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Data from the United States Organ Procurement and Transplantation Network (OPTN)
registry have been analyzed in recent years to assess post—lung transplant (LT) survival in
occupational lung disease patients.1~3 Registry data include diagnosis codes with limited
specificity; each patient is assigned a diagnosis code at waitlist candidacy, at listing, and at
LT, and these codes can differ. The use of both numeric and free-text data can produce
incompatible or unlikely diagnosis code pairings (such as a numeric code for idiopathic
pulmonary fibrosis with a paired free-text entry of “silicosis”). The resulting
misclassification could bias findings related to patient characteristics, post-LT survival
comparisons and other measures used to summarize outcomes.

Diagnosis codes from OPTN data could be inadequate for case finding and may result in
missed occupational lung disease cases. Our objective was to identify and describe adult LT
recipients documented as having conditions known to be entirely attributable to occupational
exposure, and to calculate the proportion of those patients who were assigned an
occupational lung disease diagnosis code at LT.

We requested OPTN data for thoracic transplants performed in the USA during the period
January 1987 to December 2014. We queried all observations with both a numeric and free-
text entry for “recipient primary diagnosis” (n = 2,742), the final recorded diagnosis for each
patient (Figure 1). Free-text entries are specifically requested when Codes 1610
(occupational lung disease: other), 999 (other), 1600 (congenital: other), 1613 (pulmonary
fibrosis other) and 1997 (lung disease: other) are entered, and are optional for other
diagnosis codes. Two investigators independently reviewed each free-text diagnosis to
identify patients with conditions that arise only from occupational exposures,* and compared
the 2 resulting case lists to assess agreement. Before the comparison, the proportion of
specific positive agreement was high (0.989), and if a case was not an unambiguous

Disclosure statement

The authors have no conflicts of interest to disclose. The content is the responsibility of the authors alone and does not necessarily
reflect the views of the Department of Health and Human Services, the Centers for Disease Control and Prevention or the National
Institute for Occupational Safety and Health (NIOSH). This article was prepared and written by NIOSH employees as part of their
employment. The NIOSH institutional review board (IRB) determined this study did not require IRB review (HSRB 16-RDH-NRO01),
and activities were covered by a signed data use agreement with the United Network for Organ Sharing.

AB36-COMM-54-6



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Blackley et al.

Page 2

occupational lung disease, then it was excluded. We assigned cases to 7 categories: silicosis;
coal workers’ pneumoconiosis (CWP); asbestosis; pneumoconiosis not otherwise specified
(PNOS); hard metal pneumoconiosis; berylliosis; and a single category to include
hypersensitivity pneumonitis with specified work-related cause and other occupational lung
diseases. For each occupational lung disease case, we checked the “recipient primary
diagnosis” code and calculated the proportion of cases assigned an occupational lung
disease—specific diagnosis code. Industry and occupation information is not collected in the
OPTN database, but the numeric diagnosis field contains the non-specific code for
occupational lung disease (1610) and a separate code for silicosis (448) that was first used in
2002.

We identified 150 patients with an occupational lung disease diagnosis (Table 1); the first LT
for one of these patients occurred in 1991. Nearly all recipients (146, 97.3%) were male.
Mean age at listing was 54.4 years, mean time on the waitlist was 210 days, and 78 (52.4%)
recipients received a bilateral LT. A total of 129 (86%) recipients had silicosis, asbestosis,
CWP or PNOS (research suggests this was probably CWP).? Private insurance was the
primary payer for 73 (49.7%) LTs, Medicare for 41 (27.9%) and other government programs
(including Medicaid, Department of Veterans Affairs and other unspecified government
agencies and insurance plans) for 31 (21.1%).

Two of 20 (10%) asbestosis patients were assigned an occupational lung disease diagnosis
code at LT (Table 2), with the remainder coded as idiopathic pulmonary fibrosis, chronic
obstructive pulmonary disease (COPD)/emphysema, other pulmonary fibrosis and other. Six
of 21 (29%) hard metal pneumoconiosis, berylliosis and work-related hypersensitivity
pneumonitis/other occupational lung disease patients were assigned an occupational
diagnosis code. Approximately two thirds of silicosis, CWP and PNOS patients were
assigned an occupational diagnosis code (73%, 69% and 65%, respectively). During the
period 1991 to 2004, 42% of cases were assigned an occupational code, but this increased to
66% during the subsequent decade (p = 0.005).

Although OPTN contains only 2 occupational lung disease diagnosis codes, a total of 10
codes were assigned for the 150 patients in this study. These included: pulmonary veno-
occlusive disease (208); fibrocavitary lung disease (302); other—specify (999); primary
pulmonary hypertension (1601); cystic fibrosis (1602); idiopathic pulmonary fibrosis/usual
interstitial pneumonitis (1604); COPD/emphysema (1607); and pulmonary fibrosis other
(1613).

We identified 150 cases of severe occupational lung disease among adults receiving LT in
the USA during 1991 to 2014, and found that, although free-text diagnoses specified
occupational disease, nearly half were assigned non-occupational diagnostic codes at LT.
Among patients in this study, those with silicosis or CWP were more likely to be assigned a
numeric code indicating occupational disease. During the last decade, cases identified in a
free-text field as occupational were more likely to be assigned an occupational lung disease
code at LT; it is possible that, as LTs for these conditions become more common, the system
is doing a better job of identifying them.
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A substantial number of occupational lung disease cases will be missed if diagnostic codes
are the sole variable used for their identification in studies using registry data. If resulting
misclassification was random, this failure to identify cases may not alter conclusions, but it
could reduce the power needed to detect differences. If it was not random, it could lead to
spurious associations or biases in important measures such as post-LT survival. This study
had a relatively small sample size and was focused on respiratory diseases caused solely by
occupational exposures, but it is likely we underestimated the total number of LTs performed
for patients with a work-related contribution to underlying lung disease. We narrowly
defined occupational lung disease and did not include conditions possibly related to work,
such as ammonia exposure, chlorine gas exposure and traumatic injury. In addition, we did
not include patients with free-text diagnoses of conditions that can sometimes arise from
occupational exposures, such as COPD. Although we relied on free-text diagnoses to make
determinations, it is possible there was misclassification within these fields, and that some
patients had more than 1 condition contributing to their need for LT.

This registry contains a wealth of information, but does not collect standardized data on
patient industry and occupation. This information would provide clinicians and researchers
with tools to better serve patients and the public through more accurate characterization of
the burden of severe occupational lung disease, making it possible to design interventions to
prevent these diseases from occurring in the first place.

Acknowledgments

This work was supported in part by the Health Resources and Services Administration (Contract
234-2005-370011C).

References

1. Singer J, Chen H, Phelan T, et al. Survival following lung transplantation for silicosis and other
occupational lung diseases. Occup Med. 2012; 62:134-7.

2. Hayes D Jr, Hayes KT, Hayes HC, et al. Long-term survival after lung transplantation in patients
with silicosis and other occupational lung disease. Lung. 2015; 193:927-31. [PubMed: 26267595]

3. Enfield KB, Floyd S, Barker B, et al. Survival after lung transplant for coal workers’
pneumoconiosis. J Heart Lung Transplant. 2012; 31:1315-8. [PubMed: 23063324]

4. Leigh J, Robbins JA. Occupational disease and workers’ compensation: coverage, costs, and
consequences. Milbank Q. 2004; 82:689-721. [PubMed: 15595947]

5. Blackley DJ, Halldin CN, Cummings KJ, et al. Lung transplantation is increasingly common among
patients with coal workers’ pneumoconiosis. Am J Indust Med. 2015; 59:175-7.

J Heart Lung Transplant. Author manuscript; available in PMC 2017 November 13.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Blackley et al.

Initial step: Determine year of first lung transplant (LT) for occupational
lung disease recorded in OPTN registry (1991)

All adult LT recipients recorded
in OPTN, 1991-2014 (n=27,832)

Exclude LT recipients without paired
—— > | numeric and free-text entries* for
primary diagnosis (n= 25,090)

LT recipients with paired numeric and free-test
entries for primary diagnosis (n= 2,742)

Exclude LT recipients without
occupational lung disease indicated in
free-text diagnosis field (n=2,592)

LT recipients with occupational lung disease
indicated in free-text diagnosis field (n = 150)

* n = 28 patients with numeric code for silicosis
(code 448) were assigned a free-text diagnosis of
silicosis for the study; 448 is the only occupational
lung disease code (of two) for which OPTN does not
require a free-text diagnosis specification

Figure 1.
Flow diagram of exclusion steps for identification of the final sample.
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Table 2

Free-text Occupational Lung Disease Diagnoses and Assigned Diagnosis Codes at Time of Lung Transplant
(Organ Procurement and Transplantation Network, United States, 1991 to 2014)

Freetext diagnosis Coded asOLD&  Not coded asOLDP
Silicosis 46 (73.0) 17 (27.0)
CWP 20 (69.0) 9(31.0)
Asbestosis 2 (10.0) 18 (90.0)
PNOS 11 (64.7) 6 (35.3)
Hard metal 2(33.3) 4 (66.7)
Berylliosis 2(33.3) 4 (66.7)
HPs and other 2(22.2) 7(77.8)
Column total (%) 85 (56.7) 65 (43.3)

HPs, hypersensitivity; OLD, occupational lung disease; PNOS, pneumoconiosis not otherwise specified.
alncludes Code 1610 (occupational lung disease other) and code 448 (silicosis).
bOther diagnosis codes include Code 208 (pulmonary veno-occlusive disease), Code 302 (fibrocavitary lung disease), Code 999 (other—specify),

Code 1601 (primary pulmonary hypertension), Code 1602 (cystic fibrosis), Code 1604 (idiopathic pulmonary fibrosis/usual interstitial
pneumonitis), Code 1607 (chronic obstructive pulmonary disease/emphysema) and Code 1613 (pulmonary fibrosis other specify cause).
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