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Abstract

Background—Due to its association with death and disability, stroke is a focus of outcomes in 

atrial fibrillation (AF) research. International Classification of Disease 9th (ICD-9) edition codes 

are commonly used to identify stroke in research, particularly in large administrative data. We 

sought to assess the validity of ICD-9 codes in stroke case ascertainment and for AF across three 

institutions.

Methods and Results—Participating centers included Boston Medical Center (safety net 

hospital), Geisinger Health System (rural Pennsylvania), and the University of Alabama (academic 

center in the southeastern “stroke belt”). ICD-9 codes for ischemic stroke (433-434, 436) and 

intracranial hemorrhage (ICH) (430-432) identified 1,812 stroke cases with an associated code for 

atrial fibrillation (427.31) from 2006-2010. Cases were vetted through chart review with final 

adjudication by a stroke neurologist.

Review deemed 94.2% of ICD-9 identified stroke cases valid with decreased accuracy for 

concurrent AF diagnosis (82.28%) and stroke attributable to AF (72.8%). Among events with 

“without infarction” modifiers, 7.2% were valid strokes. ICD-9 stroke code accuracy did not differ 

by stroke type or site. Stroke code 434 displayed higher accuracy than 433 (94.4% vs. 85.2%; 

p<0.01) and primary stroke codes were more accurate than non-primary codes (97.2% vs. 83.7%; 

p<0.0001).
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Conclusions—Using ICD-9 stroke and AF codes to identify patients with stroke plus AF 

resulted in inaccuracies. Given the expanded financial and policy implications of patient-oriented 

research, conclusions derived solely from administrative data without validation of outcome 

events should be interpreted with caution.
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Classification of Disease 9th Edition Codes

Stroke is a leading cause of death and long-term disability affecting approximately 795,000 

people every year in the United States.1 A major contributor to ischemic stroke (IS) risk, 

atrial fibrillation (AF), is associated with a five times higher risk. The attributable risk of IS 

among individuals with AF varies significantly with age. For those individuals age 50 to 59 

years, the proportion of strokes attributable to AF is 1.5% while among those 80 years or 

older the attributable risk is 24%.2, 3 In addition to increased risk of IS in AF, stroke in the 

context of AF is more debilitating and associated with a 30-day mortality of 24%.4 Oral 

anticoagulants are highly efficacious in reducing the risk of IS in AF, however their 

effectiveness in clinical practice is challenged by hemorrhage, particularly intracranial 

hemorrhage (ICH), with its associated 46% fatality rate.5

As clinical and economic pressures mount, the expedient research strategy will be to rely on 

administrative data and forego primary data validation. This is potentially problematic 

because large administrative databases often capture outcomes using International 

Classification of Diseases 9th edition (ICD-9) codes. Therefore, in conducting stroke 

research, perhaps a more fundamental question involves the accuracy of ICD-9 codes to 

identify stroke events and associated AF. To date, there has been limited research on the 

accuracy of ICD-9 codes to identify IS and ICH in the setting of AF.6, 7 Given the expanded 

implications of patient-oriented research on economic decisions, health policy, and 

performance measurement, we sought to define the validity of ICD-9 codes for stroke cases 

associated with AF across three health care systems.

Methods

Identification of Stroke Cases

Participating centers included Boston Medical Center, Geisinger Health System in 

Pennsylvania, and the University of Alabama at Birmingham. Boston Medical Center is a 

teaching hospital and considered the major safety net hospital for the city of Boston. 

Geisinger is a highly integrated health care system that serves a predominantly rural 

population. The University of Alabama is part of the southeastern “stroke belt” and cares for 

a diverse patient population. The study was approved by the Institutional Review Board at 

each respective site.

Stroke events were identified using discharge ICD-9 codes (Table 1) for IS (“with 

infarction” 433-434, 436) or ICH (430-432) from hospital admissions over a 5-year period 

(2006-2010). To ensure the most comprehensive search, we included ICD-9 codes identified 

in any position-primary (first position) or other (any position other than the first). Among 
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these ICD-9 identified stroke events, those cases associated with an AF ICD-9 code (427.31) 

were subject to in-depth medical record review. To validate the AF diagnosis, we required 

electrocardiogram (ECG) evidence of AF during the stroke admission or within 6 months of 

the stroke admission if the AF was not permanent. If neither of these criterion was fulfilled, 

we sought ECG evidence within 90 days of the stroke discharge. A valid IS was defined as a 

focal neurologic deficit of sudden onset that persisted for >24 hours, corresponded to a 

vascular territory, and was not explained by other etiologies.8-10 ICH was defined by 

hemorrhage on imaging (CT or MRI) not associated with major trauma (ICD-9 codes 852.1, 

852.3, 852.5, 853.1) or a surgical complication. Strokes associated with prosthetic heart 

valves were excluded. For patients experiencing multiple strokes within the 5-year study 

period, only the first valid stroke event was included. Stroke cases were adjudicated by site 

investigators (PB, EH, NL) based on review of the medical record. Questionable cases were 

resolved by consensus of the adjudication committee and a stroke neurologist. All validated 

IS and ICH cases were assigned a modified Rankin score by the site neurologist.11 ICD-9 

codes were used to initially identify stroke and AF. Covariates such as hypertension, 

diabetes, and heart failure were abstracted manually while most demographic covariates 

were automatically populated from electronic records. To further assess errors of ICD-9 

coding, we also determined the accuracy of the “without infarction” modifier: 433.00, 

433.10, 433.20, 433.30, 434.00, 434.10, and 434.90.

Statistical Analyses

Analyses were stratified according to event type, i.e., IS or ICH, and event position, primary 

or other. Validation rates were compared across the three clinical sites and across calendar 

years. For IS, we also assessed the accuracy of specific ICD-9 codes (433, 434, and 436). 

We subsequently assessed the validity of the AF diagnosis ICD-9 code (427.31) based on 

ECG. Final validation assessment excluded IS due to a different mechanism (i.e. strokes 

determined by medical record review to be attributable to vascular procedures, tumors, 

infection, or vasculitis) and ICH secondary to a surgical procedure or major trauma that had 

not been initially excluded due to lack of an accompanying ICD-9 trauma code. To further 

assess errors of ICD-9 coding, we also determined the accuracy of the “without infarction” 

modifier.

Data are displayed as counts and percentages. Bivariate analyses were performed and 

differences assessed with Chi-square tests for event type, event coding position, clinical site, 

and IS code. We calculated the positive predictive value (PPV) for each of these categories. 

All analyses were performed using SAS software (version 9.3; SAS Institute, Cary, NC).

Results

Our electronic search identified a total of 1,812 stroke events with AF diagnosis (1,358 IS 

and 454 ICH). Subsequent steps in the case-validation algorithm are displayed in the Figure. 

Manual review confirmed 1,706 (94.2%) events to be valid stroke events. After excluding 

patients without ECG-confirmed AF (n=217), 1,489 patients with manually confirmed 

stroke and AF remained (1,136 IS and 353 ICH). The PPV of ICD-9 stroke codes alone was 

94.2%, and when combined with validation of ICD-9 AF codes, the total accuracy dropped 
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to 82.2%. Additional manual review excluded IS events due to a different mechanism (e.g., 

vascular procedure, endocarditis, tumor, sepsis, vasculitis) or ICH resulting from major head 

trauma with skull fracture. These additional trauma-related ICH cases were not initially 

filtered as they lacked the corresponding trauma codes. This final step yielded a total of 

1,320 strokes (1,000 IS and 320 ICH) confirmed in the setting of AF (Table 2). The 

accuracy of ICD-9 stroke codes following these validation exercises fell to 72.8%. The final 

cohort included 33 events with no mutually exclusive coding position (i.e. had a 

combination of IS and ICH codes).

The validation rates of ICD-9 stroke codes were similar across event type, IS (94.0%) and 

ICH (94.7%) (p=0.55; Table 3). Validation rates were also similar across the three clinical 

sites: Boston Medical Center (94.9%), Geisinger Health System (93.3%), and University of 

Alabama (94.3%) (p = 0.55), and year of stroke admission. Approximately 15% of events 

designated as 433 were not valid IS. Compared to stroke code 434, this difference was 

statistically significant (85.2% vs. 94.4%; p=0.003). Accuracy of stroke case ascertainment 

was influenced by the ICD-9 coding position (primary vs. other). Events possessing the 

stroke ICD-9 code in the primary position (n=1368) were more likely to be valid strokes 

than events recorded in a non-primary (or other) position (n=399) (97.2% vs. 83.7%; 

p<0.0001). Overall 20% of valid acute strokes were coded in the non-primary position.

In addition to the 1,812 stroke events identified in our initial electronic search, as a separate 

exercise, we identified an additional 458 potential events with the “without infarction” 

ICD-9 codes (433.00, 433.10, 433.20, 433.30, 434.00, 434.10, and 434.90). Of these, 33 

(7.2%) were deemed to be valid strokes in the setting of AF after review of primary data. 

The position of the ICD-9 code did not significantly influence the accuracy of these codes 

(p=0.42).

Discussion

In this study, we found less than optimal accuracy of ICD-9 coded stroke events when 

compared to the gold standard of medical record primary data review. For both IS “with 

infarction” and ICH, the proportion of events meeting the respective definitions was 94.2%. 

This was remarkably consistent across three sites. The accuracy of case identification was 

higher (97.2%) for events with the stroke related ICD-9 code in the primary position 

compared to those that were identified with codes in the non-primary position (83.7%). 

However, reliance on a search strategy that identifies cases based solely on ICD-9 codes in 

the primary position could miss a substantial proportion (20%) of valid strokes.

When assessing the accuracy of ICD-9 AF diagnosis, we determined an additional 12% of 

stroke events to have no ECG-confirmed AF at the time of stroke admission, during the 

hospitalization, within the 6-month period prior to the stroke or 90-day period post 

discharge. This lack of ECG-confirmed AF further lowered the total PPV of the ICD-9 

identified population to 82.2%. We further reviewed stroke cases so as to only include IS 

cases attributable to AF (e.g., excluding strokes that occurred within 24 hours of a vascular 

procedure) and ICH cases that were not secondary to major head trauma. The resulting low 

ICD-9 code predictive value of 72.8% warrants caution for researchers seeking to solely use 
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ICD-9 screening as case-validation in this specific population. Furthermore, among the 458 

individuals with the ICD-9 modifier “without infarction,” we adjudicated 33 (7.2%) of these 

as valid stroke events based on medical record review. The composite of false positives and 

false negatives found in this study should raise some question over the validity of 

conclusions from research based exclusively on administrative data. ICD-9 codes can be a 

viable screening tool if used correctly but should not be used as the sole method of case-

validation. The ramifications of these observations are significant. Stroke research identifies 

the gaps in care that drive health policy and resource allocation. Given the emphasis on 

performance measures and public reporting, the financial implications are tangible, 

particularly for those institutions without sufficient margin to invest in the data systems and 

personnel training that are requisite to improve accuracy.

For ICD-9 stroke codes, a PPV ≥85% has been suggested to be adequately accurate for 

research purposes.12 Assuming nondifferential misclassification, similarly high PPVs (i.e. 

>90%) for outcome capture will pose little bias on the relative estimates13 and may be 

considered a target threshold for use of administrative data for comparative effectiveness 

research for stroke prevention in AF. Bias in the risk estimate is also linked to a test's 

specificity more so than sensitivity with decreased specificity resulting in increased estimate 

bias.13-15 Most bias is observed when specificity is <85%.14 Furthermore, decreasing the 

PPV will reduce specificity thereby increase bias in the estimate.13 We can also assume that 

even a minimal amount of misclassification leads to bias in utilization studies and outcome 

incidence estimates.

The first phase of validation in our study, ICD-9 stroke code accuracy, (94.2%) is similar to 

that previously reported.6, 7, 12, 16-34 This is not necessarily surprising given that our study 

had characteristics associated with high ICD-9 accuracy including using hospital discharge 

codes, having a majority of events coded in the primary position, having an overwhelming 

majority of IS (93%) coded with the more accurate 434 stroke code as opposed to the 433 

code, and excluding “without infarct” modifier codes.35 In addition, given that the three 

participating centers in this study are all recognized stroke centers, it is reasonable to 

surmise that the accuracy of coding found outside centers of expertise may be considerably 

less. Previous research using similar methodology has led to highly variable IS event capture 

accuracy, varying from 62%29 to 85%.12 Additionally, informed interpretation of previous 

IS research is challenged by inclusion of transient ischemic attack or the nonspecific ICD-9 

code 438 “late effects of cerebrovascular disease.”

The second phase of our validation sought confirmation of the AF diagnosis. Despite AF 

being listed among the associated diagnoses, medical record documentation of AF or ECG-

confirmation of AF was lacking in 12% of stroke cases, indicating that AF ICD-9 codes had 

a relatively high PPV of 88% in patients with confirmed stroke. Possible explanations for 

this finding include error in ECG interpretation, propagation of the AF code following a 

remote transient episode, or physician use of this code as a “rule out AF” to justify an ECG 

in the setting of an irregular pulse. A recent systematic review described the PPV of AF 

ICD-9 codes that ranged from 70 to 96%.36 Accuracies of AF validation methods differed 

according to factors such as the number of documented AF codes required, the period of 

time searched for AF codes, and whether ECGs were used to confirm AF. In general, more 

Thigpen et al. Page 5

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2016 January 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



strict validation methods resulted in lower PPVs of AF ICD-9 codes. Although not validated 

in the literature, a validation algorithm incorporating inpatient and outpatient AF diagnosis 

codes with ECG confirmation may be best to confirm incident or prevalent AF.36 Strategies 

based on multiple diagnoses or ECGs potentially could miss the heightened risk of new 

onset AF.

Accuracy of both stroke and AF codes is critically important for performance measurement 

and medication post-marketing surveillance, e.g., recently introduced novel oral 

anticoagulants (apixaban, rivaroxaban, and dabigatran).37-39 Rigorously conducted 

comparative effectiveness studies of these agents in clinical practice will be contingent upon 

validation of AF, IS, and ICH. In our population, the 72.8% PPV for ICD-9 codes describing 

stroke associated with AF indicates modest usefulness of ICD-9 codes alone; however, a 

higher PPV (and increased usefulness) may be expected when assessing these codes in a 

population entirely comprised of AF patients on oral anticoagulants with prior instances of 

ICD-9 confirmed AF. Interpretation of results across different patient populations will 

require adjustment for key covariates which raises additional challenges. A previous study 

reports additional stroke covariates such as hypertension (85%), diabetes (97%), and 

coronary artery disease (88%) have high predictive values, while more difficult to obtain 

information such as history of cerebrovascular accident (59%) or tobacco use (58%) have 

lower accuracy.12 Another study reported similarly high accuracies of coronary artery 

disease (96%), diabetes (98%), and hypertension (97%), but a low accuracy of deep vein 

thrombosis (72%).6 Similar to stroke, the accuracy of ICD-9 codes for stroke covariates 

seems to be highly variable, which confirms our belief that as of currently, a more 

conservative approach using manual review in addition to ICD-9 codes in retrospective 

research is necessary to ensure more accurate stroke covariate ascertainment. Furthermore, 

manual verification is especially prudent when identifying fluctuating covariates like blood 

pressure or renal function and key confounding factors that are not reliably captured in 

electronic health records like nonprescription aspirin use, medication interruption for 

procedures, or medication adherence.

Newer ICD-10 codes are not currently used in hospital discharges in the United States. 

These codes are considered more specific and provide a more intuitive coding method 

compared to currently used ICD-9 codes. Regarding stroke, ICD-10 codes specify the 

hemorrhage location and source in ICH, differentiate between thrombotic and embolic IS, 

and include codes for intraoperative and post-procedural strokes. Data comparing the 

accuracy of ICD-9 and ICD-10 stroke codes is limited and research indicates the same 

accuracy for IS ICD-9 (85%) and ICD-10 (85%) codes and similar accuracies of ICH ICD-9 

(97%) and ICD-10 (98%) and subarachnoid hemorrhage (SAH) ICD-9 (98%) and ICD-10 

(91%) codes.12 Another study shows ICD-10 codes for ICH and SAH having positive 

predictive values of approximately 96%.40 Until ICD-10 stroke codes accuracies are further 

determined and compared to ICD-9 stroke codes, manual review of all or a subset of events 

appears to be warranted based on the results of our study.

Our study has several strengths including its multi-site nature, diverse patient population, 

and the comprehensiveness of our manual medical record reviews. Stroke events were 

adjudicated by the site principle investigator with modified Rankin score assignment by the 
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site neurologist. Questionable stroke cases were vetted through our adjudication committee 

with ultimate assignment by a stroke neurologist. We conducted comprehensive searches of 

outpatient, inpatient, and transferring hospital ECGs to validate the AF code. Additional 

strengths include the comprehensive assessment of commonly used stroke codes and coding 

position, and chart reviews of the “without infarction” group. Furthermore, we reviewed and 

assessed ICD-9 accuracies for a large number of ICH (n=454) cases which significantly 

contributes to the current limited literature.

As mentioned previously, although we included three different and complementary sites, our 

findings may not reflect the coding patterns or coding accuracy of other settings. Although 

we searched all medical records within 6 months of stroke admission and 90 days after 

stroke discharge for ECG evidence of AF, subclinical AF cannot be ruled out as the 

underlying mechanism. Our patient cohort includes patients with concurrent stroke and AF 

ICD-9 codes and therefore, we cannot calculate PPV for stroke and AF codes independent 

from each other. Additionally, we sought to include the first valid stroke for patients with 

multiple events. Although not likely impactful, this may overestimate our PPV. We cannot 

calculate the sensitivity of ICD-9 stroke codes because we did not review patients with 

diagnosis that may contribute additional cases of false negatives (i.e. TIA). Similarly, we are 

unable to report meaningful specificities of stroke codes because our estimates of non-valid 

stroke cases were restricted to patients assigned with stroke related codes (430-432, 

433-434, and 436). Lastly, we only assess PPV and therefore we cannot calculate the 

prevalence of stroke in our cohort. This limits our ability to infer how changes in disease 

prevalence may alter our PPV. In general, as disease prevalence increases, a test's resulting 

PPV increases.

In conclusion, screening ICD-9 codes are commonly used in stroke-related research to 

identify outcome events. We identified ICD-9 coded IS and ICH events across three 

different stroke centers, and then implemented a thorough manual chart review to deem if 

the stroke events were valid. The accuracy of combined ICD-9 codes for stroke and AF to 

identify valid stroke accompanied by AF was 72.8%. Furthermore, review of “without 

infarction” ICD-9 coded events deemed 7.2% to be valid acute stroke. These findings 

highlight the need for more rigorous methods to validate outcome events identified by 

ICD-9 codes in large administrative databases.
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Figure. Flowchart Describing Manual Validation Algorithm of Hospital ICD-9 Stroke and Atrial 
Fibrillation Codes
Step 1: Initial electronic screening using ICD-9 codes for eligible stroke events in the setting 

of atrial fibrillation.

Step 2: Excluding events in which manual review confirmed no stroke occurred. Remaining 

events are valid stroke with ICD-9 documented atrial fibrillation.

Step 3: Excluding events in which manual review confirmed no active and/or recent atrial 

fibrillation. Remaining events are valid stroke in the setting of confirmed atrial fibrillation.

Step 4: Excluding ischemic stroke events in which manual review determined stroke cases 

were not due to atrial fibrillation (i.e. sepsis, tumor emboli, post-procedure). Excluding non-

spontaneous intracranial hemorrhage events and those due to hospital procedures and/or 

complications. Remaining events are valid ischemic strokes due to atrial fibrillation or valid 

intracranial hemorrhage associated with atrial fibrillation.

IS = ischemic stroke; ICH = intracranial hemorrhage; AF = atrial fibrillation
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Table 1
List of ICD-9 Codes Used to Identify Stroke Events

Condition ICD-9 Code ICD-9 Code Description

Ischemic stroke

433 occlusion and stenosis of precerebral arteries

434 occlusion of cerebral arteries

436 acute but ill-defined cerebrovascular disease

Intracranial hemorrhage

430 subarachnoid hemorrhage

431 intracerebral hemorrhage

432 other and unspecified intracranial hemorrhage
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Table 2
Clinical and Demographic Characteristics of Patients with Valid Stroke in the Setting of 
Atrial Fibrillation

Characteristic Ischemic Stroke (n=1000) Intracranial Hemorrhage (n=320)

Age (Mean±SD) 77.1 (11.1) 75.0 (11.4)

Gender (n, %)

 Male 439 (43.9%) 162 (50.6%)

 Female 561 (56.1%) 158 (49.4%)

Race (n, %)

 White 742 (74.2%) 270 (84.4%)

 Black 216 (21.6%) 35 (10.9%)

 Hispanic 23 (2.3%) 7 (2.2%)

 Other/Unknown 19 (1.9%) 8 (2.5%)

Atrial Fibrillation Type (n, %)

 New Onset 248 (24.8%) 69 (21.6%)

 Paroxysmal 244 (24.4%) 75 (23.4%)

 Persistent/Permanent 508 (50.8%) 176 (55.0%)

CHADS2 (prior to stroke) (Mean±SD) 2.9 (1.4) 2.6 (1.4)

 0 25 (2.5%) 10 (3.1%)

 1 123 (12.3%) 62 (19.4%)

 2 274 (27.4%) 105 (32.8%)

 3 251 (25.1%) 71 (22.2%)

 4 179 (17.9%) 38 (11.9%)

 5 109 (10.9%) 26 (8.1%)

 6 39 (3.9%) 8 (2.5%)

Event Coding Position (n, %) †

 Primary 869 (86.9%) 281 (87.8%)

 Other 109 (10.9%) 28 (8.8%)

Study Site (n, %)

 Boston Medical Center 230 (23.0%) 70 (21.9%)

 Geisinger Health System 370 (37.0%) 105 (32.8%)

 University of Alabama 400 (40.0%) 145 (45.3%)

†
There were 33 events with combinations of stroke codes recorded so there was no mutually exclusive stroke coding position.
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Table 3
Percentage of Valid Stroke Events Using ICD-9 Coding Alone by Event Type, Coding 
Position, Clinical Site, and Ischemic Stroke Code

Valid (%; CI) Not Valid (%; CI)
p-value

n=1706 (94.2%) n=106 (5.8%)

Event Type 0.55

 Ischemic stroke

  n=1358 (74.9%) 1276 (94.0%; 92.6-95.1) 82 (6.0%; 4.9-7.4)

 ICH

  n=454 (25.1%) 430 (94.7%; 92.2-96.4) 24 (5.3%; 3.6-7.7)

Event Coding Position <0.0001

 Primary

  n=1368 (77.4%) 1329 (97.2%; 96.1-97.9) 39 (2.8%; 2.1-3.9)

 Other

  n=399 (22.6%) 334 (83.7%; 79.8-87.0) 65 (16.3%; 13.0-20.2)

Site 0.55

 Boston Medical Center

  n=433 (23.9%) 411 (94.9%; 92.4-96.6) 22 (5.1%; 3.4-7.6)

 Geisinger Health System

  n=538 (29.7%) 502 (93.3%; 90.9-95.1) 36 (6.7%; 4.9-9.1)

 University of Alabama

  n=841 (46.4%) 793 (94.3%; 92.5-95.7) 48 (5.7%; 4.3-7.5)

Ischemic Stroke Code† 0.0034

 433

  n=61 (4.6%) 52 (85.2%; 74.3-92.0) 9 (14.8%; 8.0-25.7)

 434

  n=1265 (95.4%) 1194 (94.4%; 93.0-95.5) 71 (5.6%; 4.5-7.0)

CI = confidence interval

†
There were two events coded with ICD-9 ischemic stroke code 436 (50% valid). There were 30 valid ischemic stroke events coded with 

combinations of IS codes or ICH and IS codes. Comparing codes 433, 434, and 436 resulted in a Fisher's Exact Test p-value of 0.0103. We present 
the p-value for code 433 versus code 434
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