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Variations in Timing of Surgery Among Boys Who
Underwent Orchidopexy for Cryptorchidism

WHAT’S KNOWN ON THIS SUBJECT: Current American Academy
of Pediatrics guidelines for the management of cryptorchidism
recommend that orchidopexy be performed when a child is
between the ages of 6 months and 1 year. Whether this guideline
is routinely followed is unclear.

WHAT THIS STUDY ADDS: Only 18% of surgically treated boys
with cryptorchidism underwent orchidopexy by 1 year of age, and
only 43% did so by the age of 2. These findings indicate a
potential opportunity for improvement in quality of care among
boys with cryptorchidism.

abstract
OBJECTIVE: Current clinical guidelines recommend that orchidopexy
be performed by the age of 1 in patients with congenital undescended
testis. We sought to examine trends in surgical timing and to determine
what factors are associated with age at surgery.

METHODS: The Pediatric Health Information System (PHIS) is a na-
tional database of�40 freestanding children’s hospitals. We searched
the PHIS to identify boys with cryptorchidism who underwent orchi-
dopexy between 1999 and 2008. Patient age at orchidopexy was evalu-
ated, andwe usedmultivariatemodels to determine factors associated
with timing of surgery.

RESULTS: We identified 28 204 children who underwent orchidopexy at
PHIS hospitals. Of these, 14 916 (53%) were white, and 17 070 (61%) had
public insurance. Only 5031 patients (18%) underwent orchidopexy by
the age of 1 year; only 12 165 (43%) underwent orchidopexy by the age
of 2 years. These figures remained stable over time (P � .32). After
adjusting for patient clustering, race (P� .001) and insurance status
(P� .001) remained associated with patient age at orchidopexy; how-
ever, the treating hospital (P� .001) was the most important factor in
predicting the timing of the procedure.

CONCLUSIONS: Only 43% had surgery by 2 years of age, which sug-
gests that either significant numbers of boys with congenital cryp-
torchidism do not undergo surgery in a timely fashion or late-onset
testicular ectopy is more common than generally recognized. Factors
associated with the timing of orchidopexy include patient race, insur-
ance status, and the hospital in which surgery is performed. Pediatrics
2010;126:e576–e582
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Cryptorchidism, or undescended tes-
tis (UDT), occurs in 3% to 5% of male
term infant births.1 The malpositioned
testis is usually found along its normal
developmental pathway from the ab-
dominal cavity into the scrotum via the
inguinal canal. The majority of UDTs
will descend spontaneously, typically
during the first 6 months of life.1,2 Be-
yond the age of 1, the percentage of
boys with congenital UDT remains rel-
atively stable at 0.8% to 1.1%.1

UDTs are associated with infertility,
malignancy, and cosmetic concerns.
UDT has been linked to abnormal tes-
ticular development, semen motility,
and morphology3–5 and may lead to
long-term infertility issues.6 In addi-
tion, there is a three- to eightfold in-
creased relative risk of testicular can-
cer in boys with UDT.7 This risk is lower
among boys who undergo early surgi-
cal treatment of the UDT with orchi-
dopexy.8 Additional considerations in-
clude the psychological effects of
childhood genital surgery and alter-
ations in emotional development or
body image related to the timing of
intervention.9

Multiple medical organizations have
made recommendations regarding the
timing of intervention.2,9–11 On the basis
of assessment of the benefits of early
treatment, as well as the recognition
that few cryptorchid testes descend
spontaneously after the age of 6
months, the 1996 American Academy
of Pediatrics guidelines formally rec-
ommend surgical repair by the age of 1
for boys with unilateral or bilateral
UDT.

However, despite convincing evidence
and consistent guidelines, a consider-
able number of orchidopexies con-
tinue to be performed beyond 1 year of
age.11–14 The prevalence of such delays,
and the factors that lead to the delays,
are not well understood. Therefore,
our aims for this study were to de-
scribe nationwide trends in compli-

ance with guidelines for timing of or-
chidopexy for UDT, and to identify
patient- and hospital-level factors as-
sociated with a child’s age at surgery.

METHODS

Data Source

We used the Pediatric Health Informa-
tion System (PHIS), a national data-
base of administrative and billing data
from 41 freestanding children’s hospi-
tals affiliated with the Child Health
Corporation of America (Shawnee
Mission, KS). The PHIS database
comprises more than 125 discrete
data points drawn from more than
1 000 000 pediatric patient encounters
including data from inpatient admis-
sions, ambulatory medical and/or sur-
gical short-stay areas, and emergency
department visits. PHIS data are
screened for accuracy on a quarterly
basis through the joint efforts of the
Child Health Corporation of America,
an independent data manager (Thom-
son Health care, Durham, NC), and
each participating hospital. Data are
accepted into the PHIS only when clas-
sified errors occur in�2% of a hospi-
tal’s quarterly data.

Patient Population

We identified all hospital or outpatient
surgical visits that occurred between
January 1999 and December 2008 for
patients younger than 18 with an Inter-
national Classification of Diseases,
Ninth Revision, Clinical Modification
(ICD-9-CM) diagnosis code for cryp-
torchidism (752.5 and 752.51). We then
selected patients who underwent sur-
gical intervention for UDT by using
ICD-9 procedure codes for orchidopexy
(62.5). We excluded patients with the
ICD-9 diagnosis code for testicular tor-
sion (608.20 and 608.24) or retractile
testes (752.52). To avoid dual counting
of 2-stage orchidopexies or redo pro-
cedures, only the first encounter for
any individual patient was included in

the final data set. PHIS hospitals pro-
vide data on inpatient hospitalizations,
with or without data on outpatients en-
counters (emergency department vis-
its, outpatient surgery, etc); in this
analysis we included data from a given
hospital only during periods when that
hospital provided both outpatient and
inpatient data (n � 31). This resulted
in the exclusion of a combined total of
171 procedures (0.6% of the total case
volume).

Variable Selection

We selected predictor variables on the
basis of biological plausibility and/or
demonstrated associations in the liter-
ature: patient race/ethnicity, insur-
ance type (private versus public),
comorbidity level, procedure year,
hospital factors (teaching status and
mean annual orchidopexy volume),
and US census region. The PHIS con-
tains self-reported race defined as
white, black, Asian, American Indian,
or other. Ethnicity is defined as His-
panic or non-Hispanic. Self-reported
Hispanic ethnicity was only found
within the white race category. To sim-
plify the analysis, we combined these
variables into a single race/ethnicity
variable with values of white/non-
Hispanic, white/Hispanic, black, and
other. Insurance status was defined as
public or private payer. Patient comor-
bidity level was defined by the All Pa-
tient Refined Diagnosis Related Group
(APR-DRG) 20 severity level (3M Health
Information Systems, Salt Lake City,
UT), and categorized as minor, moder-
ate, major, or extreme. No patients in
our sample were categorized as ex-
treme. Surgeon type was defined by
each hospital as urologist or pediatric
surgeon. The PHIS surgical complica-
tion flag was used to identify adverse
events. Hospital volume was stratified
into quartiles on the basis of each hos-
pital’s mean annual orchidopexy vol-
ume, with the low-volume quartile
compared with higher volume quar-
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tiles. US census region was defined as
Northeast, West, South, or Midwest on
the basis of the location of the PHIS
hospital.

Our primary outcome of interest, pa-
tient age at the time of orchidopexy,
was dichotomized at various cutoff
points: orchidopexy by 1, 2, or 3 years.
Analysis results were similar for all 3
end points. Therefore, we chose sur-
gery by age the 2 of as our primary
outcome, in part to avoid an overly
strict definition of the “most appropri-
ate” age for surgery.

Statistical Methods

Bivariate tests of association were
performed between the predictor vari-
ables and the binary outcome, orchi-
dopexy before or after the age of 2, by
using the Fisher’s exact test, �2 test, or
Mantel-Haenszel �2 trend test as ap-
propriate on the basis of data charac-
teristics. Multivariate logistic regres-
sion models were constructed to
further examine associations between
the predictors of interest and patient
age after adjusting for possible con-
founding. Model covariates were cho-
sen on the basis of a priori hypotheses
and/or a bivariate P value of �.2; the
covariates entered into the final model
were patient race/ethnicity, insurance
type, APR-DRG comorbidity level, and
hospital. Because region was defined
only by the geographical location of
the PHIS hospital, these covariates
were collinear and could not be used
in the multivariate model simulta-
neously. For this reason we chose to
include only the more informative of
the 2 (hospital identifier). The relative
importance of each covariate in ex-
plaining the outcome variability was
determined by comparing a series of
nested models. Generalized estimat-
ing equations were used to control
for surgeon-level patient clustering.
Model diagnostics revealed no signifi-
cant violations of regression assump-

tions. The predicted probability of sur-
gery by the age of 2 at a particular
hospital was determined by back-

transforming data from the base logis-
tic multivariate model. All analyses
were performed by using SAS 9.2 (SAS
Institute, Inc, Cary, NC). All test statis-
tics were 2-sided, and P values of�.05
were considered to be significant.

Institutional review board approval
was obtained from Children’s Hospital
Boston, and administrative approval
was obtained from the PHIS before
data extraction and analysis.

RESULTS

Patient Population

We identified 30 043 children who un-
derwent orchidopexy between 1999
and 2008, and 28 204 remained after
exclusions. Patient demographics are
presented in Table 1. The majority of
boys were white (14 916 [53%]), were
publicly insured (17 070 [61%]), had
minor comorbidity (26 045 [99%]), and
were treated by a pediatric urologist
(22 413 [84%]).

The number of orchidopexies per-
formed by age is presented in Fig 1. The
mean (�SD) age of the cohort at the
time of surgery was 4.4 (�3.9) years.

TABLE 1 Demographic Characteristics of Boys
Who Underwent Orchidopexy

Characteristic n (% of Total)

Age, y
0–1 5031 (18)
1–2 7134 (25)
3–6 7372 (26)
7–10 5283 (19)
10–18 3384 (12)
Race/ethnicity
Black 4032 (14)
White/Hispanic 3908 (14)
White/non-Hispanic 14 916 (53)
Other 5348 (19)
Insurance type
Public (or none) 17 070 (61)
Private 11 083 (39)
Region
West 4437 (16)
South 9853 (35)
Midwest 10 933 (39)
Northeast 2981 (11)
Hospital teaching status
Nonteaching 1040 (3)
Teaching 27 164 (96)
Comorbidity level
Minor 26 045 (99)
Moderate 335 (1)
Major 25 (0.1)
Surgeon type
Urologist 22 413 (84)
Pediatric surgeon 4389 (16)

FIGURE 1
Frequency of orchidopexy according to age.
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Overall, 5031 boys (18%) had surgery
by the age of 1, 12 165 (43%) by the age
of 2, and 14 598 (52%) by the age of 3. In
1999, 2003, and 2008, the proportion of
procedures performed by the age of 2
was 40%, 44%, and 42%, respectively;
there was no significant trend in age at
the time of orchidopexy over the study
period (P� .31, Mantel-Haenszel trend
test). The overall complication rate
was 0.6% and was not significantly dif-
ferent in children who underwent or-
chidopexy before or after the age of 2
(0.6% vs 0.5%; P� .17).

Bivariate Analysis

Using bivariate analysis, white/non-
Hispanic patients had a small but sta-
tistically significant increased likeli-
hood of undergoing orchidopexy by 2
years old compared with blacks or
white/Hispanics (43% vs 38% or 41%; P
� .001) (Table 2). The proportion of
surgeries before the age of 2 for hos-
pital regions ranged from 41% to 44%
(P � .03). Patient insurance status
(P � .65), comorbidity level (P � .35),
provider type (P � .71), hospital vol-
ume (P � .20 for lowest quartile ver-
sus other), and hospital teaching sta-
tus (P � .48) were not significantly
associated with age at orchidopexy.

The hospital at which a patient
sought treatment was highly associ-
ated with patient age at the time of
surgery (P� .001). The proportion of
orchidopexies performed before the
age of 2 at a given hospital ranged
from 29.5% to 53.5%. The treating
hospital had the broadest range of
unadjusted odds ratios (ORs) for any
factor (Table 2).

Multivariate Analysis

After we adjusted for confounding ef-
fects as well as surgeon-level cluster-
ing of similar patients, both patient
race (P � .001) and insurance payer
(P� .001) were significantly associated
with age at orchidopexy. Black patients

were less likely to undergo orchi-
dopexy by 2 years old than were either
white/non-Hispanics or white/Hispan-
ics (adjusted OR [aOR] of 1.33 and 1.18,
respectively; P � .001). Similarly, pri-
vately insured boys had higher odds of
undergoing orchidopexy by 2 years old
compared with publicly insured boys
(aOR: 1.12; P � .001). When individual
hospitals were comparedwith the hos-
pital with the lowest proportion of or-
chidopexies performed before the age
of 2, aOR ranged from 1.37 to 2.79
(overall P � .001). Compared with all
other covariates, the most important
predictor of surgery by 2 years old was
the hospital where surgery was per-
formed (Table 3).

Using our multivariate model, we cal-
culated the predicted probability of
surgery by the age of 2 years at each
study hospital for a boy who is white,
has private insurance, and has an APR-
DRG severity score of “minor.” Fig 2
displays the predicted probabilities
for this typical patient to undergo sur-
gery by the age of 2 years at each of the
31 PHIS hospitals. The predicted prob-
ability at a given hospital ranged from
45% (95% confidence interval [CI]:
40%–50%) to 71% (95% CI: 64%–76%).

DISCUSSION

The primary aim of this study was to
examine factors associated with the
age at which orchidopexy is performed

TABLE 2 Bivariate Analysis of Associations Between Patient- and Hospital-Level Factors and
Performance of Orchidopexy by the Age of 2 in Boys With UDT

Factor OR (95% CI)a Pb

Race/ethnicity
Black (referent) — �.001
White/Hispanic 1.10 (1.00–1.20)
White/non-Hispanic 1.23 (1.15–1.32)
Other 1.47 (1.35–1.60)
Insurance type
Public (or none) (referent) — .65
Private 1.01 (0.96–1.06)
Region
West (referent) — .03
South 1.09 (1.13–1.17)
Midwest 1.14 (1.03–1.25)
Northeast 1.10 (1.03–1.18)
Hospital teaching status
Nonteaching (referent) — .48
Teaching 1.05 (0.93–1.19)
Comorbidity level
Minor (referent) — .35
Moderate 1.17 (0.94–1.45)
Major 1.08 (0.49–2.38)
Surgeon type
Urologist (referent) — .71
Pediatric surgeon 1.01 (0.95–1.08)
Year of treatmentc

1999 (referent) — .21
2004 1.20 (0.99–1.46)
2008 1.08 (0.89–1.31)
Average annual hospital volume
Lowest quartile (referent) — .20
Other quartiles 1.03 (0.98–1.08)
Hospital No.
1 (referent) — �.001
15 1.84 (1.32–2.57)
31 2.75 (1.97–3.83)

a ORs were estimated from logistic regression.
b P was calculated by using Fisher’s exact test for binary and �2 test for categorical predictors.
c No significant trend over time (P� .32 by Mantel-Haenszel �2 trend test).
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at freestanding children’s hospitals in
North America. Contrary to our expec-
tations, the majority of orchidopexies
were still performed after the age of 2
in boys. In addition, this figure re-
mained constant during the study
period, despite the presence of guide-
lines and abundant evidence support-
ing surgical repair by the age of 1.

The finding that somany orchidopexies
are performed outside of the expected
time frame points to 1 of 2 basic expla-

nations. In the first scenario, patients
with congenital cryptorchidism (ie, pa-
tients with UDT at birth) were followed
without surgery for longer than is rec-
ommended by current guidelines.
Such delays could be the result of
many factors distinct from medical
decision-making, including family de-
lays, insurance coverage issues, or
problems with the timing of subspe-
cialty referral. In the second scenario,
patients who underwent late orchi-

dopexy primarily comprised cases of
acquired UDT (ie, patients whose tes-
tes were properly descended at birth
but subsequently ascended to an
abnormal location). Although long-
recognized as a real entity, “ascending
testis” is not typically thought of as a
common condition, and the fact that
more than half of the procedures we
observed were performed in older
boys suggests that the ascending tes-
tis is significantly more prevalent that
has been generally recognized. We will
address each of these scenarios in
turn.

Delays in surgery to treat congenital
cryptorchidism are concerning be-
cause the evidence for early repair is
so strong. The most current guidelines
for surgicalmanagement of congenital
cryptorchidism are based on numer-
ous studies that reveal the long-term
consequences of untreated UDT and
the advantages of early intervention.
Cryptorchid testes tend to be smaller
than their normally descended coun-
terparts,15 and 1 trial found that
catch-up growth of the cryptorchid tes-
tis occurred after orchidopexy was
performed at 9 months, but not when
surgery was delayed until the age of
3.16 Biopsy at the time of orchidopexy
has shown that testicular histology
tends to worsen with age.4,5,17 Germ-
cell counts may be normal in the new-
born period, but if left untreated be-
yond 2 years of age, intra-abdominal
testes have a 30% to 40% chance of
complete spermatogenic failure.18 In-
terstitial fibrosis and poor tubular
characteristics are also more com-
mon in UDT repaired after 2 years.17

Conversely, both sperm counts and
motility have been demonstrated to be
higher in young men who had their or-
chidopexy before 1 year of age.5

If congenitally cryptorchid testes are
followed nonoperatively for too long, is
there anything that could be done to
correct this? The available evidence

TABLE 3 Multivariate Analysis of Associations Between Patient- and Hospital-Level Factors and
Performance of Orchidopexy by the Age of 2 in Boys With UDT

Factor aOR (95% CI) P

Race/ethnicity
Black (referent) — �.001
White/Hispanic 1.18 (1.06–1.31)
White/non-Hispanic 1.33 (1.23–1.45)
Other 1.68 (1.52–1.87)
Insurance type
Public (or none) (referent) — �.001
Private 1.12 (1.06–1.19)
Comorbidity level
Minor (referent) — .39
Moderate 1.20 (0.93–1.55)
Major 1.06 (0.49–2.29)

Hospital No.
1 (referent) — �.001
15 1.91 (1.49–2.46)
31 2.79 (2.18–3.60)

ORs were estimated from logistic regression. Generalized estimating equations were used to adjust for surgeon-level
clustering.

FIGURE 2
Multivariate model-adjusted probability of orchidopexy by the age of 2 for individual hospitals.
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suggests there is. One successful re-
gional intervention revealed that con-
siderable improvement in timing of
orchidopexy can be achieved by
heightening awareness of, and adher-
ence to, available guidelines. In that
study, before any intervention, 45% of
referrals for UDT were initiated by par-
ents, whereas the rest were initiated
by local physicians. After the dissemi-
nation of educational materials and
implementation of an improved sys-
tem for communicating neonatal exami-
nation results, the median age at orchi-
dopexy decreased by 2.5 years.12 Other
investigators have found significant vari-
ations in the referral patternsof primary
care providers, with up to 17% recom-
mending orchidopexy after ages 3 to
10.19 These findings suggest that im-
provement is both needed and possible.

Regarding our second explanatory
scenario (ie, that acquired UDTs are
more common than previously as-
sumed), there is evidence that sug-
gests that the frequency of acquired
UDT has been underestimated. One in-
triguing finding has been the apparent
mismatch between the reported rates
of congenital UDT and surgical orchi-
dopexy. Despite the estimated 0.8% to
1.0% incidence of congenital UDT,
some investigators in the United
States have estimated that the rate of
orchidopexy in the general population
is 1.5% to 3% by the age of 17.11,14 In
European studies, this figure has been
estimated to be as high as 8.4%. These
findings suggest that significant num-
bers of boys become “cryptorchid”
later in life, despite having normal ex-
aminations at birth. Hack et al20 noted
a bimodal distribution of age at which
boys are referred for evaluation of
UDT, with peaks at ages 2 and 10. They
determined that 73% of boys who were
referred late for UDT had previous doc-
umented normal examination(s).

Although the etiology of ascending tes-
tis is unclear, the associated testicular

changes may be similar to those seen
in children with congenital UDT.21 In
published series of ascending testis,
the mean age at orchidopexy ranges
from 6 to 9 years.22 The natural spas-
ticity of the cremasteric muscles,
which peaks at 5 to 8 years of age, may
account for a portion of the late orchi-
dopexies; such testes might be better
classified as retractile testes.23,24 Agar-
wal et al23 followed 204 boys with re-
tractile testis and determined that
their chance of secondary ascent was
32%. Perhaps most concerning is the
finding by Rusnack et al21 that testicu-
lar biopsies from congenital and ac-
quired UDT share similar reductions in
germ cell counts. In our study, we spe-
cifically excluded boys with codes for
retractile testis, although coding er-
rors or misclassification may have al-
lowed some of these boys to remain in
our cohort.

In addition to the high proportion of
late orchidopexies, our results also
demonstrate unwarranted variation in
the surgicalmanagement of UDT. Black
and white/Hispanic boys were less
likely to undergo orchidopexy by the
age of 2 (Table 3), as were boys who
were publicly insured. The source of
these associations is unclear; how-
ever, racial disparities in the treat-
ment and outcomes of urologic sur-
gery have been noted previously.25–27

Although important to acknowledge,
these relatively small changes in odds
do little to explain the overall fre-
quency of late orchidopexies; even the
best-case race and payer groups did
not come close to meeting the guide-
lines for orchidopexy timing. The spe-
cific mechanisms of these disparities
cannot be adequately addressed with
our current data andwill requiremore
specific investigation. We also ob-
served considerable variability in the
age at surgery among hospitals. Such
variability may be because of differ-
ences in environmental or population

characteristics among hospitals, or al-
ternatively, because of modifiable,
hospital-specific or health system-
specific factors.

Our findings should be interpreted in
light of their limitations. Data are
limited to tertiary-care, freestanding
children’s hospitals that are part of
the PHIS system. As such, the patient
population may not be generalizable
to other academic or community
hospitals. We are not aware of any
specific important confounders not
included in the model; however,
given the observational nature of
this investigation, there may be un-
measured, confounding influences
on our results. Given the magnitudes
of the effects seen in our model, the
effect of any residual confounding
would have to be considerable to
render our findings null. No formal
sensitivity analyses were performed
to estimate the influence of unmea-
sured confounders. We can only
speculate on the reasons for the
large variation among hospitals.
There may be differences in screen-
ing and referral mechanisms within
local health care systems not cap-
tured by the PHIS database. Con-
versely, diversity in the proportion of
acquired UDT among local patient
populations, with or without systems
variation, may be present.

Our diagnosis classifications rely on
the ICD-9-CM coding system and repre-
sent secondary data extracted from
the original medical chart. The poten-
tial for inaccurate data transfer or im-
proper coding cannot be excluded and
must be kept in mind when evaluating
these data. This is particularly relevant
when considering patients for whom
there is missing data. The question of
coding is specifically relevant with re-
spect to the question of retractile tes-
tes. Although we excluded patients
who had this diagnosis, it is possible
that some patients with retractile tes-
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tis were miscoded as having UDT. If
widespread, this misclassification
would tend to bias the average age at
surgery upward because this condi-
tion is not typically treated surgically
in young boys. However, we believe
that the overall number of boys with
retractile testis managed surgically
at any age should be low, so effects
from this bias should likewise be
low.

CONCLUSIONS

Among patients who were treated at
selected North American pediatric
hospitals between 1999 and 2008,
only 18% of boys with UDT underwent
orchidopexy by the age of 1, and only
43% did so by the age of 2, despite
long-standing guidelines that advo-
cate early surgery. Patient race and
insurance status were indepen-
dently associated with likelihood of

orchidopexy, after correcting for
other patient- and hospital-level fac-
tors. The hospital where a patient is
treated was the single most impor-
tant factor associated with age at
orchidopexy.
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