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Background: To estimate the cost of US hospital admissions and outpatient surgeries associated with
achondroplasia. Materials & methods: Using 2017 data from nationally representative databases, this
study identifies hospital admissions and outpatient encounters with an achondroplasia diagnosis.
Descriptive measures are reported. Results: There were 1985 achondroplasia admissions nationwide. The
most frequent admissions were neonatal care (33.7%) in children and musculoskeletal (22.7%) in adults.
Average hospital length of stay was 6.8 days, 2.2 days longer than the US mean. Total mean inpatient costs
were US$19,959, $7789 greater than the US mean. In the outpatient setting, children 5–14 years accounted
for 56.9% of procedures. Conclusion: Achondroplasia is a serious condition with a wide range of lifelong
complications frequently requiring hospitalization and surgical intervention.
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Achondroplasia is the most common form of skeletal dysplasia, with an estimated prevalence of approximately
1 in 25,000 individuals in North America [1,2]. The condition results from mutations of the FGFR3 gene, a
negative regulator of bone growth, which results in the underdevelopment and shortening of the long bones
formed by endochondral ossification [3]. Achondroplasia causes impaired bone development throughout the body,
resulting in reduced growth velocity, severely reduced height and disproportionality (including shortened proximal
limbs) [3–5]. Impaired endochondral ossification leads to a variety of serious orthopedic, neurological, respiratory
and otolaryngologic complications [3,4,6–8] and results in increased mortality [9,10]. Common manifestations include
sleep apnea, recurrent otitis media, hearing loss and resulting speech delay, chronic pain and spinal complications
(e.g., stenosis, compression, kyphosis) [2,9–17].
Patients often require multiple surgeries over their lifetimes [2,4,6–8,18–20]. Infants may require foramen magnum
decompression or hydrocephalus-related surgery (e.g., ventriculoperitoneal shunt) [3,5]. In children, tympanostomy
tubes, tonsillectomy, adenoidectomy, foramen magnum decompression and procedures to address bowed legs are
commonly performed, with procedures to address spinal stenosis or kyphosis becoming more common later in life.
Beyond the high costs and negative impact on quality of life caused by these surgeries, surgery itself is riskier due to
anatomic variations associated with achondroplasia [21–23]. The first pharmacological treatments for achondroplasia
were approved in late 2021 [24].
Some studies have examined surgical interventions and associated complications in achondroplasia [4,18–20,25–27],
but there are no national estimates of the numbers of hospitalizations or types of surgeries in this population
in the USA. Spinal decompression and other major procedures require inpatient admissions. Other common
surgeries, like tympanostomy tubes, are done in the outpatient setting. Therefore, to describe the burden of
hospitalization and surgery in achondroplasia, we conducted a retrospective analysis using the most recent data
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from the National (Nationwide) Inpatient Sample (NIS) and the Nationwide Ambulatory Surgery Sample (NASS).
These two databases are, respectively, the largest source of data on hospitalizations in the USA and the largest single
source of data on ambulatory procedures. Recognizing that the reasons for hospitalization and types of procedures
differ for adults and children, we analyzed these groups separately.

Materials & methods
Study design & data sources
This retrospective analysis was conducted using 2017 data from two separate data sources, each containing different
types of data. Specifically, we used data from NIS and NASS. Both databases are part of the Healthcare Cost
Utilization Project (HCUP) and developed through a federal-state-industry partnership sponsored by the Agency
for Healthcare Research and Quality [28]. All data used in this study were de-identified and the study did not require
institutional review board approval or patient consent.
National (Nationwide) Inpatient Sample
NIS is the largest publicly available all-payer inpatient healthcare database in the USA. Each NIS observation
represents a unique discharge and overall, NIS represents a 20% stratified sample of all discharges in the USA.
The 48 states participating in the 2017 NIS were geographically dispersed and accounted for 97% of the total
US resident population and 96% of discharges from US community hospitals [29]. Unweighted, NIS contains data
from >7 million hospital stays each year. The database is specifically designed to allow the calculation of national
estimates. Using discharge weights provided by HCUP, each NIS discharge can be weighted to represent a national
estimate. With this method, for each year of data, the sum of the discharge weights equals the total number of
hospital discharges in the hospital universe for that year. HCUP calculates the discharge weights for NIS data by
first stratifying NIS hospitals on the same variables (census division, urban/rural location, teaching status, bed size
and ownership) that are used to create the sample. The weight is then computed for each stratum by dividing the
number of universe discharges in that stratum by the number of NIS discharges in the stratum [30,31]. More detail
on NIS and the weighting approach used is available at www.hcup-us.ahrq.gov/nisoverview.jsp#about. In all NIS
analyses, the unit of analysis is the discharge, not the patient and a patient discharged more than once would be
counted more than once. The database does not contain identifiers that can be used to track patients across multiple
hospitalizations. For simplicity, we use the term ‘patient’ and ‘discharge’ interchangeably when referring to results
from NIS.
Nationwide Ambulatory Surgery Sample
NASS is the largest all-payer, national ambulatory/outpatient surgery database in the USA. The 33 states that
participated in the 2017 NASS were geographically dispersed and accounted for 82% of the total US resident
population, an estimated 63% sample of the universe of hospital-owned facilities and an estimated 72% sample of
the universe of ambulatory surgery encounters [32]. Unweighted, the 2017 sample contains data from approximately
9.9 million ambulatory surgical procedures. Like NIS, NASS is designed to allow the calculation of national
estimates. HCUP assigns each encounter in NASS a weight, computed as the ratio of the number of universe
ambulatory surgery encounters within each stratum to the number of ambulatory surgery encounters from sample
hospitals selected for NASS. The database thus represents a weighted total of 13.7 million procedures. NASS
is organized at the procedure level, with each observation representing a unique encounter. No uniform patient
identifier is available that would allow a patient-level analysis to identify individuals with more than one ambulatory
surgery encounter [32]. For the purposes of this study, we use the term ‘patient’ and ‘encounter’ interchangeably
when referring to results from NASS.

Patient identification

In both databases, patients with achondroplasia were identified using the International Classification of Disease,
10th Revision, Clinical Modification (ICD-10-CM) code Q77.4. This is the diagnosis code for achondroplasia, in
addition to the more uncommon conditions hypochondroplasia and osteosclerosis congenita. In the current study,
we included all hospital discharges recorded in the 2017 NIS with a discharge diagnosis of Q77.4 in any position
and all outpatient encounters in the 2017 NASS with a diagnosis of Q77.4.
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Overall mean hospital costs†

Overall mean LOS (days)
Children

7.1
$18,224

6.6

Adults
National average, adults
National average, children

$22,031

$12,931

4.7
4.0

$7935

Figure 1. Mean LOS and hospital costs† for patients admitted with achondroplasia compared with national average‡ .
† Physician costs were not included.
‡ National average based on Healthcare Cost and Utilization Project values.
LOS: Length of stay.

Measures

For NIS, reported measures include patient demographics (age, gender, race) hospital characteristics (region, bed
size [categorized as small, medium or large, depending on the type of hospital and region], urban/teaching status),
payer type, diagnoses, procedures, length of stay (LOS) and total charges. Charges for a particular discharge
represent the amount that hospitals bill, rather than the actual expenses incurred in the provision of services. Only
total hospital charges are included in NIS. Total charges do not include professional fees [28]. To convert hospital
charges to costs, we used the hospital-specific cost-to-charge ratio files, which are provided by HCUP based on data
collected from the Centers for Medicare and Medicaid Services [33]. Neither the charges reported by NIS nor the
calculated total cost can be divided into component parts (e.g., surgery or intensive care unit). We considered the
entire hospitalization cost as being related to surgery if the surgery of interest was listed as the principal procedure.
Cost and LOS were also reported categorized into the 23 organ-system major diagnostic categories (MDCs) defined
by Centers for Medicare and Medicaid Services [34].
For NASS, reported measures include patient demographics (age, gender), surgical procedures performed, payer,
affiliated hospital characteristics (region, bed size [categorized as <100, 100–299 and ≥300], urban/teaching
status) and total charges [35]. The total charge for a case includes only the facility charge, not physician bills nor
charges incurred outside of the ambulatory surgery setting. Reported charges represent billed amounts, not expenses
incurred. The actual facility cost for each outpatient case in NASS was estimated using the hospital outpatient
prospective payment system [36]. The hospital outpatient prospective payment system final rule cost statistical tables
report mean cost values for each Current Procedural Terminology (CPT) code [37]. We used these tables to estimate
the cost for each encounter. When more than one CPT code was entered for a single encounter, the code with the
highest cost was used to determine the total cost for the encounter. Costs were reported grouped into broad clinical
categories using CPT codes.
Statistical analysis

The unit of analysis was hospitalization (NIS) or outpatient procedure encounter (NASS). Descriptive statistics,
including means, 95% CIs, relative frequencies and percentages were reported. Only weighted results were reported.
Cost and LOS outcomes for each MDC were compared with HCUP national mean values. These national values
were estimated with a tool provided by HCUP [38]. Results were reported both overall and stratified by age into
children (<18 years old) and adults (≥18 years old). Per HCUP policy, cells with n <11 are not reported. All data
transformations and statistical analyses were performed using SASC version 9.4.
Results
National (Nationwide) Inpatient Sample

In 2017, there were 1985 hospital admissions of patients with achondroplasia in the USA. The mean (95% CI)
age for all admissions was 26.8 (24.0–29.6) years (Table 1 ). The majority of hospitals were large, urban and
teaching hospitals, with large bed size (Table 2). Considering both adults and children, the mean LOS was 6.8
(5.7–8.0) days and total mean inpatient costs were US$19,959 ($16,801–$23,118) for an overall inpatient cost
of US$39,618,615. Both LOS and total costs were higher than the national average (4.6 days and US$12,170,
respectively) (Figure 1).
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Table 1. Patient demographics and payer characteristics for inpatient hospitalizations.
Adults

Children

Weighted no. of admissions

1080

905

All
1985

Age, mean (95% CI)

45.9 (43.3–48.5)

4.0 (3.0–4.9)

26.8 (24.0–29.6)

Median (min:max)

43 (18:87)

1 (0:17)

22 (0:87)

0–4

n/a

69.1 (61.4–76.8)

31.5 (26.5–36.5)

⬍1

n/a

48.1 (39.7–56.5)

21.9 (17.6–26.2)

1–4

n/a

21.0 (15.0–27.0)

9.6 (6.5–12.7)

5–14

n/a

22.7 (16.2–29.1)

3.8 (1.5–6.0)

15–17

n/a

8.3 (3.5–13.1)

14.1 (10.5–17.7)

18–30

25.9 (19.9–32.0)

n/a

16.6 (12.9–20.4)

31–49

30.6 (24.4–36.7)

n/a

10.3 (7.0–13.7)

50–64

25.5 (19.3–31.6)

n/a

13.9 (10.1–17.6)

65+

18.1 (12.5–23.6)

n/a

9.8 (6.7–13.0)

62.5 (55.7–69.3)

47.5 (39.5–55.5)

55.7 (50.5–60.8)

Age group, % (95% CI)

Female, % (95% CI)
Race, % (95% CI)
White

55.6 (48.3–62.8)

48.1 (39.6–56.5)

52.1 (46.6–57.7)

Black

19.4 (13.8–25.1)

13.3 (7.9–18.6)

16.6 (12.6–20.6)

Hispanic

12.0 (6.9–17.1)

16.0 (10.0–22.1)

13.9 (9.8–17.9)

Other

6.5 (3.0–9.9)

15.5 (9.3–21.6)

10.6 (7.1–14.0)

Missing

6.5 (2.1–10.9)

7.2 (2.7–11.7)

6.8 (3.7–9.9)

Medicare

45.4 (38.6–52.2)

0.6 (0.0–1.6)

24.9 (20.4–29.5)

Medicaid

24.5 (18.8–30.3)

49.7 (41.6–57.8)

36.0 (30.8–41.3)

Private (including HMO)

25.9 (20.0–31.9)

43.6 (35.5–51.8)

34.0 (28.8–39.2)

Self-pay

2.8 (0.6–5.0)

1.7 (0.0–3.5)

2.3 (0.8–3.7)

Missing/No charge/Other

1.4 (0.0–3.0)

4.4 (1.5–7.4)

2.8 (1.2–4.4)

Primary payer, % (95% CI)

HMO: Health maintenance organization.

Table 2. Hospital characteristics for inpatient hospitalizations.
Weighted no. of admissions

Adults

Children

All

1080

905

1985

Region of hospital, % (95% CI)
Northeast

18.1 (13.0–23.1)

13.8 (8.3–19.4)

16.1 (12.4–19.9)

Midwest

30.6 (23.3–37.8)

18.2 (11.4–25.1)

24.9 (19.8–30.1)

South

31.5 (24.3–38.6)

38.1 (29.3–46.9)

34.5 (28.8–40.3)

West

19.9 (14.1–25.7)

29.8 (20.6–39.0)

24.4 (19.0–29.9)

Urban hospital, % (95% CI)

95.4 (92.3–98.4)

97.2 (94.8–99.6)

96.2 (94.3–98.2)

Teaching hospital, % (95% CI)

80.1 (74.6–85.6)

88.4 (83.0–93.7)

83.9 (80.0–87.8)

Bed size of hospital, % (95% CI)
Small

19.4 (13.4–25.5)

18.2 (11.2–25.3)

18.9 (14.1–23.7)

Medium

19.0 (13.2–24.8)

24.3 (16.5–32.1)

21.4 (16.6–26.2)

Large

61.6 (54.3–68.9)

57.5 (48.4–66.5)

59.7 (53.8–65.6)

Considering children separately, of the 1985 admissions for achondroplasia, 905 (45.6%) were of children (<18
years old). The mean age of children admitted as inpatients was 4.0 (3.0–4.9) years. Medicaid was the primary
payer for 49.7% (41.6%–57.8%) (Table 1). The mean LOS for all admitted children was 7.1 (5.0–9.2) days
and mean total costs were US$22,031 ($16,311–$27,752), both higher than the national average (Figure 1). The
most frequent MDC comprised conditions originating in the perinatal period (33.7% of discharges), followed by
musculoskeletal (21.0%), respiratory (18.2%), nervous system (10.5%), and ear, nose and throat (6.1%) disorders,
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Children with ACH
Mean LOS, days
Conditions originating in perinatal period, 305
(33.7%)

3.8

Musculoskeletal, 190 (21.0%)

3.8
3.4

Ear, nose, mouth and throat, 55 (6.1%)

$5153
$18,862

11.6

$22,755
$31,010

4.0

Respiratory system, 165 (18.2%)
Nervous system, 95 (10.5%)

Children with ACH
Mean hospital costs†

$12,000
6.2

$23,236
$17,968
$13,302

4.5
2.8
2.7
2.6

$9224
$14,057
National average – children

Children with ACH

Figure 2. Mean LOS and hospital costs† in children admitted with ACH compared with national average‡ by major diagnostic
category§ , n (%).
† Physician costs were not included.
‡ National average based on Healthcare Cost and Utilization Project values.
§
Categories with weighted % ≥5%.
ACH: Achondroplasia; LOS: Length of stay.

with other MDCs each making up less than 5% of discharges. The mean LOS for conditions originating in the
perinatal period was 11.6 (6.2–16.9) days, compared with a national average of 3.8 days and the mean cost was
US$18,862 ($7117–$30,607), compared with a national average of US$5153 (Figure 2). For the other diagnostic
categories, the mean total hospital costs ranged from US$13,302 ($8081–$18,522) for diseases and disorders of
the nervous system to US$31,010 ($22,694–$39,327) for disorders of the musculoskeletal system and connective
tissue. The cost for respiratory- and musculoskeletal-related admissions was substantially higher than the national
average (Figure 2).
Adults comprised the remaining 1080 of the 1985 (54.4%) admissions and their mean age was 45.9 (43.3–48.5)
years. Medicare was the primary payer for 45.4% (38.6%–52.2%) of adults (Table 1). The mean LOS was 6.6
(5.5–7.7) and total mean inpatient costs were US$18,224 ($15,157–$21,292) for adults, both higher than the
national average (Figure 1). The most frequent diagnostic category comprised disorders of the musculoskeletal
system and connective tissue (22.7% of discharges), followed by respiratory (12.0%); infectious and parasitic
diseases (10.2%); pregnancy, childbirth and puerperium (9.7%); nervous system (7.9%); kidney and urinary tract
(7.4%); digestive (6.0%); and circulatory (5.1%) disorders, with other MDCs each making up less than 5% of
discharges. Inpatients with the MDC of musculoskeletal and connective tissue disorders had a mean LOS of 6.3
(4.1–8.5) days, compared with the national average of 3.9 for this category (Figure 3). This diagnostic category was
also the most expensive with a mean cost of US$27,874 ($20,962–$34,787) compared with the national average
cost of US$17,700. Achondroplasia patients with nervous system disorders had a mean hospital cost of US$23,161
($11,488–$34,833) and LOS of 9.1 (5.0–13.2) days, compared with the national average of US$15,403 and
5.7 days. Those with diseases of the circulatory system had a mean cost of US$22,606 ($12,228–$32,983) and
LOS of 7.2 (4.7–9.7) compared with the national average US$17,059 and 4.7 days. Achondroplasia patients with
respiratory system disorders had a mean hospital cost of US$19,340 ($7266–$31,415) and LOS of 8.3 (2.3–14.4)
compared with the national average of US$12,081 and 5.0 days. Mean hospital costs were higher than national
averages for all remaining diagnostic groups except diseases and disorders of the digestive system (Figure 3.)
Nationwide Ambulatory Surgery Sample

In 2017, there were 532 outpatient encounters for patients with achondroplasia in the hospital-affiliated ambulatory
surgery centers represented by NASS. The mean age for all encounters was 14.0 (12.0–15.9) years. Affiliated
hospitals were mainly large institutions with 300+ beds (Tables 3 & 4). The total mean costs were US$3131
($2853–$3410) (not shown).
Of 532 outpatient encounters, 410 (77.1%) were for children. The mean age for children seen in ambulatory
surgery centers was 6.8 (6.1–7.4) years and 56.9% (50.0%–63.9%) of encounters were for children between 5
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Adults with ACH
Mean LOS, days
3.9

Musculoskeletal, 245 (22.7%)

Adults with ACH
Mean hospital costs†

5.0

Respiratory system, 130 (12.0%)

Digestive system, 65 (6.0%)
Circulatory system, 55 (5.1%)

$19,340
$17,714
$22,488

8

2.7

$5199
$7515

3.8
5.7

Nervous system, 85 (7.9%)
Kidney and urinary tract, 80 (7.4%)

$27,874

$12,081

8.3
6.9

Infectious and parasitic diseases, 110 (10.2%)
Pregnancy, childbirth and the puerperium, 105 (9.7%)

$17,700

6.3

$15,403
$23,161

9.1
$10,411
$10,649
$12,185
$9548

4.5
4.3
4.7
3.8
4.7

$17,059
7.2
National average – adults

$22,606

Adults with ACH

Figure 3. Mean LOS and hospital costs† in adults admitted with ACH compared with national average‡ by major diagnostic category§ ,
n (%).
† Physician costs were not included.
‡ National average based on Healthcare Cost and Utilization Project values.
§
Categories with weighted % ≥5%.
ACH: Achondroplasia; LOS: Length of stay.

Table 3. Patient demographics and payer characteristics for outpatient encounters.
Adults

Children

All

Weighted no. of encounters

123

410

532

Age, mean (95% CI)

38.0 (33.9–42.1)

6.8 (6.1–7.4)

14.0 (12.0–15.9)

Median (min:max)

34 (18:87)

6 (0:17)

9 (0:87)

0–4

n/a

37.3 (30.3–44.4)

28.7 (22.9–34.5)

5–14

n/a

56.9 (50.0–63.9)

43.8 (37.6–50.0)

15–17

n/a

5.8 (2.9–8.6)

4.4 (2.2–6.6)

18–30

45.5 (33.1–57.8)

n/a

10.5 (7.0–14.0)

31–49

26.7 (16.4–37.0)

n/a

6.2 (3.3–9.1)

50–64

18.9 (10.7–27.2)

n/a

4.4 (2.2–6.5)

65+

8.8 (3.1–14.5)

n/a

2.0 (0.7–3.4)

64.7 (54.3–75.1)

46.7 (41.1–52.3)

50.8 (45.9–55.8)

Medicare

23.1 (14.0–32.2)

1.1 (0.0–2.4)

6.2 (3.6–8.8)

Medicaid

31.3 (19.9–42.7)

36.3 (29.0–43.5)

35.1 (28.7–41.5)

Private (including HMO)

40.7 (28.5–52.9)

57.8 (50.5–65.2)

53.9 (47.0–60.8)

Self-pay

2.2 (0.0–5.3)

0.4 (0.0–1.2)

0.8 (0.0–1.7)

Missing/No charge/Other

2.6 (0.0–6.3)

4.4 (1.9–6.8)

4.0 (1.9–6.1)

Age group, % (95% CI)

Female, % (95% CI)
Primary payer, % (95% CI)

HMO: Health maintenance organization.

and 14 years old. Private (including health management organization) insurance was the primary payer for 57.8%
(50.5%–65.2%) of these encounters (Table 3). The mean cost was US$2806 ($2503–$3109). Nearly all (96.5%)
procedures were ear, nose, and throat (ENT) (78.5%) or orthopedic (18.0%) (Figure 4A).
The remaining 123 (23.1%) encounters were for adults. Private (including health management organization)
insurance was the primary payer for adults (40.7% [28.5%–52.9%]) (Table 3). The mean cost for adults was
US$4217 ($3545–$4889). The most common outpatient procedures among adults were orthopedic (27.1%)
(Figure 4B).
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Table 4. Hospital characteristics for outpatient encounters.
Adults

Children

All

123

410

532

Northeast

11.8 (5.1–18.5)

11.5 (6.3–16.7)

11.6 (7.1–16.0)

Midwest

25.5 (16.6–34.4)

22.6 (12.3–33.0)

23.3 (14.6–31.9)

South

41.8 (29.5–54.2)

39.2 (26.7–51.6)

39.8 (29.1–50.5)

West

20.8 (11.3–30.3)

26.7 (15.8–37.7)

25.3 (15.9–34.8)

Weighted no. of encounters
Region of hospital† , % (95% CI)

Urban hospital,† % (95% CI)

92.4 (85.3–99.5)

98.4 (96.5–100.0)

97.0 (94.7–99.3)

Teaching hospital,† % (95% CI)

76.9 (66.9–86.9)

95.5 (92.4–98.5)

91.2 (87.5–94.8)

Small (⬍100 beds)

12.1 (3.7–20.6)

2.8 (0.0–6.1)

5.0 (1.6–8.4)

Medium (100–299 beds)

31.5 (20.5–42.5)

22.2 (12.9–31.4)

24.3 (16.3–32.3)

Large (300+ beds)

56.3 (44.4–68.2)

75.0 (65.4–84.6)

70.7 (62.1–79.3)

Bed size of hospital† , % (95% CI)

† Hospital

which owns the outpatient surgical center.

Discussion
Patients with achondroplasia experience a variety of serious medical complications that may require a variety of
surgical interventions over their lifetimes. This is the first nationally representative study to report hospital and
outpatient surgical utilization and costs in achondroplasia. We found that, in a typical year, about 2000 people are
admitted to US hospitals with a diagnosis of achondroplasia at a cost of approximately US$40 million. The average
achondroplasia hospital admission is almost US$8000 more expensive and lasts 2 days longer than the national
average admission.
Disease manifestations vary over a patient’s lifetime. Sudden death in infants has a reported rate of approximately
7% [39] and this increased mortality has been attributed to foramen magnum stenosis. In children included in the
current study, admissions for musculoskeletal conditions comprised a large proportion of all admissions and had the
highest costs. ENT procedures were the most common reason for outpatient encounters among children. Upper
airway and otologic disease often require interventions to treat upper airway obstruction and conductive hearing
loss and associated obstructive sleep apnea and hearing loss [40], both conditions that can result in a reduction in
daily function and learning.
Musculoskeletal conditions were the most common reason for admission among adults and these admissions
had the highest costs. This is consistent with reports that in adults with achondroplasia, chronic back pain has a
prevalence of 70% [14]. As a corollary, physical function diminishes with age in adults with achondroplasia and
adults with achondroplasia report significantly lower physical and mental well-being [41].
Prior US studies using real-world data in this population have focused primarily on establishing the high rate of
comorbidities and complications [17], or examining the impact of specific surgical intervention on outcomes [42–44].
There is limited literature estimating the number and frequency of hospitalizations and surgeries in patients with
achondroplasia. In the largest multicenter natural history study of achondroplasia (>1000 individuals over a 60year period), Hoover-Fong et al. found that 81.1% of patients with achondroplasia had at least one surgery, with
ENT surgeries being the most common category (55.5%) [27]. That study examined data from a limited group of
specialized centers over multiple decades but is consistent with our findings from a more nationally representative
sample. In a retrospective chart review of patients with confirmed achondroplasia treated at a single center in
Canada, King et al. reported that 29 patients underwent 85 procedures over a period of 52 years [18]. Okenfuss
et al. reviewed 114 patient medical records to examine the lifetime impact of achondroplasia [4,45] and found ENT
procedures to be the most frequent surgery intervention [4,45]. A 2013 survey of 189 adults with skeletal dysplasia
(106 with achondroplasia) found that 28% of participants had spinal fusion or laminectomy [15].
The advantages of using NIS for this analysis included the large sample size and discharge weights. These allowed
us to calculate national estimates of cost and characterize admissions in patients with achondroplasia nationwide.
There were 74 million children in the USA in 2017 [46]. Assuming an achondroplasia prevalence of between 0.36
and 0.60 per 10,000 [47], there would have been between 2700 and 4400 children with achondroplasia in the USA
in 2017, for an annual hospitalization rate of about 0.2 to 0.34 per affected child. That same year, the general
rate of hospitalization for children in the USA was 0.07 per person, suggesting children with achondroplasia are
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Children with ACH
Urology, 1.4
Spine, 0.9
Ortho, 18.0

Ophthalmology, 0.8
General surgery, 0.4

ENT, 78.5

Adults with ACH
Urology, 4.0
ENT, 20.2

Spine, 16.5

Ortho, 27.1
General surgery, 19.9
Ob/gyn, 8.7
Ophthalmology, 3.7
Figure 4. Ambulatory surgeries with a diagnosis of achondroplasia by diagnostic category (%) - National
Ambulatory Surgery Sample. (A) Ambulatory surgeries in children with a diagnosis of ACH by diagnostic category (%)
– National Ambulatory Surgery Sample. (B) Ambulatory surgeries in adults with a diagnosis of ACH by diagnostic
category (%) – National Ambulatory Surgery Sample.
ACH: Achondroplasia; ENT: Ear, nose and throat; Ob/gyn: Obstetrics/gynecology; Ortho: Orthopedics.

hospitalized at three- to five-times the annual rate of the background population. NIS contains information on all
hospital stays, regardless of expected payer for the hospital stay. Furthermore, NIS includes Medicare Advantage
patients, a population that is often missing from Medicare claims data but comprises more than 40% of Medicare
beneficiaries [48].
Analyzing NASS allowed us to characterize outpatient procedures associated with achondroplasia. Unlike NIS,
which is representative of all acute, nonfederal hospitals in the USA, NASS estimates are representative only
of hospital-owned outpatient facilities. There is no comprehensive national data on other ambulatory surgery
centers and these nonhospital affiliated centers may represent as many as 75% of all outpatient surgery centers. As
these other centers likely differ systematically from those that are included, simply ‘upweighting’ the encounters
in NASS would produce an inaccurate estimate. Nonetheless, we feel these estimates are worth reporting, as they
represent a much more diverse sample than reported in other published studies.
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This study had other limitations. First, patient identification in both datasets was based on ICD-10-CM codes,
not clinical evaluation. The ICD-10-CM diagnosis code for achondroplasia is also used for hypochondroplasia and
osteosclerosis congenita. No published estimate for the prevalence of hypochondroplasia is available in the literature;
one source suggests it “may approach the prevalence of achondroplasia” [49]. However, hypochondroplasia is milder
in clinical presentation and less likely to result in hospitalization than achondroplasia [49]. Unintended inclusion
of hypochondroplasia cases may thus lead us to underestimate the burden of hospitalizations in achondroplasia.
Furthermore, osteosclerotic dysplasia is much less common than either achondroplasia or hypochondroplasia [50].
Second, the databases contain discharge- or encounter-level data, with no way to track individuals over multiple
episodes of care (e.g., we could not identify initial vs revision surgeries). Third, both NIS and NASS report
charges and we used these to estimate cost. Had we reported charges, the dollar amount of all estimates would have
been substantially higher. Physician costs were not included in any of our estimates; had they been, our reported
costs would have been higher. The data do not allow us to report the costs by component of care (e.g., surgery,
intensive care unit stay). We therefore categorized the entire hospitalization cost as being related to surgery if the
surgery of interest was listed as the principal procedure.
Finally, people with achondroplasia typically see a myriad of specialists for various disease-related complications
throughout their lives. There are many other types of healthcare encounters (office visits, therapy sessions, medications) that are not captured in hospital databases. Therefore, the costs estimated in this study only reflect only a
portion of the total cost of care.
We found no research directly estimating the ratio of outpatient and inpatient cost for achondroplasia, but in
general, individuals with chronic conditions incur about a third of their healthcare costs in the inpatient setting,
which would be consistent with an overall cost of achondroplasia of approximately US$120 million per year [51].
Importantly, 60% of the costs observed in our study were paid by Medicare and Medicaid.
Conclusion
In conclusion, achondroplasia is associated with a wide range of complications frequently requiring hospitalization
and surgical intervention. In 2017, the hospitalization cost alone was estimated to be US$40 million in the USA.
The current research may help raise awareness of the burden of this condition and underline the need for effective
therapies for achondroplasia. Further research is needed to verify our findings using different data sources and
to comprehensively quantify the total cost of care to support policy makers, health system managers and other key
stakeholders in resource planning. It would be particularly interesting to further explore cost differences between
children and adults with achondroplasia and to identify potential subgroups of patients with especially high burden.
Summary points
• Patients with achondroplasia experience serious complications, which vary over their lifetimes and require a
diverse group of surgical interventions.
• This study used 2017 data from two nationally representative databases, the National (Nationwide) Inpatient
Sample for inpatient hospitalization and the Nationwide Ambulatory Surgery Sample for outpatient surgery, to
estimate the burden of surgery on children and adults with achondroplasia.
• Overall, the mean hospital length of stay was 7.1 days for children and 6.6 days for adults with achondroplasia,
both longer than the national average of 4.0 days for children and 4.7 days for adults.
• Mean hospital cost was US$22,031 for children and $18,224 for adults with achondroplasia, both higher than the
national average of US$7935 for children and $12,931 for adults.
• Inpatient encounters for children and adults were commonly related to musculoskeletal problems, whereas
outpatient encounters in children were commonly for ear, nose, and throat procedures.
• The overall cost of inpatient hospitalization for achondroplasia alone (e.g., excluding all care outside of inpatient
facilities) is estimated at US$40 million per year in the USA.
• Additional research is needed to estimate the cost of outpatient care for achondroplasia.
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