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KEY POINTS 

 The ADPKD computable phenotype based on ICD 9/10 is an excellent screening tool to 

identify patients with ADPKD. 

 Patients who were followed in nephrology clinics had a higher sensitivity, specificity, 

positive and negative predictive values. 

 Specificity of the ADPKD computable phenotype is comparable to other medical 

conditions. 

 

ABSTRACT 

Background: A computable phenotype is an algorithm used to identify a group of patients 

within an electronic medical record system. Developing a computable phenotype that can 

accurately identify Autosomal Dominant Polycystic kidney disease (ADPKD) patients will assist 

researchers in defining patients eligible to participate clinical trials and other studies. Our 

objective was to assess the accuracy of a computable phenotype using ICD (International 

Classification of Diseases) 9 and 10 codes (ICD-9/10) to identify patients with ADPKD. 

Methods: We reviewed four random samples of approximately 250 patients based on ICD-9/10 

codes from the EHR from the Kansas University Medical Center database: patients followed in 

nephrology clinics who had ICD-9/10 codes for ADPKD (Neph+), patients seen in nephrology 

clinics without ICD codes of ADPKD (Neph-), patients who were not followed in nephrology 

clinics with ICD codes for ADPKD (No Neph+), and patients not seen in nephrology clinics 



without ICD codes for ADPKD (No Neph-). We reviewed charts and determined ADPKD status 

based on internationally accepted diagnostic criteria for ADPKD. 

Results: The computable phenotype to identify patients with ADPKD who attended nephrology 

clinics has a sensitivity of 98.7% (95% confidence interval (95% CI); 96.4-99.7), and a 

specificity of 84.1% (95% CI; 79.5-88.1). For those who did not attend nephrology clinics the 

sensitivity was 97.1% (95% CI; 93.3-99.0), and a specificity was 82.0% (95% CI; 77.4-86.1).  

Conclusion: A computable phenotype using the ICD-9/10 codes can correctly identify most 

patients with ADPKD and can be utilized by researchers to screen healthcare records for 

ADPKD patient cohorts with acceptable accuracy. 

INTRODUCTION 

Autosomal dominant polycystic kidney disease (ADPKD) is a genetic condition that causes 

bilateral renal cyst formation.
1
 This disease is the most common hereditary kidney disease and it 

affects 1 in 400-1,000 people worldwide.
2
 Half of these patients will require end-stage kidney 

disease (ESKD) management.
3
 Although genetic testing is emerging in the detection of 

ADPKD,
4
 genetic testing is limited by the number of missense mutations that need further 

confirmation and the diagnosis is routinely confirmed based on imaging studies such as CT scan, 

MRI and abdominal ultrasound (US), which carry the highest sensitivity in detecting ADPKD. 

Among these three techniques, abdominal ultrasound is the most widely used because of its low 

cost, availability, high sensitivity with advanced disease and its safety.
5
 

In the presence of healthcare systems that utilize electronic health records (EHR), a large amount 

of stored data could be easily accessed. This setting is ideal to using a computable phenotype to 

identify different conditions/disease including ADPKD. A computable phenotype is a clinical 



phenotype, a characteristic or a group of several clinical features that can be automatically 

extracted from an EHR without healthcare providers interpretation or intervention 
6
. In this way, 

computable phenotype may provide a reliable, and easy way to identify patients with the 

condition of interest in a timely manner.
7
  

The World Health Organization (WHO) created the ICD (International Classification of 

Diseases) in the 1948.
8
 The coding professionals transformed medical terms, procedures, and 

diagnoses into universal alphanumeric codes. ICD-10 is the most recent update and was adopted 

in the United States in 2013.
9
 ICD codes were implemented to promote international 

comparability for collection, classification, processing, and presentation of health statistics.
10

 

Since ADPKD is a relatively rare disease, using the ICD-9/10 codes to find all patients with the 

disease in an EHR would be very time and cost effective during recruitment for ADPKD 

studies.
11

 However, ICD codes are often inaccurate and there is a considerable controversy 

regarding their value in identifying patients with specific clinical conditions. For this reason, we 

sought to assess test accuracy (sensitivity, specificity, positive predictive value (PPV), negative 

predictive value (NPV)), and Likelihood ratio positive and negative of a computable phenotype 

using ICD-9/10 codes in identifying patients with ADPKD. 

We developed a computable phenotype using ICD-9/10 to identify patients with ADPKD. In this 

study, we present the test accuracy results of the computable phenotype (sensitivity, specificity, 

PPV, and NPV) in identifying patients with ADPKD, for patients who follow up in nephrology 

clinics and those who do not. Additionally, we estimate the prevalence of ADPKD using the 

University of Kansas Medical Center (KUMC) database. 

 



METHODS 

Study design and participants 

We conducted a cross sectional test accuracy study by reviewing four random samples of 

approximately 250 patients based on ICD-9/10 codes and nephrology clinic visit, from the EHR 

from the KUMC database. The samples were stratified into four groups: Group Neph+ and 

Neph- included patients followed in nephrology clinics who had ICD-9/10 codes for ADPKD 

and those who did not have ICD-9/10 codes of ADPKD respectively. Group No-neph + and No-

neph- included patients who were not followed in nephrology clinics, with and without ICD-9/10  

codes for ADPKD respectively.  

Test methods 

We used de-identified patient information in HERON data repository, an i2b2 data access 

platform
12,13

 to identify patients with ADPKD using ICD-9 codes 753.12 and 753.13, and ICD-

10 codes Q61.2 and Q61.3. We used the ICD-9 code 593.2 and the ICD-10 code N28.1 to label 

patients with renal cysts that are not ADPKD and to enrich the sample of patients without 

ADPKD.  

We evaluated four random samples from the de-identified dataset based on the eligibility criteria 

for each group. At least two reviewers reviewed the medical records of each patient, in duplicate. 

Although we reviewed the charts after we generated the computable phenotype, the reviewers 

were blinded to the strata based on the phenotype results. For every chart, each of the reviewers 

had to make a determination of whether the patient has or does not have ADPKD. In patients 

with family history of the disease, we used the unified imaging diagnosis criteria and in patients 

with no family history of ADPKD, the diagnosis was made if the patient has at least 10 cysts in 



each of the 2 kidneys, with kidneys measuring more than 13 cm in length (Table 1) 14. We used 

data from the last imaging available. When ADPKD status was still ambiguous, an experienced 

nephrologist reviewed all medical records to decide whether ADPKD is present or not according 

to clinical criteria. If there was insufficient information to decide whether ADPKD was present 

or not, we excluded patients from the analysis. We did not consider the timing of insertion of the 

ICD 9/10 codes into the system. 

Analysis 

After reviewing the charts, we collected the data and developed two separate 2X2 contingency 

tables after classifying patients into those with and without ADPKD and those with and without 

the computable phenotype. We split the results for those who attended and those who did not 

attend nephrology clinic. We calculated the sensitivity, specificity, negative and positive 

predictive values with 95% confidence intervals (95% CI). Confidence intervals for sensitivity 

and specificity are "exact" Clopper-Pearson CI.
15

 Confidence intervals for the likelihood ratios 

are calculated using the "Log method" as described by Altman et al.
16

 We conducted a sensitivity 

analyses to determine whether classifying the excluded patients as having ADPKD, or as not 

having ADPKD, meaningfully changed the results. We calculated the prevalence of ADPKD in 

the available electronic medical records of the healthcare system. We have reported the results 

based on the STARD guidelines for reporting diagnostic accuracy studies.
17

 

 

RESULTS 

Our random sample included a total of 1071 patients, of which 536 were followed in nephrology 

clinic and 535 did not follow in nephrology clinic. The average age of the patients was 63 years, 



53% were males, 76% were white, and 15% were black or African American. The prevalence of 

ADPKD based on positive ICD-9/10 codes in the deidentified dataset is 6/10000. Descriptive 

analysis of age, gender, and race were provided in Tables 1 and 2. 

In the group Neph+, we found that 236 truly had ADPKD out of the 283 patients who had an 

ICD-9/10 codes for ADPKD. In the group Neph-, 249 patients truly did not have ADPKD out of 

253 patients who did not have an ICD-9/10 codes for ADPKD. One patient had a “likely no” 

diagnosis (Figure 1). The specificity did not change when considering the patient with “likely 

no” diagnosis as a true negative (84.1%). 

For group No-neph+, we found that 165 patients were correctly diagnosed with ADPKD out of 

the 223 patients that were diagnosed with ADPKD using the ICD-9/10 codes, 2 patients were 

diagnosed as “likely yes”, 2 patients as “likely no”, and 34 patients were classified as unknown 

due to absence of family history and renal imaging. As for group No-neph-, we found that 265 

didn’t have the disease out of the 275 patients who did not have the ICD-9/10 codes for ADPKD, 

2 patients were diagnosed as “likely yes”, and 2 patients were diagnosed as “likely no” (Figure 

2). The sensitivity did not change when considering the patients with “likely yes” diagnosis as a 

true positives (97.1%). The specificity did not change when considering the patients with “likely 

no” diagnosis as true negatives (82.3%). Tables 4 and 5 summarize the 2 X 2 contingency tables 

and Table 6 summarizes the test accuracy for those followed and those who were not followed in 

nephrology clinic. 

 

DISCUSSION 



Computable phenotypes are efficient to screen patients for a condition of interest, in this study 

being ADPKD. Computable phenotypes like any other diagnostic technique should be accurate 

and easy to use. The accuracy could be evaluated using sensitivity, specificity, PPV, and NPV 
18

. 

In this study, we calculated the test accuracy values for a computable phenotype comprised of 

ICD-9 (753.12 and 753.13) and the ICD-10 codes (Q61.2 and Q61.3) in identifying patients with 

ADPKD in the KUMC EHR. Overall, we found that the computable phenotype had an excellent 

sensitivity and NPV and an acceptable specificity and PPV. Not surprisingly, we found that 

patients who were followed in nephrology clinics had a higher sensitivity, specificity, positive 

and negative predictive values compared to those who were not seen in nephrology clinics. As 

one would expect, these results support that nephrologists are more likely to accurately label 

patients as ADPKD when they actually have the disease compared to other specialists. However, 

this could be partially explained by some providers using the ICD 9/10 codes when they are 

referring patients to the nephrology clinic to rule out ADPKD.  

Regardless of nephrology follow up, the ADPKD computable phenotype based on ICD-9/10 

codes has a relatively high sensitivity 97.1% to 99.2%, compared to other computable 

phenotypes of other medical conditions, such as acetaminophen toxicity 94%,19 myocardial 

infarction 93.5%, cerebrovascular disease 83%, and dementia 92.7%.8 Additionally, the 

specificity of the ADPKD computable phenotype of 82.0% to 84.1% was comparable to other 

medical conditions, such as acetaminophen toxicity 83%,19 but lower than the specificity for 

myocardial infarction 94.6%, cerebrovascular disease 95.4%, and dementia 98.9%.19,20 These 

results confirm that the ADPKD computable phenotype using ICD-9/10 codes is a practical tool 

to identify potential patients with ADPKD and to rule out ADPKD, but less accurate for 

confirming the ADPKD diagnosis.  



This study is the first to comprehensively assess all aspects of test accuracy of an ADPKD 

computable phenotype. Blanchette et al, reviewed records of 132 patients having ICD-9 code for 

ADPKD (753.12) with a reported PPV of 95%.
21

 Kalatharan et al. reviewed records of 201 

patients using ICD-10 code for ADPKD (Q61.2 or Q61.3) with a reported PPV of 85%.
22

 These 

two studies didn’t assess the sensitivity and specificity of the computable phenotype in 

identifying patients with ADPKD. Our findings of a PPV of 73.4 - 83.4 are more comparable to 

the findings by Kalatharan et al which also utilized data from a large healthcare system.  

Our study has multiple strengths. First, this is the largest study ever done to assess the test 

accuracy of a computable phenotype. Additionally, we have assessed all aspects of test accuracy 

results (Table 4), and we have reported the results based on the STARD guidelines for reporting 

diagnostic accuracy studies. Finally, we have included both ICD-9 and ICD-10 codes, and have 

compared those who follow in the nephrology clinic and those who do not.  

We note a few limitations in our study. First, our results likely underestimate the specificity 

estimate because we enriched our sample for patients with renal cysts. This reflects the worst-

case scenario for specificity, but was important to consider because that is the group that most 

likely gets confused with ADPKD. Another limitation was the 34 patients that had inconclusive 

results and were excluded from the analysis due to lack of information in the EHR to allow for 

categorization as having or not having ADPKD. Additionally, we did not consider the timing of 

insertion of the ICD 9/10 codes into the system; however, we think this is reflective of what 

providers will find in the EMR and is consistent with our attempt to keep the computable 

phenotype simple and make it practical. Furthermore, there might be an overestimation of the 

sensitivity since our study did not evaluate the whole healthcare system and accounted for those 

with ADPKD who are missing a diagnosis code. However, when we evaluated a random sample 



of patients without ADPKD ICD 9/10 codes, and despite enriching this group with patients who 

have ICD codes for renal cysts, we only identified eight additional ADPKD patients out of 522 

records evaluated. Finally, this computable phenotype was only tested in one healthcare system, 

and KUMC is considered to be a PKD referral center, so there may be bias in that there is 

significantly more institutional knowledge about PKD than in non-referral centers. Future efforts 

should focus on testing the computable phenotype in other healthcare systems.  

Our results show that a computable phenotype of ADPKD ICD-9/10 codes is a good tool to 

screen for patients and assess the feasibility of participating in ADPKD trials. This is especially 

important in an era with an approved treatment and many more in the pipeline that will need to 

be tested in trials. The computable phenotype is not accurate enough to confirm the diagnosis of 

ADPKD. However, it is accurate to rule-out an ADPKD diagnosis. This will support a strategy 

focusing on patients who have ICD-9/10 for ADPKD when screening for trials and not waisting 

time and resources looking up patients without these codes. The final confirmation of ADPKD 

diagnosis relies on the patients’ radiology reports such as ultrasound, CT scan, and MRI, and on 

the accurate characterization of patients’ family history. One of the main challenges to 

automating a final ADPKD diagnosis is that information in radiology reports are summarized as 

open texts, which does not directly translate into ICD-9 or ICD-10 codes or searchable elements 

in EHR. This could be a reason for the limited specificity of ICD-9 and ICD-10 codes in 

diagnosing ADPKD. Another reason may be that providers are either not knowledgeable of the 

disease and how to differentiate it from simple renal cysts, or that they are not familiar with the 

ADPKD ICD codes. Developing and evaluating algorithms that enhance the accurate detection 

using ICD-9/10 is an important next step to further improving the specificity of this computable 



phenotype.  Natural language processing algorithm of radiology reports and notes documenting 

family history could be considered and studied. 

Conclusion 

The ADPKD computable phenotype based on ICD 9/10 is an excellent screening tool to identify 

patients with ADPKD. Assessing the accuracy of the ADPKD computable phenotype is an 

important step in defining best strategies to identify and recruit patients with ADPKD for trials at 

a time when many innovative interventions are being developed and will need to be tested in 

trials. Additional searches including specific medications and procedures could enhance the 

accuracy of the computable phenotype. 
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Table 1: Diagnostic criteria used for ADPKD diagnosis 

 Age (years) Criteria  

Positive family history 

(The unified imaging 

diagnosis criteria 

published in the Canadian 

Journal of Kidney Health 

and Disease.) 

15-40 At least three unilateral or bilateral kidney cysts 

40-59 At least two cysts in each kidney 

>60 At least four cysts in each kidney 

Negative family history Any age - Innumerable cysts in both kidneys (as at least 

10 cysts in each of the 2 kidneys)  

- Each kidney greater than 13 cm in length 

 

Table 2 – Descriptive analysis for patients who follow in the nephrology 

clinic 

Status 
Baseline characteristics   

 
ADPKD 

No 

ADPKD 
Totals 

Positive 

computable 

phenotype 

Age (mean ± SD) 51±15 58±17 52±15 

Gender 
Female 130 19 149 

Male 106 28 134 

Race 

Caucasian 208 34 242 

Black or AA 16 7 23 

Native 

American 
0 1 1 

Asian 3 2 5 

Other 9 3 12 

Negative 

computable 

phenotype 

Age (mean ± SD) 51±28 68±14 68±14 

Gender 
Female 1 101 102 

Male 2 148 150 

Race 

Caucasian 1 151 152 

Black or AA 2 75 77 

Native 

American 
0 1 1 

Asian 0 3 3 

Other 0 19 19 

 



 

Table 3 – Descriptive analysis for patients who do not follow in the 

nephrology clinic 

Status 
Baseline characteristics   

 
ADPKD 

No 

ADPKD 
Totals 

Positive 

computable 

phenotype 

Age (mean ± SD) 59±13 52±24 57±17 

Gender 
Female 57 16 73 

Male 89 26 115 

Race 

Caucasian 142 39 181 

Black or AA 12 10 22 

Native 

American 
0 0 0 

Asian 1 2 3 

Other 1 7 17 

Negative 

computable 

phenotype 

Age (mean ± SD) 70±7 66±15 66±15 

Gender 
Female 2 117 119 

Male 0 6 6 

Race 

Caucasian 4 207 211 

Black or AA 1 32 33 

Native 

American 
0 0 0 

Asian 0 7 7 

Other 0 19 19 

 

 

Table 4 – Contingency table displaying frequency distribution of patients 

who follow in the nephrology clinic 

 
ADPKD No ADPKD Totals 

Positive computable 

phenotype 
236 47 283 

Negative computable 

phenotype 
3 249 252 

Totals 239 296 535 

 



Table 5 – Contingency table displaying frequency distribution of patients 

who do not follow in the nephrology clinic 

 
ADPKD No ADPKD Totals 

Positive computable 

phenotype 
165 58 223 

Negative computable 

phenotype 
5 265 270 

Totals 170 323 493 

 

Table 6 - ADPKD diagnostic test accuracy results 

Test 

Accuracy 

results 

Patients who follow in the 

nephrology clinics – 

effect estimate (95% CI) 

Patients who do not follow in the 

nephrology clinics – 

effect estimate (95% CI) 

Sensitivity 99.2% (97-99) 97.1% (93- 99) 

Specificity 84.1% (79-88) 82.1% (77-86) 

Positive 

Predictive 

Value 

83.4% (79-87) 73.9% (69-78) 

Negative 

Predictive 

Value 

99.2% (97-100) 98.2% (96-99) 

Likelihood 

Ratio 

Positive 

6.22 (4.79-8.09) 5.44 (4.27-6.83) 

Likelihood 

Ratio 

Negative 

0.01 (0.00-0.04) 0.04 (0.02-0.09) 
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