Headaches and benign intracranial hyperten-
sion were reported as the most frequent side effects.

Discussion
In this study, we describe contemporary pediatric neph-
rology practice variability in the approaches to growth

hormone therapy for short stature in children with
CKD. Our analysis was based on a large sample of
participating pediatric nephrology centers in North
America. Availability and utilization of ancillary re-
sources was a major variable related to the size of the
practice.

Available data indicate that rhGH is under-utilized in
short children with CKD in the U.S. and Europe. An
earlier study conducted by the MWPNC [13] found that
51% of children with CKD whose height fell below the
5th percentile had not received rhGH. In a recent
European study including 13 countries, short stature
was present in 30.1% of dialysis patients and only 25.1%
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of these short children were receiving rhGH. Moreover,
only 7.6% of the 42.3% of transplant patients with short
stature were receiving rhGH [12]. Kidney Disease Out-
comes Quality Initiative (KDOQI) guidelines provide
limited recommendations for treatment of short stature
in pediatric CKD [14]. A group of US experts developed
a consensus statement about the assessment and treat-
ment of short stature in pediatric patients with CKD in
2006 [9]. Acceptance of this consensus by the broader
pediatric nephrology community and achievement of
recommended practices has not been evaluated to date.

The consensus statement suggests evaluation of bone
age, hip and knee x-rays, funduscopic exam and thyroid
studies prior to rhGH therapy initiation. Bone age, also
required by most payers for rhGH approval for children
older than 12 year., was a routine part of the workup in
most of the centers in this study. Thyroid function tests
were reported by less than half of study participants, and
hip and knee X-rays by less than third. Ophthalmologic
evaluation was very infrequent, despite benign intracra-
nial hypertension being the most frequent observed side
effect of rhGH therapy. Serum IGF1 and IGFBP3 were
part of the workup in the substantial number of centers,
particularly in small centers where endocrinology con-
sultation was more frequent. Overall, our data demon-
strate significant variability in approaches to the initial
assessment of short children with CKD prior to rhGH
treatment initiation, and in many cases substantial differ-
ences from the 2006 Consensus Statement.

This study demonstrated significant variability in prac-
tice patterns relates to practice group size and resources.
The majority of participating pediatric nephrologists
cared for 1-5 short children with CKD treated with
rhGH, and pediatric endocrinologists managed these pa-
tients in almost half of the smaller centers. The oppor-
tunities for rhGH management may be less frequent in
smaller centers, potentially due to fewer resources
resulting in outsourcing to endocrinology. Thus, almost
20% of pediatric nephrologists from small centers re-
ported that they do not have any patients treated with
rhGH in their practice. Our results demonstrate various
models of interaction between pediatric nephrology and
endocrinology in management of short stature in chil-
dren with CKD. Investigation of whether this variability
results in different outcomes was beyond the scope of
our study, but would be of interest in future studies.

Both KDOQI and the 2006 Consensus Statement rec-
ommend nutritional optimization prior to starting rhGH
[9, 14]. Dietary management of children with CKD is
complex and time-consuming [15]. Pediatric renal
dietitian support seems to be the optimal solution to
these challenges. Our data demonstrated that >90% of
nephrologists practicing in large centers had renal
dietitian support. In contrast, only half nephrologists
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from small centers had such support. Our study was not
designed to confirm whether renal dietitian unavailabil-
ity led to rhGH underutilization and outcomes differ-
ences. However, it suggests that variability in nutritional
support should be considered in organizing rhGH treat-
ment programs for short children with CKD and
ensuring their success.

In our study, family refusal was the leading cause of
short children with CKD not receiving rhGH. This is
consistent with an earlier report [13], where family re-
fusal accounted for 18% of short children with CKD not
being treated with rhGH. This significant number of re-
fusals may indicate a need for developing specific coun-
seling strategies targeting the issue of refusal. Our data
indicated that fear of injections was the number one rea-
son for family refusal, followed by side effect concerns.
Alleviating fear of injections seems to be a promising
target in increasing use of this therapy. Systematic ana-
lysis of treatment satisfaction of children with CKD who
completed rhGH therapy may reveal the actual signifi-
cance of the discomfort from injections. Cost of thGH
treatment was not reported as a significant reason for
refusal, but this may be different beyond North America.

Medical contraindications were the second most com-
mon reported reason for not receiving rhGH in our
study. This reason was reported more frequently by ne-
phrologists practicing in large centers, possibly due to
the overall higher complexity of patients with CKD in
large centers. Difficulties with insurance approval were
the third leading cause for rhGH underutilization. Im-
portantly, insurance problems were reported more fre-
quently in small centers, again suggesting that
availability of resources may be affecting care in
pediatric nephrology practices. Prior authorization was
obtained by the nurses in the majority of both small and
large centers but differences in the scope of nephrology
nurses’ responsibilities in small vs. large centers may ac-
count for some of the insurance difficulties with rhGH
approval.

The majority of pediatric nephrologists indicated that
rhGH therapy improves QOL of children with CKD. It is
important to highlight, however, that we still do not have
direct evidence of such a benefit. Short stature in CKD
is associated with worse QOL, particularly in the phys-
ical functioning domain [5]. Analysis of the large cohort
of north American children with CKD showed an associ-
ation between rhGH use and improved child’s physical
and social functioning by parental report [7]. QOL stud-
ies in children with non-CKD related short stature treated
with rhGH have yielded conflicting results [16, 17]. Evi-
dence of improved QOL with rhGH treatment in CKD is
needed, as it may help to impact use of this therapy in
short children with CKD. It has been suggested that rhGH
therapy may provide additional benefits, such as anabolic
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effects [8], in children with CKD [9]. More research is
needed to investigate these and other potential benefits of
rhGH therapy in pediatric CKD population, which in turn
may increase the number of short children with CKD tak-
ing advantage of rhGH treatment.

Our study has some limitations. The study was not de-
signed to fully investigate the root causes of differences
in rhGH management in children with CKD between in-
stitutions and individual nephrologists. There may have
been a selection bias because physicians who were tak-
ing care of more children treated with rhGH (e.g., those
attending CKD designated clinics, dialysis medical direc-
tors, transplant nephrologists) could have been more
interested in study participation than those seeing fewer
patients with advanced CKD and ESRD.

Conclusions

This study found substantial variation in practice
between pediatric nephrologists caring for short children
with CKD. Practice size appears to be a major determin-
ant of the logistic approach to rhGH management. Fear
of injections was perceived as a most common obstacle
to thGH therapy initiation. Pediatric nephrologists be-
lieve that rhGH improves QOL in children with growth
failure and CKD. Our data suggests that opportunities
are available to standardize care to improve growth
outcomes in children with CKD.
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