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Identifying Communication-Impaired Pediatric
Patients Using Detailed Hospital Administrative
Data
Douglas L. Hill, PhD,a Karen W. Carroll, BS,a Dingwei Dai, PhD,b Jennifer A. Faerber, PhD,a Susan L. Dougherty, PhD,a Chris Feudtner, MD, PhD, MPHa

BACKGROUND AND OBJECTIVES: Pediatric inpatients with communication impairment may
experience inadequate pain and symptom management. Research regarding potential variation in
care among patients with and without communication impairment is hampered because existing
pediatric databases do not include information about patient communication ability per se, even
though these data sets do contain information about diagnoses and medical interventions that
are probably correlated with the probability of communication impairment. Our objective
was to develop and evaluate a classiﬁcation model to identify patients in a large administrative
database likely to be communication impaired.

ABSTRACT

METHODS: Our sample included 236 hospitalized patients aged $12 months whose ability to
communicate about pain had been assessed. We randomly split this sample into development
(n 5 118) and validation (n 5 118) sets. A priori, we developed a set of speciﬁc diagnoses, technology
dependencies, procedures, and medications recorded in the Pediatric Health Information System
likely to be strongly associated with communication impairment. We used logistic regression
modeling to calculate the probability of communication impairment for each patient in the
development set, assessed the model performance, and evaluated the performance of the 11-variable
model in the validation set.

RESULTS: In the validation sample, the classiﬁcation model showed excellent classiﬁcation
accuracy (area under the receiver operating characteristic curve 0.92; sensitivity 82.6%; 95%
conﬁdence interval, 74%–100%; speciﬁcity 86.3%; 95% conﬁdence interval, 80%–97%). For the
complete sample, the predicted probability of communication impairment demonstrated excellent
calibration with the observed communication impairment status.
CONCLUSIONS: Hospitalized pediatric patients with communication impairment can be
accurately identiﬁed in a large hospital administrative database.
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Hospitalized children experience many
unpleasant symptoms including nausea,
discomfort, fatigue, decreased appetite,
drowsiness, and pain that often are not
adequately assessed or treated.1–5 Pediatric
patients who are communication impaired,
especially those whose impairments are
due not to young age or language barriers
but to cognitive disability or the effects of
medications, pose particular challenges for
effective pain and symptom management.6,7
Physicians may have greater difﬁculty
diagnosing the cause of pain or other
symptoms and effectively providing
symptom relief for these children and
adolescents.8–10 We previously conducted a
point prevalence study at a large pediatric
hospital to identify which inpatients had
difﬁculty communicating based on bedside
nurse reports.11 We found that 38% of
inpatients had some difﬁculty
communicating and that 61% of these
patients with communication impairment
had experienced pain during the
hospitalization.
Studies at individual institutions have
shown that children who are cognitively
impaired or who cannot speak English
receive less pain medication than similar
patients with the same conditions.12–15
Whether institutions vary in how pediatric
patients who are communication impaired
are treated for pain has yet to be explored.
Large, clinically detailed patient data sets
can be used to examine variations in
practice across hospitals, identifying
potential areas for improvement. For
example, 1 study found that opioid use
varied substantially across hospitals even
after patient demographic and clinical
characteristics, hospital type, and hospital
patient volume were accounted for.16
Currently researchers cannot directly
examine treatment differences for
communication-impaired patients across
institutions because existing pediatric
health data sets do not include information
about patient communication ability. We
therefore speciﬁcally sought to develop a
classiﬁcation model that, using information
typically contained in hospital
administrative databases, can accurately
identify patients who are likely to be
communication impaired. An accurate

classiﬁcation model would then enable
comparison of pain and symptom
management between patients with high or
low likelihood of having communication
impairment within and between institutions.
Conceptually, this approach is analogous to
previous studies that have used various
classiﬁcation methods to identify pediatric
patients in large administrative data sets
with speciﬁc conditions such as autism
spectrum disorder, sickle cell disease,
urinary tract infections, and pneumonia.17–20

METHODS
Human Subjects Protection
The Children’s Hospital of Philadelphia
Committee for the Protection of Human
Research Subjects approved the protocol
for this study.

Study Sample
Our study sample was based on the
previously mentioned point prevalence
study of communication impairment among
all hospitalized pediatric patients aged
$12 months that we conducted in our
children’s hospital.11 Patient medical record
numbers were obtained from nurse reports.
Patient age, sex, ethnicity, and spoken
language were obtained from the medical
record.
Clinically Detailed Administrative
Data Source and Merged Data Set
Several months after these patients were
discharged from the hospital, their Pediatric
Health Information System (PHIS) data
became available, and by using each
patient’s medical record number we
merged the data gathered from the point
prevalence study with the clinically detailed
PHIS data. The PHIS database is maintained
by the Children’s Hospital Association
(Overland Park, KS) and includes resource
utilization data from 43 tertiary children’s
hospitals representing most major US
metropolitan areas and ∼70% of tertiary
pediatric acute care hospital admissions in
the United States.21 The PHIS database
includes patient demographics, diagnoses,
and procedures, as well as detailed
pharmacy information. Data elements
include International Classiﬁcation of
Diseases, Ninth Revision, Clinical
Modiﬁcation (ICD-9-CM) codes and Clinical

Transaction Classiﬁcation codes for each
procedure. The PHIS database also includes
generic drug entity dispensed (including
medications used to alleviate pain and
symptoms) and clinical services rendered
for each day of hospital stay for each
patient. PHIS data quality and reliability are
ensured through a joint effort between the
Children’s Hospital Association and
participating hospitals, and data are
included only if classiﬁed errors occur in
,2% of a hospital’s quarterly data, which
are deidentiﬁed before extraction and
analysis. Major Diagnostic Categories were
based on the patient’s assigned All Patient
Reﬁned Diagnosis Related Groups
classiﬁcation in the PHIS database.

Development of the Communication
Impairment Classiﬁcation Model
Our research team included a pediatrician
with extensive clinical experience caring for
hospitalized children with serious illness
and a psychologist with experience caring
for children with communication disorders.
Based on our clinical experience and
consultations with other pediatricians,
psychologists, and pain and symptom
experts, we developed a priori the set of
codes for conditions, medications,
technology dependencies, and procedures
or tests that were likely to be associated
with communication impairment. We then
subdivided conditions and medications into
those with a high or moderate probability of
being associated with communication
impairment for a patient (see Appendix 1).
Some conditions and procedures on the list
are rare, and we did not expect cases of
every single code to occur in a data set of
this size. We therefore created
6 dichotomous indicator variables (eg,
condition–high, condition–moderate,
medication–high, medication–moderate,
technology dependencies, and procedures
or tests). Each indicator variable was equal
to 0 if the patient had no codes from the list
and equal to 1 if a patient had $1 code
from the list. The classiﬁcation model
consisted of these 6 variables and indicator
variables for 6 age categories (1 year,
2 years, 3–4 years, 5–9 years, 10–17 years,
$18 years). These 11 variables were used
to calculate the probability that a given

HOSPITAL PEDIATRICS Volume 6, Issue 8, August 2016

Downloaded from www.aappublications.org/news by guest on September 22, 2020

457

patient was communication impaired, as
reported below.

Statistical Analysis
The data set was randomly split into
development and validation samples in a
1:1 ratio. In the development sample, we
used logistic regression modeling to derive
the probability of communication impairment
for each patient. The gold standard of
communication ability was the bedside
nurse report. Patient communication
impairment (deﬁned as inability to
communicate clearly, using words in full
sentences for patients aged $5 years,
inability to communicate in simple
sentences for patients aged 2–4 years, and
inability to communicate at all for patients
aged 1 year) was the outcome of the model.
The predictors were conditions (high and
moderate probability), medications (high
and moderate probability), technology
dependencies, medical procedures or tests,
and patient age (see Appendix 1 for a
complete list of all variables and values
used in the classiﬁcation model). We
assessed the model’s performance by
examining the area under the receiver
operating characteristic curve (AUC).22,23 The
AUC may be interpreted as an estimate of
the probability that a randomly chosen
person with a speciﬁc condition, at each
point along the curve, has a higher score
than a randomly chosen person without the
condition. Unlike sensitivity and speciﬁcity,
the AUC is not affected by what cutoff value
is chosen because the AUC evaluates the
model at all cutoff values.24,25 An AUC score
of 0.90 or more is considered excellent
discrimination of cases, 0.80 to 0.89 as
good, and 0.70 to 0.79 as fair.26 We also
calculated the sensitivity, speciﬁcity, positive
predictive value, negative predictive value,
positive likelihood ratio, and negative
likelihood ratio by using a cutoff point of
0.25 predicted probability of communication
impairment.27
Satisﬁed with the model’s performance in
the development sample, we then applied
the unaltered model to the validation
sample and used the same classiﬁcation
performance measures to evaluate the
model, calculating the AUC and constructing
1000 bootstrap samples to calculate the

95% conﬁdence intervals (CIs) for measures
of sensitivity, speciﬁcity, positive predictive
value, negative predictive value, positive
likelihood ratio, and negative likelihood
ratio.

Analyses were conducted with Stata 13.1
(Stata Corp, College Station, TX) and SAS
version 9.3 (SAS Institute, Inc, Cary, NC).

To assess the calibration of the model, we
pooled the 2 samples (because the
performance of the model was slightly
better in the validation than in the
development sample) and graphed the
nurses’ reports for communication
impairment (the gold standard, a
dichotomous variable) against the predicted
probability of communication impairment
(a continuous variable), plotting both the
individual data points for each dichotomous
report of communication impairment and
each predicted probability for that report
based on the classiﬁcation model and the
moving average of these reports across the
range of predicted probabilities by using a
local polynomial smooth function with a
95% CI.

Nurses completed questionnaires for
259 inpatients aged $12 months. Nurse
reports and PHIS data were matched for
236 inpatients aged $12 months. Four
patients were excluded because the medical
record number was recorded incorrectly,
1 was excluded because the patient was
,12 months old, 11 were excluded because
they had not been discharged in 2013, and
7 were excluded because they could not be
located in the PHIS database. Patient
demographic characteristics, and whether
patients were communication impaired, are
reported in Table 1. The ages of the patients
ranged from 1 to 34 years (mean 10.2, SD
6.5), with the majority of patients (89%)
being #18 years old. The 5 most common
major diagnostic categories in the sample

RESULTS

TABLE 1 Characteristics and Communication Impairment of 236 Inpatients Aged $12 mo
Number (%)

Communication Impairment
Yes

No

236 (100%)

50 (21%)

186 (78%)

1

23 (10%)

7 (30%)

16 (70%)

2

18 (8%)

9 (50%)

9 (50%)

3–4

28 (12%)

5 (23%)

23 (82%)

5–9

47 (20%)

13 (28%)

34 (72%)

10–17

93 (39%)

11 (12%)

82 (88%)

$18

27 (11%)

5 (19%)

22 (81%)

Female

114 (48%)

29 (25%)

85 (75%)

Male

122 (52%)

21 (17%)

101 (83%)

122 (52%)

24 (20%)

98 (80%)

African American

58 (25%)

13 (22%)

45 (78%)

Asian, Paciﬁc Islander, or Indian

12 (5%)

3 (25%)

9 (75%)

Other or not speciﬁed

44 (19%)

10 (23%)

34 (77%)

All
Age,

Sex

Race
White

Ethnicity
Hispanic

24 (10%)

7 (29%)

17 (71%)

212 (90%)

43 (20%)

169 (80%)

English

220 (93%)

45 (20%)

175 (80%)

Spanish

4 (2%)

3 (75%)

1 (25%)

Arabic

6 (3%)

2 (33%)

4 (67%)

Other

6 (3%)

0 (0%)

6 (100%)

Non-Hispanic
Language spoken

458

HILL et al

Downloaded from www.aappublications.org/news by guest on September 22, 2020

were digestive system (14%, 34/236);
lymphatic, hematopoietic, and other
malignancies (12%, 29/236); respiratory
system (11%, 25/236); nervous system (10%,
23/236); and musculoskeletal system and
connective tissue (9%, 21/236). Fifty (21%) in
the sample had some degree of
communication impairment according to
nurse reports.
In the randomly selected development
sample (n 5 118), the classiﬁcation model
correctly identiﬁed 20 of 27 communicationimpaired patients (AUC 0.89; sensitivity
74.1%; 95% CI, 68%–97%) and 80 of
91 patients who were not communication
impaired (speciﬁcity 87.9%; 95% CI,
76%–96%; positive predictive value 64.5%,;
95% CI, 50%–83%; negative predictive value
92.0%; 95% CI, 90%–99%; positive likelihood
ratio 6.1; 95% CI, 3.3–20.2; negative
likelihood ratio, 0.3; 95% CI, 0.0–0.4).
The same classiﬁcation model was used
with the randomly selected validation
sample (n 5 118) and correctly identiﬁed
19 of 23 communication-impaired patients
(AUC 0.92; sensitivity 82.6%; 95% CI,
74%–100%) and 82 of 95 patients who were
not communication impaired (speciﬁcity
86.3%; 95% CI, 80%–97%; positive predictive
value 59.4%; 95% CI, 50%–86%; negative

predictive value 95.4%; 95% CI, 93%–100%;
positive likelihood ratio 6.0; 95% CI, 4.2–28.8;
negative likelihood ratio, 0.2; 95% CI,
0.0–0.3).
For the full sample of 236 patients, we used
the same PHIS data–based classiﬁcation
model to calculate the predicted probability
of communication impairment (which could
range from 0 to 1). Odds ratios, P values,
and 95% CIs for this logistic regression
model are shown in Appendix 2. For each
patient, plotting this prediction (positioned
along the horizontal axis of Fig 1) with that
patient’s observed communication
impairment status based on the nurse
reports (which were either 0 or 1 and
positioned along the vertical axis of Fig 1)
showed excellent calibration between the
predicted probability and the observed
impairment status, with the ﬁtted line
across all patients rising steadily from a
low value for those predicted to have a low
probability of impairment to a high value for
those predicted to have a high probability of
impairment (Fig 1).

DISCUSSION
Our classiﬁcation model accurately
identiﬁed communication-impaired
pediatric inpatients in a large hospital

administrative database and produced wellcalibrated estimates of the probability of
communication impairment, including
patients with low and high probability of
communication impairment. Speciﬁcally, the
probabilities calculated by the model (as
shown in the ﬁgure) are bimodal (mostly
either very low or very high probabilities)
and are well calibrated (ie, the group of
patients whom the model calculated as
having midrange probabilities of
communication impairment were observed
as a group to have an equal chance of
having or not having communication
impairment, whereas most of the lowprobability patients did not have
communication impairment and most of the
high-probability patients did).
The high AUC indicates that the model
overall showed excellent discrimination of
cases between communication-impaired
and non–communication-impaired patients,
and the model can be used to explore
differences between these 2 groups of
patients in large data sets. The model also
showed good sensitivity, speciﬁcity, negative
predictive value, positive likelihood ratio,
and negative likelihood ratio. The slightly
lower value for sensitivity and the lower
value for positive likelihood ratio indicate

FIGURE 1 Predicted probability (which could range from 0 to 1) of communication impairment according to Communication Impaired Pediatric
Patients classiﬁcation model (horizontal axis) by the observed communication impairment status (vertical axis, present or none) from
nurse reports for 236 patients aged $12 months.
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that the model may be more effective in
identifying patients who are not
communication impaired than identifying
patients who are communication
impaired. In no way should this model be
used for diagnosing the communication
ability of individual patients for clinical
purposes.
Although the classiﬁcation model performed
very well, this study has $4 limitations that
must be considered. First, these ﬁndings
are based on a small number of patients
from 1 institution, and the accuracy of the
model may not generalize to other
institutions. Second, the gold standard of
patient communication ability was an
assessment by bedside nurses. Although
bedside nurses play a vital role in pain
assessment and management for
hospitalized patients, a communication
assessment by parents or an independent
assessor might have yielded different
results. Third, we used ICD-9-CM diagnostic
and procedure codes from PHIS that have
not been validated (although problems
arising from invalid codes probably would
have eroded the accuracy of the

classiﬁcation model). Fourth, we did not
convene a group of experts and use
consensus-based methods to develop the
classiﬁcation model (although whether
doing so would improve the already
excellent discrimination characteristics of
the model remains to be seen).
With these caveats in mind, how can the
results of this study be put to use? Previous
studies have found that pain is often
undertreated among the general population
of pediatric patients,3 among patients with
cognitive impairment,12,13 and among
patients whose parents do not speak
English.15 Importantly, few data currently
exist regarding pain and symptom
management among the broader category
of pediatric patients who are unable to
communicate effectively. To ensure that the
needs of these vulnerable patients are met,
research should proceed along several
tracks. One track would include primary
data collection to determine the quality of
pain management, and another would
include potential interventions to improve
care if deﬁciencies are found. This study
represents a step down a third track,

namely the study of pain management
practices in large data sets. The calculated
probability of communication impairment,
based on data elements captured in
clinically detailed hospital administrative
data sets such as PHIS, can be used to
determine whether there are disparities in
pain management (or the treatment of
other symptoms such as nausea or
constipation) for patients who are likely to
be communication impaired. For example,
do patients who undergo the same
procedure (eg, an appendectomy) receive
different forms of pain management if they
have a high probability of being
communication impaired? Furthermore,
examining whether such differences exist to
the same degree across hospitals (which is
to say, study variation in practice between
hospitals) could inform additional studies to
identify best practices. Our ultimate hope is
that these “big data” analyses could guide
research to improve pain and symptom
management for communication-impaired
pediatric patients and thereby improve
outcomes for this vulnerable patient
population.
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APPENDIX 1 Diagnoses, Procedures, Tests, and Medications Relevant to Communication Impairment
Conditions
Creutzfeldt–Jakob disease

ICD-9-CM Diagnostic, Health Factor, and
Procedure Codes

High Probability

046.1

X

Variant Creutzfeldt–Jakob disease

046.11

X

Other and unspeciﬁed Creutzfeldt–Jakob disease

046.19

X
X

Progressive multifocal

046.3

Lipidoses

272.7

X

Mucopolysaccharidosis

277.5

X

Dementias

290

X

Senile dementia, uncomplicated (senile
dementia NOSa, simple type)

290.0

X

Presenile dementia (brain syndrome with
presenile brain disease)

290.1

X

Presenile dementia, uncomplicated (presenile
dementia, NOSa; simple type)

290.10

X

Presenile dementia with delirium (presenile
dementia with acute confusional state)

290.11

X

Presenile dementia with delusional features
(presenile dementia, paranoid type)

290.12

X

Presenile dementia with depressive features

290.13

X

Senile dementia with delusional or depressive
features

290.2

X

Senile dementia with delusional features

290.20

X

Senile dementia with depressive features

290.21

X

Senile dementia with delirium

290.3

X

Vascular dementia
Vascular dementia, uncomplicated

290.4

X

290.40

X

Vascular dementia with delirium

290.41

X

Vascular dementia with delusions

290.42

X

Vascular dementia with depressed mood

290.43

X

Dementia in conditions classiﬁed elsewhere

294.1

X

Dementia in conditions classiﬁed elsewhere
without behavioral disturbance

294.10

X

Dementia in conditions classiﬁed elsewhere
with behavioral disturbance

294.11

X

Dementia unspeciﬁed
Dementia, unspeciﬁed, without behavioral
disturbance; dementia NOSa
Dementia, unspeciﬁed, with behavioral
disturbance
Pervasive developmental disorders

294.2

X

294.20

X

294.21

X

299

X

Moderate Probability

Autistic disorder

299.0

X

Childhood disintegrative disorder

299.1

X

Other speciﬁed pervasive developmental disorders

299.8

X

Unspeciﬁed pervasive developmental disorder

299.9

X

Intellectual disabilities
Mild intellectual disabilities

317

Other speciﬁed intellectual disabilities

318

X

318.0

X

Moderate intellectual disabilities

X

Severe intellectual disabilities

318.1

X

Profound intellectual disabilities

318.2

X
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APPENDIX 1 Continued
Conditions

ICD-9-CM Diagnostic, Health Factor, and
Procedure Codes

High Probability

Unspeciﬁed intellectual disabilities

319

Cerebral degenerations usually manifest in
childhood

330

X

Leukodystrophy

330.0

X

Cerebral lipidoses

330.1

X

Cerebral degeneration in generalized lipidoses

330.2

X

Cerebral degeneration of childhood in other
diseases classiﬁed elsewhere

330.3

X

Other speciﬁed cerebral degenerations in
childhood

330.8

X

Unspeciﬁed cerebral degeneration in childhood

330.9

X

331

X

Alzheimer’s disease

331.0

X

Frontotemporal dementia

331.1

X

Other cerebral degenerations

X

Pick disease

331.11

X

Other frontotemporal dementia

331.19

X

Senile degeneration of brain

331.2

X

Corticobasal degeneration

331.6

X

Cerebral degeneration in disease classiﬁed
elsewhere

331.7

X

Other cerebral degeneration

331.8

X

Reye syndrome

331.81

Dementia with Lewy bodies

331.82

X

Mild cognitive impairment, so stated

331.83

X

Other, cerebral ataxia

331.89

X

X

Other cerebral degeneration, unspeciﬁed

331.9

X

Other degenerative diseases of the basal ganglia

333.0

X

Huntington chorea

333.4

X

Other choreas

333.5

Genetic torsion dystonia
Athetoid cerebral palsy
Stiff-man syndrome

X

333.6

X

333.71

X

333.91

Spinocerebellar disease

334

X
X

Friedreich ataxia

334.0

X

Hereditary spastic paraplegia

334.1

X

Primary cerebellar degeneration

334.2

X

Other cerebellar ataxia (NOSa)

334.3

X

Cerebellar ataxia in diseases classiﬁed
elsewhere

334.4

X

Other spinocerebellar diseases

334.8

X

Spinocerebellar disease, unspeciﬁed

334.9

X

Anterior horn disease

Moderate Probability

335

Werdnig–Hoffmann disease

335.0

Motor neuron disease

335.2

X

Amyotrophic lateral sclerosis

335.20

X

Progressive muscular atrophy

335.21

X

Progressive bulbar palsy

335.22

X
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APPENDIX 1 Continued
Conditions

ICD-9-CM Diagnostic, Health Factor, and
Procedure Codes

High Probability

Moderate Probability

Pseudobulbar palsy

335.23

X

Primary lateral sclerosis

335.24

X

Other
Other anterior horn cell disease
Anterior horn cell disease, unspeciﬁed
Infantile cerebral palsy

335.29

X

335.8

X

335.9

X

343

X

Diplegic

343.0

X

Hemiplegic

343.1

X

Quadriplegic

343.2

Monoplegic

343.3

X
X

Other speciﬁed infantile cerebral palsy

343.8

X

Infantile cerebral palsy, unspeciﬁed, NOSa

343.9

X

Generalized convulsive epilepsy

345.1

X

Rheumatic chorea
With heart involvement
Without heart involvement
Late effects of cerebrovascular disease

392

X

392.1

X

392.9

X

438

Cognitive deﬁcits

438.0

X

Speech and language deﬁcits

438.1

X

Speech and language deﬁcit, unspeciﬁed

438.10

X

Aphasia

438.11

X
X

Dysphasia

438.12

Dysarthria

438.13

X

Fluency disorder

438.14

X

Other speech and language deﬁcits

438.19

Anencephalus

740

Other speciﬁed anomalies of nervous system
Chromosomal anomalies

X
X

742.8

X

758

X

Down syndrome

758.0

Patau syndrome

758.1

X

Trisomy 18

758.2

X

Autosomal deletion syndromes
Cri-du-chat syndrome

X

758.3

X

758.31

X

Velocardiofacial syndrome

758.32

Other microdeletions

758.33

X

X

Other autosomal deletions

758.39

X
X

Other conditions due to autosomal anomalies

758.5

Klinefelter syndrome

758.7

X

Other conditions due to chromosome anomalies

758.8

X

Other conditions due to sex chromosome
anomalies

758.81

X

Other

758.89

X

Conditions due to anomaly of unspeciﬁed
chromosome

758.9

X

Multiple congenital anomalies

759.7

X
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APPENDIX 1 Continued
Conditions

ICD-9-CM Diagnostic, Health Factor, and
Procedure Codes

Other speciﬁed anomalies

a

High Probability

Moderate Probability

759.8

X

Prader–Willi syndrome

759.81

X
X

Marfan syndrome

759.82

Fragile X syndrome

759.83

Other

759.89

Congenital anomaly, unspeciﬁed

759.9

X
X
X

NOS, not otherwise speciﬁed.

Technology Dependencies

ICD-9-CM Diagnostic Codes (Treatment Codes)

High Probability

Complete laryngectomy with tracheostomy

30.3

X

Radical laryngectomy with tracheostomy

30.4

X

Temporary tracheostomy operation

31.1

X

Permanent tracheostomy

31.2

X

Mediastinal tracheostomy

31.21

X

Other permanent tracheostomy

31.29

X

Moderate Probability

Tracheostomy

Tracheostomy

V44.0

X

Attention to tracheostomy

V55.0

X

Conditions associated with tracheostomy
Tracheostomy complication, unspeciﬁed

519.00

X

Infection of tracheostomy

519.01

X

Mechanical complication of tracheostomy

519.02

X

Other tracheostomy complications

519.09

X

Gastrotomy

43.0

X

43.1

X

Percutaneous endoscopic gastrostomy
(percutaneous transabdominal
gastrostomy)

43.11

X

Other gastrostomy

43.19

X

Gastrostomy

Replacement of gastrostomy tube

97.02

X

Gastrostomy (artiﬁcial opening status)

V44.1

X

Gastrostomy (attention to artiﬁcial openings)

V55.1

X

Gastrostomy complications

536.4

X

Gastrostomy complication, unspeciﬁed

536.40

X

Infection of gastrostomy

536.41

X

Mechanical complication of gastrostomy

536.42

X

Other gastrostomy complications

536.49

X

ICD-9-CM Diagnostic Codes (Treatment Codes)

High Probability

Procedures
Intracranial ventricular shunt or anastomosis

02.22

X

Extracranial ventricular shunt

02.3, 02.31–02.39

X

Revision, removal, and irrigation of ventricular
shunt

02.4, 02.41–02.43

X

02.41, 02.42

X

02.41

X

Shunt, ventriculoperitoneal, ventricular site
Irrigation and exploration of ventricular shunt,
exploration of ventriculoperitoneal shunt at
ventricular site, reprogramming of
ventriculoperitoneal shunt
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APPENDIX 1 Continued
Procedures

ICD-9-CM Diagnostic Codes (Treatment Codes)

High Probability

Replacement of ventricular shunt, reinsertion of
Holter valve, replacement of ventricular catheter,
revision of ventriculoperitoneal shunt at
ventricular site

02.42

X

Other procedures for creation of esophagogastric
sphincteric competence

44.66

X

Laparoscopic procedures for creation of
esophagogastric sphincteric competence

44.67

X

Spinal fusion (spinal rod placement)

81.0

X

Spinal fusion, not otherwise speciﬁed

81.00

X

Refusion of spine

81.3

X

ICD-9-CM Diagnostic Codes (Treatment Codes)

High Probability

Tests
MRI of brain and brain stem

88.91
70551

MRI head with contrast

70551

X

MRI head with and without contrast

70553

X

87.61

Moderate Probability

X

MRI head without contrast

Barium swallow

Moderate Probability

X

X

Salivagram (CPTb codes)
Salivary gland imaging

78230

X

Serial salivary gland

78231

X

Salivary gland function examination

78232

X

Gastroesophageal reﬂux examination

78262

X

Gastric emptying study

78264

X

Cerebrospinal ﬂuid shunt evaluation (CPTb code)

78645

X

b

CPT, Current Procedural Terminology.

Medications

High Probability

Bethanechol

Moderate Probability
X

Clonazepam

X

Clonidine

X

Clorazepate

X

Diazepam

X

Docusate

X

Gabapentin
Glycopyrrolate

X
X

Lactulose solution
Lamotrigine

X
X

Lansoprazole

X

Levetiracetam

X

Levocarnitine

X

Lorazepam

X

Melatonin

X

Omeprazole

X

Pantoprazole

X

Pentobarbital

X

Phenobarbital

X

Polyethylene glycol

X

Ranitidine

X
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APPENDIX 1 Continued
Medications

High Probability

Ruﬁnamide

X

Moderate Probability

Scopolamine patch

X

Sennosides syrup

X

Topiramate

X

Valproic acid

X

Vigabatrin

X

Zonisamide

X

APPENDIX 2 Logistic Regression Model for Probability of Communication Impairment
Variable

Odds Ratio

P

95% CI

Condition, high probability

8.84

.01

2.42–32.23

Condition, moderate probability

1.64

.57

0.30–8.93

Medication, high probability

6.52

.00

2.46–17.28

Medication, moderate probability

1.60

.39

0.55–4.66

Technology dependency

3.89

.01

1.47–10.28

Procedures or tests

2.12

.18

0.71–6.35

Age, 2 ya

6.76

.03

1.18–38.66

Age, 3–4 y

0.81

.81

0.14–4.69

Age, 5–9 y

2.37

.25

0.55–10.24

Age, 10–17 y

0.60

.48

0.15–2.48

Age, $18 y

1.24

.81

0.23–6.74

a

Age 1 y used as reference group.
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