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A B S T R A C T 

Introduction: There are insufficient population-
based epidemiological data on various pleural 
diseases in Hong Kong. We aimed to validate ICD-
9-CM (International Classification of Diseases, 
Ninth Revision, Clinical Modification) codes for 
pleural diseases and relevant procedures prior to 
conducting epidemiological analyses using local 
electronic health records.
Methods: Hospitalisation episodes coded as 
‘pneumothorax’, ‘pleural effusion’, and trauma-
related pleural events, as well as procedures 
beginning with ICD-9-CM codes 33 and 34 between 
2013 and 2022, were retrieved from the Hospital 
Authority. Paediatric patients and uninterrupted 
hospitalisation episodes were excluded. The cohort 
was filtered to include those hospitalised at Prince 
of Wales Hospital (PWH). Up to 50 hospitalisation 
episodes were randomly selected for manual 
validation. Positive predictive values (PPVs) with 
95% confidence intervals of individual codes were 
calculated; successful validation was defined as a 
PPV ≥0.700. The primary endpoint was the PPV of 
individual diagnosis and procedure codes.
Results: A total of 26 757, 218 018, 1269, 185 154,  
and 106 450 hospitalisation episodes with non-
traumatic pneumothorax, non-traumatic pleural 
effusion, trauma-related pleural events, procedures 
with code 33, and procedures with code 34, 
respectively, were retrieved. Within the PWH 
cohort, PPVs for these diagnosis and procedure 
codes were 0.853 (0.787-0.904), 0.928 (0.903-0.948), 
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0.957 (0.907-0.981), 0.932 (0.913-0.948), and 0.933 
(0.916-0.948), respectively. Procedures involving 
indwelling pleural catheterisation and open drainage 
of the pleural cavity failed validation due to frequent 
miscoding.
Conclusion: This is the first validation study of 
clinical codes for pleural diseases and related 
procedures in Hong Kong. All diagnosis codes and 
most procedure codes were successfully validated.

This article was 
published on 30 Jan 
2026 at www.hkmj.org.

New knowledge added by this study
•	 This is the first validation study of clinical codes (International Classification of Diseases, Ninth Revision, 

Clinical Modification) for pleural diseases and relevant procedures in Hong Kong.
•	 All diagnosis codes and most procedure codes were successfully validated.
•	 Duplication of codes for similar diagnoses or procedures was identified.
Implications for clinical practice or policy
•	 With the emergence of new respiratory procedures, diagnosis and procedure codes should be updated regularly.
•	 Removal or consolidation of duplicated subcodes in the Hospital Authority system is necessary to facilitate 

accurate future research and analysis using clinical codes.
•	 Researchers should be reminded to search all relevant diagnosis and procedure codes to minimise missing data 

when identifying specific diseases or procedures.
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在香港醫療數據庫驗證胸膜疾病診斷代碼及相關
呼吸程序代碼：單一三級醫療中心研究

陳嘉鵬、吳梓俊、施翠怡、練觀祥、陳穎言、劉可瑩、 
何穎彤、吳家晴、盧麗冰、葉永豪、倪珍莉、杜建宏、 

古惠珊、許樹昌

引言：目前在香港，針對各類胸膜疾病的人口為本流行病學數據不

足。本研究旨在於進行相關流行病學分析前，驗證《國際疾病分類第

九版臨床修訂本》（ICD-9-CM）中有關胸膜疾病及相關醫療程序的
編碼準確性，並以本地電子健康紀錄作為資料來源。

方法：本研究從醫院管理局資料庫提取2013至2022年期間，以「氣
胸」、「胸腔積液」及創傷相關胸膜事件為診斷編碼，以及以ICD-9-
CM第33及34章開首的相關程序編碼住院紀錄。我們排除了兒科患者
及住院期間未間斷紀錄。研究隊伍篩選威爾斯親王醫院住院患者（威

院隊列），並於每組最多隨機抽取50宗住院個案進行手動驗證，計算
每個編碼的陽性預測值及95%置信區間。陽性預測值為0.700或以上被
視為驗證成功。主要研究終點為各診斷及程序編碼的陽性預測值。

結果：本研究共提取26 757例非創傷性氣胸、218 018例非創傷性胸
腔積液、1269例創傷相關胸膜事件、185 154例ICD-9-CM第33章
程序，以及106 450例第34章程序的住院紀錄。在威院隊列中，這些
診斷及程序編碼的陽性預測值分別為0.853（0.787-0.904）、0.928
（0.903-0.948）、0.957（0.907-0.981）、0.932（0.913-0.948）及
0.933（0.916-0.948）。然而，涉及胸腔留置導管及胸腔開放式引流
的程序因錯誤編碼頻繁，未能通過驗證。

結論：本研究為香港首個針對胸膜疾病及相關醫療程序編碼進行的驗

證研究。所有診斷編碼及大部分程序編碼均成功通過驗證。

Introduction
Pleural diseases are common respiratory conditions 
that often require hospital admission and have 
shown an increasing incidence.1,2 In the United 
States, approximately 1.5 million patients experience 
pleural effusion annually, with most cases attributed 
to congestive heart failure, pneumonia, and cancer.3,4 
A recent multicentre, cross-sectional study in China 
estimated the prevalence of pleural effusion at 4684 
per 1 million Chinese adults.5 In that study, the most 
common causes were parapneumonic effusion and 
empyema (25.1%), malignant neoplasms (23.7%), and 
tuberculosis (12.3%).5 The median hospitalisation 
cost was ¥15 534.5 (interquartile range, 9447.2-
29 000.0).5 Additionally, an increasing trend in 
admissions for spontaneous pneumothorax has been 
observed in England, highlighting the prevalence of 
the disease and its associated healthcare burden.2

	 Management of pleural diseases involves 
various diagnostic and therapeutic procedures that 
extend beyond the pleural space to include the airway 
and lung parenchyma. Whether closed or open, these 
procedures substantially contribute to the overall 
healthcare burden. However, information about 
pleural diseases and related respiratory procedures 
in Hong Kong remains limited, highlighting the need 

for contemporary, population-based epidemiological 
data.
	 The Hospital Authority, which provides 
healthcare services to over 90% of Hong Kong’s 
population, maintains extensive healthcare 
databases. These include the Clinical Management 
System (CMS) and the Clinical Data Analysis and 
Reporting System (CDARS), which capture a wide 
range of longitudinal clinical data. Examples include 
hospital discharge records, diagnosis and procedure 
codes for each hospitalisation episode, radiological 
findings, and laboratory parameters, particularly 
blood and pleural fluid analyses. This comprehensive 
dataset provides valuable insights into the burden of 
pleural diseases and accurately represents the local 
population.
	 Before analysing diseases and procedures using 
administrative data, it is essential to validate the 
accuracy of diagnosis and procedure codes within 
the healthcare database. These codes are typically 
entered by attending physicians, interventionists, or 
surgeons performing the procedures, which suggests 
a high degree of reliability. However, no prior local 
validation study has been conducted. Therefore, 
we aimed to assess whether diagnosis codes for 
pleural diseases and procedure codes for relevant 
respiratory procedures are accurately recorded for 
each hospitalisation episode within the Hospital 
Authority systems.

Methods
This retrospective, observational validation study of 
diagnosis and procedure codes utilised data from a 
territory-wide healthcare database in Hong Kong. 
Clinical data were obtained from CDARS, provided 
by the Hospital Authority. Hospitalisation episodes 
with the targeted diagnosis and procedure codes 
between 1 January 2013 and 31 December 2022 
were retrieved from the system. Each observation 
represented a hospitalisation episode rather than 
a unique patient, and no patient recruitment was 
involved.
	 Diagnosis and procedure codes were defined 
using the International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD-9-CM). 
The basic format of an ICD-9-CM code consists of 
three to six digits. The Hospital Authority further 
extends these codes with additional characters 
after the decimal point to specify particular 
diagnoses or procedures within an ICD-9-CM 
code subgroup (‘subcodes’). These subcodes are 
displayed in CDARS but are not typically accessible 
to frontline CMS users. All hospitalisation episodes 
in acute hospitals with a discharge diagnosis code 
of pneumothorax (codes starting with 512), pleural 
effusion (codes starting with 012, 197.2, 220.4, 510, 
or 511), traumatic pneumothorax or haemothorax 
(trauma-related pleural events, codes starting with 
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860), or procedure codes for relevant respiratory 
procedures (codes starting with 33 or 34) were 
retrieved, regardless of their position in the coding 
list. Hospitalisation episodes for patients younger 
than 18 years old or from paediatric departments 
were excluded from subsequent validation analyses. 
Uninterrupted hospitalisation episodes following 
the index episodes, including those in acute or 
convalescent hospitals with the same diagnosis 
code of interest, were also excluded, as these may 
represent duplicate entries for the same clinical 
event. The remaining hospitalisation episodes after 
exclusions were grouped as the main cohort.
	 Manual verification of a proportion of the 
retrieved diagnosis and procedure codes, down to 
the subcode level, was conducted to ensure data 
accuracy. The main cohort was first filtered to 
include only hospitalisation episodes at the authors’ 
affiliated institution, Prince of Wales Hospital 
(PWH), forming the PWH cohort. A maximum of 
50 hospitalisation episodes for each diagnosis or 
procedure code were randomly extracted from the 
PWH cohort to estimate the true positive predictive 
values (PPVs) within a 13% margin of error at a 
95% confidence interval (95% CI). This precision 
level was chosen pragmatically to balance statistical 
rigour with the substantial manual effort required for 
chart review in this validation study. Prince of Wales 
Hospital is a tertiary care centre with a complex case 
mix, encompassing a wide range of pleural diseases 
and advanced respiratory procedures. Within the 
PWH cohort, the types of pleural disease (pleural 
effusion, pneumothorax, and trauma-related pleural 
events) and their underlying aetiologies (eg, non-
tuberculous infection, tuberculosis, and malignancy) 
were determined through retrospective review of 
clinical notes, discharge summaries, radiological 
findings, and blood and pleural fluid analysis 
results using the CMS. Procedure codes were 
verified by reviewing procedure records within the 
corresponding hospitalisation episodes. All cases 
were independently reviewed by two board-certified 
respiratory physicians. Discrepancies were resolved 
through joint case review until consensus was 
reached. Coding accuracy was expressed as PPVs 
with 95% CIs. The PPV was calculated by dividing the 
number of true positives (ie, hospitalisation episodes 
in the PWH cohort where diagnosis and procedure 
codes were confirmed by manual verification) by the 
total number of true positives and false positives (ie, 
episodes where codes were rejected upon manual 
review). The 95% CI was calculated using the exact 
binomial method.
	 We hypothesised that the PPVs for the accuracy 
of diagnosis and procedure codes would be equal to 
or greater than 0.700, a commonly used threshold for 
successful validation.6-8 The primary endpoint was 
the determination of PPVs for the listed diagnosis 

and procedure codes. All statistical analyses were 
performed using Python (version 3.12.6).

Results
A total of 26 757 non-traumatic pneumothorax, 
218 018 non-traumatic pleural effusion, and 1269 
trauma-related pleural events were retrieved from 
CDARS between 2013 and 2022. Following the 
exclusion of paediatric patients and uninterrupted 
hospitalisation episodes, 20 888 non-traumatic 
pneumothorax, 199 323 non-traumatic pleural 
effusion, and 1127 trauma-related pleural events 
remained in the main cohort. Of these, 2451 (11.7%), 
24 938 (12.5%), and 251 (22.3%) diagnosis codes 
for non-traumatic pneumothorax, non-traumatic 
pleural effusion, and trauma-related pleural events, 
respectively, were identified from PWH (Fig). 
Additionally, 185 154 and 106 450 relevant respiratory 
procedures with ICD-9-CM codes starting with 33 
and 34, respectively, were retrieved. After exclusions, 
181 770 and 101 336 procedure codes remained, of 
which 16 078 (8.8%) and 17 299 (17.1%) procedure 
codes, respectively, were identified from PWH (Fig). 
Tables 1 to 3 list the diagnosis codes included in the 
validation analysis for non-traumatic pneumothorax 
(Table 1), non-traumatic pleural effusion (Table 2) 
and trauma-related pleural events (Table 3), while 
Tables 4 and 5 present the procedure codes starting 
with ‘33’ and ‘34’, respectively; the breakdown of 
hospitalisation episodes retrieved using these codes, 
and the numbers remaining after screening, are also 
shown.
	 The overall PPVs (95% CIs) for pneumothorax, 
pleural effusion, trauma-related pleural events, and 
all diagnosis codes were 0.853 (0.787-0.904), 0.928 
(0.903-0.948), 0.957 (0.907-0.981), and 0.919 (0.898-
0.936), respectively. The overall PPVs (95% CIs) 
for procedure codes starting with 33, starting with 
34, and for all procedure codes were 0.932 (0.913-
0.948), 0.933 (0.916-0.948), and 0.933 (0.920-0.944), 
respectively.
	 The PPVs for diagnosis codes related to 
pneumothorax, pleural effusion, and trauma-
related pleural events were all equal to or greater 
than 0.700, with ranges of 0.700-1.000, 0.833-1.000, 
and 0.857-1.000, respectively. The lowest PPV  
(95% CI) was observed for postoperative 
pneumothorax (procedure code 512.1.2) at 0.700 
(0.560-0.812). The highest PPVs were seen for 
iatrogenic pneumothorax (procedure code 512.1.0) 
and postoperative haemothorax (procedure code 
511.8.7), both at 1.000, with 95% CIs of 0.933-1.000 
and 0.762-1.000, respectively. The reasons for false-
positive diagnosis codes are summarised in online 
supplementary Tables 1 to 3, with inappropriate 
coding of alternative diseases being the most 
common cause.
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	 The PPVs for procedure codes starting with 33 
ranged from 0.700 to 1.000. Procedure codes starting 
with 34 met the PPV benchmark, except for 34.04.3 
(indwelling pleural catheterisation) and 34.09.3 
(drainage of the pleural cavity, open). The reasons 
for false-positive procedure codes are listed in online 
supplementary Tables 4 and 5, with inappropriate 
coding of alternative but similar procedures being 
the most common cause. The low PPV for procedure 

code 34.04.3 (indwelling pleural catheterisation) 
arose from its misuse to represent non-tunnelled 
pleural catheter insertion, or to document the 
presence of an indwelling pleural catheter (IPC) 
inserted during prior hospitalisations. Procedure 
code 34.09.3 (drainage of the pleural cavity, open) 
failed to meet the PPV benchmark because it was 
misused to represent closed pleural drainage by 
drain insertion, rather than an open procedure.

FIG.  Number of diagnosis and procedure codes identified, from retrieval in the Clinical Data Analysis and Reporting System to 
inclusion in the Prince of Wales Hospital cohort
Abbreviations: CDARS = Clinical Data Analysis and Reporting System; PWH = Prince of Wales Hospital
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TABLE 1.  Diagnosis codes for non-traumatic pneumothorax included in the validation analysis*

ICD-
9-CM 
codes

Description Total 
No. of 

diagnosis 
codes 

retrieved

No. of 
diagnosis 

codes 
remained 

after 
excluding the 

paediatric 
group

No. of 
diagnosis 

codes 
remained after 

excluding 
uninterrupted 
hospitalisation 

episodes

No. of 
diagnosis 

codes in the 
PWH cohort

No. of cases 
selected for 
review from 

the PWH 
cohort

No. of true-
positive 

cases with 
diagnosis 

code 
validated

No. of 
false-

positive 
cases

PPV (95% CI)

512 Pneumothorax 25 060 22 091 19 306 1987 (10.3%) 50 43 7 0.860 (0.732-0.933)

512.1.0 Iatrogenic 
pneumothorax

1386 1371 1337 409 (30.6%) 50 50 0 1.000 (0.933-1.000)

512.1.2 Postoperative 
pneumothorax

311 252 245 55 (22.4%) 50 35 15 0.700 (0.560-0.812)

Abbreviations: 95% CI = 95% confidence interval; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification; PPV = positive 
predictive value; PWH = Prince of Wales Hospital
*	 Data are shown as No. or No. (%), unless otherwise specified
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Discussion
This study is the first to validate diagnosis and 
procedure codes for pleural diseases using a 
healthcare database in Hong Kong. All diagnosis 
codes for pleural diseases and the majority of 
procedure codes for relevant respiratory procedures 
met the PPV benchmark of 0.700 or higher. Only 
procedure codes 34.04.3 (indwelling pleural 
catheterisation) and 34.09.3 (drainage of the pleural 
cavity, open) failed to meet the validation criteria.
	 In 2008, the Hong Kong Thoracic Society 
reported the burden of lung disease in Hong Kong 
using local data from various governmental sources; 

however, pleural diseases were not included in the 
report.9 Over the subsequent decade, the incidence 
rates of individual pleural diseases were studied in 
Hong Kong. However, these studies were limited 
in scope as they focused on single pleural diseases 
(eg, empyema,10-12 malignant mesothelioma,13 and 
spontaneous pneumothorax14) or were restricted to 
single-centre settings.10,11

	 There is a pressing need for contemporary, 
population-based epidemiological data covering 
various pleural diseases in Hong Kong. A recent 
local survey highlighted heterogeneous practices 
in the management of pleural diseases among 

TABLE 2.  Diagnosis codes for non-traumatic pleural effusion included in the validation analysis*

ICD-
9-CM 
codes

Description Total 
No. of 

diagnosis 
codes 

retrieved

No. of 
diagnosis 

codes 
remained 

after 
excluding the 

paediatric 
group

No. of 
diagnosis 

codes 
remained after 

excluding 
uninterrupted 
hospitalisation 

episodes

No. of 
diagnosis 

codes in the 
PWH cohort

No. of 
cases 

selected 
for review 
from the 

PWH 
cohort

No. of 
true-

positive 
cases 
with 

diagnosis 
code 

validated

No. of 
false-

positive 
cases

PPV (95% CI)

012.00 Tuberculous 
pleurisy, unspecified 
examination

6615 6555 5574 304 (5.5%) 50 45 5 0.900 (0.782-0.960)

197.2 Secondary malignant 
neoplasm of pleura

109 439 108 668 101 736 14 853 (14.6%) 50 47 3 0.940 (0.833-0.983)

220.4 Meigs’ syndrome 55 55 54 5 (9.3%) 5 5 0 1.000 (0.500-1.000)

510.0 Empyema with fistula 7347 7041 5950 521 (8.8%) 50 45 5 0.900 (0.782-0.960)

510.0.1 Pleuroperitoneal 
fistula

426 426 416 48 (11.5%) 48 41 7 0.854 (0.721-0.930)

511.1 Pleurisy with effusion, 
with mention of a 
bacterial cause other 
than tuberculosis

8405 7833 7364 483 (6.6%) 50 47 3 0.940 (0.833-0.983)

511.8.0 Non-tuberculous 
pleural effusion

199 195 191 36 (18.8%) 36 33 3 0.917 (0.781-0.977)

511.8.1 Haemothorax 1457 1378 1183 224 (18.9%) 50 48 2 0.960 (0.863-0.993)

511.8.2 Hydrothorax 376 375 359 35 (9.7%) 35 30 5 0.857 (0.702-0.942)

511.8.3 Hydrothorax related 
to dialysis

22 22 22 0 0 0 0 N/A

511.8.4 Haemo-
pneumothorax

350 330 302 40 (13.2%) 40 39 1 0.975 (0.867-0.999)

511.8.5 Hydro-pneumothorax 892 887 816 100 (12.3%) 50 48 2 0.960 (0.863-0.993)

511.8.6 Chylous effusion in 
pleural cavity

118 100 98 12 (12.2%) 12 10 2 0.833 (0.543-0.970)

511.8.7 Postoperative 
haemothorax

76 69 64 14 (21.9%) 14 14 0 1.000 (0.762-1.000)

511.8.8 Hydrothorax as 
complication of 
peritoneal dialysis

8 8 8 0 0 0 0 N/A

511.9 Unspecified pleural 
effusion

82 233 81 425 75 186 8263 (11.0%) 50 49 1 0.980 (0.894-0.999)

Abbreviations: 95% CI = 95% confidence interval; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification; N/A = not 
applicable; PPV = positive predictive value; PWH = Prince of Wales Hospital
*	 Data are shown as No. or No. (%), unless otherwise specified
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medical clinicians and reflected a lack of awareness 
and dedicated service infrastructure for pleural 
diseases.15 Given the rapid advancements in 
diagnostic strategies and therapeutic options for 
pleural diseases,16 an accurate and up-to-date 
assessment of their clinical burden is crucial. Such 
data provide a foundation for guiding future research, 
benchmarking healthcare standards in Hong Kong 
against those of other countries, informing the 
allocation of future healthcare resources for pleural 
diseases, and estimating the workload of healthcare 
professionals managing these conditions. All such 
service developments should be based on an accurate 
estimation of the current burden and projected 
future demand. The use of existing healthcare 
databases offers a practical approach; however, 
relevant diagnosis and procedure codes must first be 
validated. A similar research pathway was followed 
by Arnold et al,17 who validated diagnosis codes prior 
to assessing the epidemiology of pleural empyema in 
English hospitals.17,18

	 Nearly all PPVs of the diagnosis and 
procedure codes studied exceeded the benchmark 
of 0.700. Notably, PPVs for procedure codes were 
generally higher than those for diagnosis codes. 
This is because diagnosis codes can be carried over 

from previous hospitalisation episodes, enabling  
attending physicians to select active or inactive 
diagnosis codes regardless of their relevance 
to the current episode. In contrast, procedure 
codes cannot be carried over and must be entered 
manually to reflect procedures performed during 
the corresponding hospitalisation episode. This 
requirement contributes to the higher accuracy for 
procedure codes.
	 The PPV for procedure code 34.04.3 (indwelling 
pleural catheterisation) was unexpectedly low due 
to misuse. The absence of a specific diagnosis code 
indicating the presence of an IPC, combined with the 
inclusion of the term ‘pleural’ in the code description, 
contributed to its incorrect use, particularly 
during searches for non-tunnelled pleural catheter 
insertion. Updated diagnosis codes to indicate the 
status ‘presence of IPC’, or a new procedure code 
for ‘pleural fluid drainage using an existing IPC’, 
would accurately reflect the clinical scenario. Once 
available, such codes should be validated before any 
analyses of IPC use in territory-wide healthcare 
databases. Alternatively, establishing a clinical 
registry for IPC use could facilitate more accurate 
tracking of patients with both malignant and benign 
causes of pleural effusion.

TABLE 3.  Diagnosis codes for trauma-related pleural events included in the validation analysis*

ICD-
9-CM 
codes

Description Total 
No. of 

diagnosis 
codes 

retrieved

No. of 
diagnosis 

codes 
remained 

after 
excluding the 

paediatric 
group

No. of 
diagnosis 

codes 
remained after 

excluding 
uninterrupted 
hospitalisation 

episodes

No. of 
diagnosis 
codes in 
the PWH 
cohort

No. of 
cases 

selected 
for review 
from the 

PWH 
cohort

No. of 
true-

positive 
cases 
with 

diagnosis 
code 

validated

No. of 
false-

positive 
cases

PPV (95% CI)

860.0 Traumatic 
pneumothorax without 
mention of open wound 
into thorax

593 569 535 150 (28.0%) 50 50 0 1.000 (0.933-1.000)

860.1 Traumatic 
pneumothorax with 
open wound into thorax

27 27 26 10 (38.5%) 10 9 1 0.900 (0.554-0.995)

860.2 Traumatic haemothorax 
without mention of open 
wound into thorax

460 450 402 63 (15.7%) 50 46 4 0.920 (0.812-0.972)

860.3 Traumatic haemothorax 
with open wound into 
thorax

42 40 38 7 (18.4%) 7 6 1 0.857 (0.446-0.993)

860.4 Traumatic pneumo-
haemothorax without 
mention of open wound 
into thorax

137 132 116 17 (14.7%) 17 17 0 1.000 (0.804-1.000)

860.5 Traumatic pneumo-
haemothorax with open 
wound into thorax

10 10 10 4 (40.0%) 4 4 0 1.000 (0.473-1.000)

Abbreviations: 95% CI = 95% confidence interval; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification; PPV = positive 
predictive value; PWH = Prince of Wales Hospital
*	 Data are shown as No. or No. (%), unless otherwise specified
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TABLE 4.  Procedure codes starting with 33 included in the validation analysis*

ICD-9-CM 
codes

Description Total 
No. of 

procedure 
codes 

retrieved

No. of 
procedure 

codes 
remained 

after 
excluding 

the 
paediatric 

group

No. of 
procedure 

codes 
remained after 

excluding 
uninterrupted 
hospitalisation 

episodes

No. of 
procedure 

codes in the 
PWH cohort

No. of 
cases 

selected 
for review 
from the 

PWH 
cohort

No. of 
true-

positive 
cases 
with 

procedure 
code 

validated

No. of 
false-

positive 
cases

PPV (95% CI)

33.22.0 Fibreoptic bronchoscopy 36 839 35 704 35 623 910 (2.6%) 50 50 0 1.000 (0.933-1.000)

33.23.0 Bronchoscopy 47 295 46 323 46 171 6994 (15.1%) 50 50 0 1.000 (0.933-1.000)

33.23.1 Rigid bronchoscopy 1580 1284 1282 295 (23.0%) 50 49 1 0.980 (0.894-0.999)

33.23.2 Endoscopic ultrasonography 
of lung

410 408 408 1 (0.2%) 1 1 0 1.000 (0.050-1.000)

33.23.3 Endoscopic ultrasonography 
of bronchus

53 53 53 4 (7.5%) 4 4 0 1.000 (0.473-1.000)

33.23.4 Endoscopic ultrasonography 
of mediastinum

0 0 0 0 0 0 0 N/A

33.23.5 Endobronchial 
ultrasonography

12 387 12 387 12 385 810 (6.5%) 50 50 0 1.000 (0.933-1.000)

33.23.6 Electromagnetic navigation 
bronchoscopy

443 443 443 201 (45.4%) 50 50 0 1.000 (0.933-1.000)

33.23.7 Robotic-assisted 
bronchoscopy

8 8 8 8 (100%) 8 8 0 1.000 (0.635-1.000)

33.24.0 Closed endoscopic biopsy 
of bronchus

7683 7671 7668 620 (8.1%) 50 42 8 0.840 (0.712-0.925)

33.24.1 Bronchoscopic biopsy 0 0 0 0 0 0 0 N/A

33.24.2 Fibreoptic bronchoscopy 
with biopsy

0 0 0 0 0 0 0 N/A

33.24.3 Endoscopic ultrasonography 
of bronchus with biopsy

1195 1195 1195 4 (0.3%) 4 3 1 0.750 (0.249-0.987)

33.24.4 Electromagnetic navigation 
bronchoscopy with biopsy

698 698 698 201 (28.8%) 50 50 0 1.000 (0.933-1.000)

33.24.5 Bronchoalveolar lavage 29 692 29 178 29 163 1316 (4.5%) 50 50 0 1.000 (0.933-1.000)

33.24.6 Bronchoscopy with brushing 7558 7532 7532 890 (11.8%) 50 50 0 1.000 (0.933-1.000)

33.24.7 Flexible bronchoscopy with 
biopsy of bronchus

4894 4888 4888 565 (11.6%) 50 36 14 0.720 (0.581-0.833)

33.26.0 Closed biopsy of lung 333 328 328 68 (20.7%) 50 46 4 0.920 (0.812-0.972)

33.26.1 Fine-needle aspiration 
biopsy of lung

2812 2811 2805 268 (9.6%) 50 47 3 0.940 (0.833-0.983)

33.26.2 Computed tomography-
guided fine-needle aspiration 
cytology of chest mass

0 0 0 0 0 0 0 N/A

33.26.3 Endoscopic ultrasonography 
of lung with biopsy

422 422 422 2 (0.5%) 2 2 0 1.000 (0.224-1.000)

33.26.4 Percutaneous fine-needle 
aspiration biopsy of lung 
with imaging guidance

13 030 12 993 12 979 2130 (16.4%) 50 48 2 0.960 (0.863-0.993)

33.27.0 Lung biopsy via endoscopy 0 0 0 0 0 0 0 N/A

33.27.1 Bronchoscopic biopsy under 
fluoroscopic guidance

4748 4746 4745 29 (0.6%) 29 27 2 0.931 (0.779-0.988)

33.27.2 Flexible bronchoscopy with 
biopsy of lung

10 174 10 165 10 164 530 (5.2%) 50 48 2 0.960 (0.863-0.993)

33.93.1 Percutaneous drainage of 
lung with imaging guidance

2765 2682 2677 217 (8.1%) 50 35 15 0.700 (0.560-0.812)

33.98.2 Implantation of 
endobronchial valve via 
bronchoscopy

135 134 133 15 (11.3%) 15 12 3 0.800 (0.534-0.943)

Abbreviations: 95% CI = 95% confidence interval; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification; N/A = not 
applicable; PPV = positive predictive value; PWH = Prince of Wales Hospital
*	 Data are shown as No. or No. (%), unless otherwise specified 
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TABLE 5.  Procedure codes starting with 34 included in the validation analysis*

ICD-9-CM 
codes

Description Total 
No. of 

procedure 
codes 

retrieved

No. of 
procedure 

codes 
remained 

after 
excluding 

the 
paediatric 

group

No. of 
procedure 

codes 
remained after 

excluding 
uninterrupted 
hospitalisation 

episodes

No. of 
procedure 

codes in the 
PWH cohort

No. of 
cases 

selected 
for review 
from the 

PWH 
cohort

No. of 
true-

positive 
cases 
with 

procedure 
code 

validated

No. of 
false-

positive 
cases

PPV (95% CI)

34.04.0 Insertion of intercostal 
catheter for drainage

2545 2425 2421 643 (26.6%) 50 50 0 1.000 (0.933-1.000)

34.04.1 Chest drain insertion 24 273 22 504 22 200 3922 (17.7%) 50 50 0 1.000 (0.933-1.000)

34.04.2 Percutaneous drainage 
of pleura with imaging 
guidance

21 435 21 069 21 022 6301 (30.0%) 50 50 0 1.000 (0.933-1.000)

34.04.3 Indwelling pleural 
catheterisation

1162 1141 1141 310 (27.2%) 50 8 42 0.160 (0.075-0.288)

34.04.4 Drainage of pleural cavity 611 607 605 125 (20.7%) 50 50 0 1.000 (0.933-1.000)

34.04.5 Drainage of pleural cavity, 
percutaneous

2262 2247 2246 681 (30.3%) 50 47 3 0.940 (0.833-0.983)

34.5.0 Pleurectomy 0 0 0 0 0 0 0 N/A

34.5.1 Decortication of lung 509 414 414 45 (10.9%) 45 45 0 1.000 (0.925-1.000)

34.5.9 Other excision of pleura 409 327 327 36 (11.0%) 36 36 0 1.000 (0.907-1.000)

34.6 Scarification of pleura/
pleurodesis

3275 2921 2921 405 (13.9%) 50 49 1 0.980 (0.894-0.999)

34.09.0 Thoracotomy 1976 1845 1845 90 (4.9%) 50 50 0 1.000 (0.933-1.000)

34.09.10000 Thoracotomy with chest 
drainage

1115 872 872 157 (18.0%) 50 50 0 1.000 (0.933-1.000)

34.09.1 Intercostal thoracostomy 
drainage

45 42 42 8 (19.0%) 8 8 0 1.000 (0.635-1.000)

34.09.2 Pleural window 3 3 3 1 (33.3%) 1 1 0 1.000 (0.050-1.000)

34.09.3 Drainage of pleural cavity, 
open

87 86 86 13 (15.1%) 13 8 5 0.615 (0.342-0.834)

34.09.4 Video-assisted 
thoracoscopy for 
haemostasis

1 0 0 0 0 0 0 N/A

34.09.999 Incision of pleura 32 30 30 10 (33.3%) 10 10 0 1.000 (0.709-1.000)

34.21.0 Transpleural thoracoscopy 646 645 645 130 (20.2%) 50 50 0 1.000 (0.933-1.000)

34.21.1 Thoracoscopy 582 423 423 4 (0.9%) 4 4 0 1.000 (0.473-1.000)

34.21.2 Video-assisted 
thoracoscopy

8786 8272 8271 1362 (16.5%) 50 50 0 1.000 (0.933-1.000)

34.21.5 Video-assisted 
thoracoscopy, haemostasis

127 123 123 22 (17.9%) 22 22 0 1.000 (0.848-1.000)

34.24.0 Pleural biopsy 4194 4183 4174 515 (12.3%) 50 49 1 0.980 (0.894-0.999)

34.24.1 Percutaneous fine-needle 
aspiration biopsy of pleura 
with image guidance

2112 2081 2080 1059 (50.9%) 50 38 12 0.760 (0.621-0.863)

34.28.1 Pleuroscopy 1084 1083 1083 52 (4.8%) 50 50 0 1.000 (0.933-1.000)

34.91 Thoracentesis/chest 
tapping

24 198 23 777 23 581 941 (4.0%) 50 50 0 1.000 (0.933-1.000)

34.92.0 Injection into thoracic 
cavity

9 7 7 0 0 0 0 N/A

34.92.1 Chemical pleurodesis 4651 4578 4543 416 (9.2%) 50 50 0 1.000 (0.933-1.000)

34.92.2 Pleurodesis, chemical 0 0 0 0 0 0 0 N/A

34.92.3 Intrapleural instillation of 
fibrinolytic agents

321 231 231 51 (22.1%) 50 48 2 0.960 (0.863-0.993)

Abbreviations: 95% CI = 95% confidence interval; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification; N/A = not 
applicable; PPV = positive predictive value; PWH = Prince of Wales Hospital
*	 Data are shown as No. or No. (%), unless otherwise specified
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	 Some diagnosis codes (eg, hydrothorax related 
to dialysis [511.8.3] and hydrothorax as complication 
of peritoneal dialysis [551.8.8]) and procedure codes 
(eg, video-assisted thoracoscopy for haemostasis 
[34.09.4] and injection into thoracic cavity [34.92.0]) 
were used in other hospitals but not at PWH; 
therefore, they could not be validated in this study. 
Within the PWH cohort, alternative diagnosis or 
procedure codes were used and validated. However, 
the number of hospitalisation episodes associated 
with these codes was small, and their impact would 
be minimal in a territory-wide healthcare data 
analysis where similar codes are grouped together.
	 Duplication of subcodes for similar diagnoses 
or procedures was also noted. Several diagnoses and 
procedures were represented by different codes, 
including:
•	 Hydrothorax related to dialysis (511.8.3) and 

hydrothorax as complication of peritoneal 
dialysis (511.8.8);

•	 Fibreoptic bronchoscopy (33.22.0) and 
bronchoscopy (33.23.0);

•	 Endoscopic ultrasonography of bronchus 
(33.23.3) and endobronchial ultrasonography 
(33.23.5);

•	 Closed endoscopic biopsy of bronchus (33.24.0), 
bronchoscopic biopsy (33.24.1), fibreoptic 
bronchoscopy with biopsy (33.24.2), and flexible 
bronchoscopy with biopsy of bronchus (33.24.7);

•	 Lung biopsy via endoscopy (33.27.0), 
bronchoscopic biopsy under fluoroscopic 
guidance (33.27.1), and flexible bronchoscopy 
with biopsy of lung (33.27.2);

•	 Video-assisted thoracoscopy for haemostasis 
(34.09.4) and video-assisted thoracoscopy, 
haemostasis (34.21.5); and

•	 Chemical pleurodesis (34.92.1) and pleurodesis, 
chemical (34.92.2).

	 Researchers should be reminded to search all 
relevant diagnosis and procedure codes to minimise 
the risk of missing data for specific diseases or 
procedures during code searches. In the long term, 
reconciling similar codes may help reduce ambiguity 
and improve data consistency.

Strengths and limitations
This study has several strengths, notably its status 
as the first validation study conducted using 
a large healthcare database in Hong Kong. It 
successfully validated codes for a wide range of 
pleural diseases and respiratory procedures, thereby 
laying the foundation for future epidemiological 
research. However, several limitations should be 
acknowledged. Not all codes could be adequately 
validated due to their small case volumes in the PWH 
cohort. For example, codes for Meigs’ syndrome 
(220.4), traumatic pneumothorax with open wound 
into thorax (860.1), and traumatic haemothorax with 

open wound into thorax (860.3) had small numbers 
even in the overall cohort, and some codes were 
duplicated. As such, future research incorporating 
patient searches based on these diagnosis and 
procedure codes should take these limitations 
into account. The single-centre nature of the study 
represents a further limitation, as disease patterns 
and coding practices may vary across district general 
hospitals.

Conclusion
This is the first validation study of diagnosis codes 
for pleural diseases and procedure codes for 
relevant respiratory procedures using a territory-
wide healthcare database in Hong Kong. All 
diagnosis codes and the majority of procedure 
codes demonstrated high PPVs, indicating accurate 
coding. Given the emergence of new respiratory 
procedures, diagnosis and procedure codes should 
be regularly updated. The removal or consolidation 
of duplicated subcodes within the Hospital Authority 
system is also necessary to facilitate accurate future 
research and analysis using clinical codes. Further 
evaluation and harmonisation of coding practices 
across different hospitals would be beneficial. These 
measures will pave the way for future territory-wide 
studies and enable monitoring of the overall burden 
of pleural diseases in Hong Kong.
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