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Background  
Clinical Documentation Integrity (CDI) programs aid in documentation of precise 
diagnoses. In this study, the authors assessed the rate at which certain diagnoses were 
present in the Pediatric Health Information System (PHIS) database and evaluated 
changes in the hospital-specific case mix index (CMI) pre- and post-CDI program 
inception at six children’s hospitals. 

Methods  
Between 2011 and 2017, CDI programs were implemented at six children’s hospitals. The 
authors queried the PHIS database to compare the following diagnoses in 2010 and 2021: 
acute respiratory failure, chronic respiratory failure, ventilator dependence, dysphagia, 
malnutrition, and presence of a gastrostomy and/or jejunostomy (G/J) tube in patients 
with aspiration. 

Results  
From 2010 to 2021, CMI increased at all hospitals. For all hospitals’ inpatient encounters, 
the percentage of patients with acute respiratory failure and malnutrition increased (both 
p <0.001). Documentation of chronic respiratory failure increased (p < 0.001) and 
ventilator dependence decreased (p < 0.001) at all institutions. There were variations at 
the hospital level for capture of dysphagia, G/J and both diagnoses together. 

Conclusions  
CMI increased and the rate of specific diagnoses in the PHIS database increased from 
2010 to 2021, which corresponded to implementation of all institutions’ CDI programs. 
Documentation of specific, clinically-relevant diagnoses in the medical record ensures 
optimal healthcare provider communication, proper severity of illness representation, 
appropriate hospital reimbursement, accurate quality metric reporting and database 
accuracy. 

INTRODUCTION 

Inaccurate or missing diagnoses in the medical record can 
lead to gaps in communication amongst healthcare 
providers, potentially negatively affecting patient care.1‑3 

Physicians may use symptom descriptors or imprecise di
agnoses rather than specific diagnoses,4 which can result 
in inexact coding. Consequently, patient complexity may be 
underrepresented, hospital reimbursement may be subop

timal, quality metric reporting may be erroneous, and re
search databases may be inaccurate. 

The All Patient Refined Diagnosis Related Group (APR-
DRG) system is one methodology used in the pediatric pop
ulation to determine patient complexity and hospital re
imbursement. Patients are assigned to specific DRGs, then 
automatically assigned one of four severity of illness (SOI) 
subclasses and one of four risk of mortality (ROM) sub
classes.5 Certain diagnoses are more heavily weighted than 
others and can increase the SOI and ROM levels. A numeric 
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value, the relative weight (RW), is assigned to each DRG; 
higher levels of SOI increase the RW, since sicker, more 
complex patients are expected to utilize more resources. 
As such, facility reimbursement is linked to the relative 
weights of a hospital’s patient population, the average of 
which is represented by the case mix index (CMI). Since 
the APR-DRG system relies upon documentation of specific 
diagnoses and procedures, suboptimal documentation may 
lead to an incorrect reflection of patient complexity. 

Clinical Documentation Integrity (CDI) programs have 
been implemented at many institutions to aid in physician 
documentation of precise diagnoses. CDI specialists are 
professionals who clarify alternate, imprecise, inaccurate, 
or missing diagnoses from the medical record in the form of 
queries to physicians and advance practice clinicians. CDI 
programs also provide educational opportunities and tools 
via didactic lectures, tip cards, and note templates.6‑8 In
stitutions have demonstrated increases in patient complex
ity as well as facility reimbursement with the assistance of 
their CDI program.9‑12 

Patients with ventilator dependence have chronic respi
ratory failure but clinicians may only document one or the 
other in the medical record. Ideally, clinicians should docu
ment both diagnoses, as this more accurately demonstrates 
the complexity of the patient population compared with 
only documenting one of these diagnoses alone. Acute res
piratory failure occurs when oxygenation and/or ventilation 
is insufficient to meet the metabolic demands of the body 
and may be classified as hypoxemic and/or hypercapneic. 
Anecdotally, acute respiratory failure is under-documented 
because clinicians may use less specific terminology, non-
intensivists may assume that respiratory failure must be 
treated in an intensive care unit, or physicians may feel di
agnosing acute respiratory failure is beyond their scope of 
practice.13 

Failure to thrive (FTT) and malnutrition are commonly 
used interchangeably, even though these diagnoses are not 
identical. FTT is lack of expected growth in children less 
than three years of age. Although FTT is due to undernutri
tion in most cases, the etiology may be medical conditions 
not related to nutritional intake.14 Malnutrition is an im
balance between nutrient requirements and intake, and it 
may result in underweight, stunting, and/or wasting.15 In 
addition to affecting growth, malnutrition can also affect 
other outcomes such as muscle strength, immune function, 
motor and speech development, and cognition.16 

Patients with dysphagia may aspirate food, liquids, and/
or secretions, requiring a gastrostomy and/or jejunostomy 
tube (G/J) to safely feed. In these situations, it is important 
for physicians to document both dysphagia and the pres
ence of a G/J to fully capture the complex nature of the pa
tient’s medical condition. 

The objective of this study was to assess the rate at 
which certain diagnoses were present in the Pediatric 
Health Information System (PHIS) database before and af
ter establishing CDI programs at six freestanding children’s 
hospitals. In addition, we sought to evaluate changes in the 
hospital-specific CMI at our respective institutions. We hy
pothesized that after CDI program inception, there would 

be an increase in individual hospital CMI and better capture 
of certain specific diagnoses that impact patient complexity 
representation. 

METHODS 

SETTING 

Between 2011 and 2017, CDI programs were implemented 
at Boston Children’s Hospital (BCH), Children’s Hospital 
Los Angeles (CHLA), Children’s Hospital of Philadelphia 
(CHOP), Children’s Nebraska (CNEB), Johns Hopkins All 
Children’s Hospital (JHACH), and Phoenix Children’s Hos
pital (PCH). Institutional size ranged from 225 (CNEB) to 
535 beds (CHOP). 

STUDY DESIGN 

We conducted a multicenter, retrospective cohort study of 
pediatric inpatients using administrative data from the 
PHIS for years 2010 and 2021. PHIS is a comparative data
base that contains clinical and resource utilization data 
from 50 pediatric hospitals and is maintained by the Chil
dren’s Hospital Association (Lenexa, KS).17 Diagnoses pre
sent in the database are based on International Classifica
tion of Diseases (ICD) codes derived from billing charges 
(ICD-9 for 2010 and ICD-10 for 2021), which are based on 
documentation. Therefore, for the purposes of this study, 
we used the presence of a diagnosis in the PHIS database as 
a proxy for documentation in the medical record. A certified 
medical coder verified appropriate application of ICD codes 
(Supplemental Table). Institutional review board approval 
was not required, as this project utilized de-identified ad
ministrative data and therefore did not constitute human 
subject research. 

We queried the PHIS database to compare the following 
diagnoses in 2010 and 2021: chronic respiratory failure, 
ventilator dependence, dysphagia, presence of a G/J in pa
tients with aspiration, malnutrition, and acute respiratory 
failure. Regarding dysphagia and G/J, we evaluated patients 
with a diagnosis of aspiration because if a G/J is indicated, 
then dysphagia is likely present. We also obtained hospital-
specific CMI data as well as the number of hospital inpa
tient visits from the PHIS database for 2010 and 2021. 

STATISTICAL ANALYSIS 

Categorical diagnosis-based impact groups were summa
rized using frequencies, percentages, and 95% confidence 
intervals; they were compared between 2010 and 2021, on 
the hospital level, by Pearson chi-squared (χ2) tests. All 
statistical analyses were performed using Stata software 
version 18.0 (StataCorp LLC, College Station, TX). A two-
tailed 5% alpha level was implemented and p-values less 
than 0.05 were considered statistically significant. 

The Impact of Clinical Documentation Integrity Programs on Diagnosis Documentation

Advances in Health Information Science and Practice



Table 1. Length of stay, relative weight and major diagnostic category 2010 vs. 2021             

RESULTS 

HOSPITAL INPATIENT ENCOUNTERS 

Comparing 2010 to 2021, the number of hospital inpatient 
visits increased for four of the six hospitals: BCH (20,971 to 
22,157), CHLA (11,404 to 17,036), CNEB (7,412 to 7,842) and 
PCH (14,380 to 18,213). During the same years, the number 
of inpatient visits decreased for CHOP (28,975 to 27,934) 
and JHACH (12,200 to 8,176). The length of stay and ma
jor diagnostic categories did not change considerably be
tween 2010 and 2021 for all hospitals included in the analy
sis (Table 1). Of note, PCH was not included, as it was no 
longer participating in the PHIS database at the time this 
specific analysis was done. 

CASE MIX INDEX 

Based on APR-DRG version 32, the LOS-based CMI in
creased for all hospitals when comparing 2010 to 2021: BCH 
from 1.34 to 1.57, CHLA from 1.79 to 1.84, CNEB from 1.39 
to 1.57, CHOP from 1.17 to 1.64, JHACH from 1.46 to 2.18, 
and PCH from 1.34 to 1.58. 

ACUTE RESPIRATORY FAILURE 

There was an increase in the percentage of patients with 
acute respiratory failure for each individual hospital in 
2021 compared with 2010 (Figure 1). The diagnosis of acute 
respiratory failure increased from 1.25% to 5.35% (p <0.001) 
for inpatient stays in all hospitals combined. The impact of 
an acute respiratory failure query is demonstrated in Table 
2. 
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Figure 1. Percentage of patients with acute respiratory failure for each individual hospital, 2010 vs. 2021.               

Table 2. Query impact examples    
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Figure 2. Percentage of patients with malnutrition for each individual hospital, 2010 vs. 2021.             

MALNUTRITION 

From 2010 to 2021, there was an increase in the percentage 
of patients with malnutrition for each individual hospital 
(Figure 2). For inpatient hospitalizations for all hospitals 
combined, the diagnosis of malnutrition increased from 
0.66% to 7.58% (p <0.001). The effect of a severe malnutri
tion query is shown in Table 2. 

CHRONIC RESPIRATORY FAILURE AND VENTILATOR 
DEPENDENCE 

The frequency with which chronic respiratory failure, ven
tilator dependence, and both diagnoses together were pre
sent in the PHIS database are reported in Figure 3. Of note, 
PCH was not included in this analysis because the hospi
tal was no longer participating in the PHIS database at the 
time this specific analysis was done. Individually, chronic 
respiratory failure increased (p < 0.001) and ventilator de
pendence decreased (p < 0.001) at all institutions. There 
was an increase in capture of both chronic respiratory fail
ure and ventilator dependence at BCH (p < 0.001), CNEB 
(p < 0.001) and JHAC (p = 0.001). There was a decrease in 
the documentation of both diagnoses together at CHLA (p 
< 0.001) and CHOP (p = 0.009). The result of a chronic res
piratory failure query is displayed in Table 2. 

DYSPHAGIA AND GASTROSTOMY/JEJUNOSTOMY TUBE 

The presence of dysphagia, G/J, and both diagnoses to
gether in patients with aspiration within the PHIS database 
is presented in Figure 4. There was an increase in capture of 
dysphagia only at CHOP (p = 0.007) and a decrease at PCH 
(p = 0.01). G/J alone decreased at BCH, CHLA, and CHOP, 
all with p < 0.001. Documentation of both dysphagia and 

G/J together increased at BCH, CHLA, and CHOP (all with 
p <0.001). The effect of a dysphagia query is displayed in 
Table 2. 

DISCUSSION 

We sought to assess the rate of certain diagnoses being pre
sent in the PHIS database pre- and post-CDI program in
ception at six freestanding children’s hospitals. Notably, we 
found an overall increase in the presence of diagnoses that 
can impact patient complexity representation and hospital-
specific CMI after implementation of an intervention de
signed to improve the documentation of clinically relevant, 
specific diagnoses, a finding consistent with previous stud
ies.6,10,18 In particular, our study expands upon the find
ings of a previous single center pediatric study that evalu
ated diagnosis documentation related to introduction of a 
CDI program.11 To our knowledge, this is the first multi-in
stitutional pediatric study assessing the impact of CDI pro
grams on diagnosis documentation. 

CASE MIX INDEX 

CMI and the rate of specific diagnoses in the PHIS database 
increased from 2010 to 2021. Although various factors can 
affect CMI, such as change in patient population or types 
of procedures performed, we found that length of stay as 
well as major diagnostic categories did not change substan
tially. This supports our hypothesis that implementation of 
CDI programs at our institutions could have contributed to 
the increases in CMI, rather than changes in patient-spe
cific factors. 
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Figure 3. Capture of chronic respiratory failure and ventilator dependence, 2010 vs. 2021. Chronic respiratory              
failure increased and ventilator dependence decreased at all institutions. There was variability at the hospital                
level for the capture of both chronic respiratory failure and ventilator dependence.             

Figure 4. Capture of dysphagia and gastrostomy/jejunostomy (G/J) tube, 2010 vs. 2021. There was variability at               
the hospital level for the capture of dysphagia, G/J and both diagnoses together.              

ACUTE RESPIRATORY FAILURE 

We found that capture of acute respiratory failure increased 
significantly during our study period. Although a causal re
lationship cannot be established based on our study design, 
our findings suggest that our CDI programs made an impact 
in this area as this diagnosis was prioritized for queries and 
education. 

MALNUTRITION 

We found that documentation of malnutrition significantly 
increased after inception of CDI programs at all six hos
pitals. The increase in documentation of malnutrition was 
likely due to several factors: an increase in malnutrition 
queries, collaboration with dieticians to promote consistent 
notation of malnutrition in consult notes, intensive educa
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tional efforts, clinical pathway implementation and, at one 
hospital, introduction of an automated query process for 
malnutrition. 

CHRONIC RESPIRATORY FAILURE AND VENTILATOR 
DEPENDENCE 

We found that chronic respiratory failure and ventilator de
pendence separately increased and decreased, respectively, 
at all institutions. However, we found that documentation 
of both chronic respiratory failure and ventilator depen
dence together decreased at two of our hospitals. Chronic 
respiratory failure rather than ventilator dependence has 
been a priority for the CDI programs, which could explain 
these findings. 

DYSPHAGIA AND PRESENCE OF A GASTROSTOMY/
JEJUNOSTOMY TUBE 

Our study demonstrated an increase in documentation of 
both dysphagia and G/J at only half of the hospitals. Vari
ability in results could be due to CDI programs targeting 
different diagnoses for education. In addition, CNEB and 
JHACH had small sample sizes, which could have con
tributed to the lack of an effect. 

LIMITATIONS 

Our study does have some noteworthy limitations. All six 
institutions are freestanding academic children’s hospitals, 
which could limit generalizability. Documentation habits of 
pediatric clinicians at community hospitals in this context 
are not known. Nonetheless, there is diversity amongst our 
institutions in size, specialization, and geography. Query
ing an administrative database necessitated the use of 
billing data as a proxy for documentation of diagnoses. 
There is the possibility that diagnoses were documented 
but not present in the PHIS database for other reasons, such 
as missing administrative records or coding errors. How
ever, studies have shown that the quality of coded data is 
more likely to be influenced by physician documentation 
rather than coding errors or individual coder characteris
tics.19‑22 It is possible that we underestimated the effect of 
CDI programs by omitting certain diagnoses or patient pop
ulations. Conversely, we might have overestimated the ef
fect of our CDI programs, as there could have been other 
reasons for increased capture of these diagnoses and hospi
tal CMI, such as shifts in patient populations, introduction 
of new procedures or other documentation interventions. 
However, length of stay and major diagnostic category in

formation did not change substantially during our study 
period, implying large shifts in patient population did not 
occur. Likewise, Willer et al23 demonstrated a substantial 
increase in the proportion of bronchiolitis patients diag
nosed with acute respiratory failure from 2010 to 2019 de
spite stable and improved outcomes, suggesting that higher 
patient acuity was not responsible for these findings. Fur
thermore, our CDI programs have demonstrated direct in
creases in patient complexity measures after clarification of 
imprecise or missing diagnoses from the medical record of 
individual patients, supporting our hypothesis that our CDI 
programs contributed to increased hospital CMI. 

CONCLUSIONS 

Our diagnoses of interest increased in the PHIS database 
from 2010 to 2021. Our findings support the concept that 
pediatric CDI programs can improve documentation of spe
cific, clinically relevant diagnoses in the medical record, 
which helps to ensure proper severity of illness representa
tion, expected length-of-stay metrics, hospital reimburse
ment, quality metric reporting, healthcare provider com
munication, database accuracy, and optimal staffing models 
for attending physicians. Multi-institutional intervention 
studies would be helpful for measuring the direct effect of 
pediatric CDI programs on the accurate and complete doc
umentation of diagnoses in the medical record. 
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