Hospitalised adults with pneumonia are frequently misclassified as another diagnosis
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Abstract
Using data from a large randomised controlled trial of adults hospitalised with acute respiratory illness, we examined the reliability of pneumonia diagnosis on discharge documentation. 50 (28.2%) of 177 patients with a pneumonia diagnosis had no radiological evidence of pneumonia. 67 (34.9%) of 192 patients with clinico-radiological evidence of pneumonia did not have a diagnosis of pneumonia listed; ‘COPD exacerbation’ or ‘lower respiratory tract infection’ was often listed instead. These patients more frequently had a respiratory comorbidity and lower oxygen saturations, CRP and temperature at presentation. Pneumonia diagnoses misclassification on discharge documentation may have clinical, financial, and research data implications.
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Introduction
A recent study British Thoracic Society (BTS) study identified a cohort of hospitalised adult patients diagnosed and coded as having community-acquired pneumonia (CAP) who did not have radiological evidence of pneumonia, and these patients had differing clinical characteristics [[endnoteRef:1]]. However, the magnitude of this misattribution of diagnosis was not calculable and in addition, the counter entity (i.e. patients with clinico-radiological evidence of CAP who are not correctly recorded as having CAP), was not studied. We aimed to address both these evidence gaps using data from a large, pragmatic, randomised controlled trial of routine molecular point-of-care testing for respiratory viruses in adults presenting to hospital with acute respiratory illness (ResPOC) [[endnoteRef:2]]. [1: [] Daniel P, Bewick T, Welham S, et al. Adults miscoded and misdiagnosed as having pneumonia: results from the British Thoracic Society pneumonia audit. Thorax 2017;72:376-379.]  [2: [] Brendish NJ, Malachira AK, Armstrong L, et al. Routine molecular point-of-care testing for respiratory viruses in adults presenting to hospital with acute respiratory illness (ResPOC): a pragmatic, open-label, randomised controlled trial. The Lancet Respiratory Medicine 2017;5:401–11] 

Methods
[bookmark: _GoBack]The ResPOC trial enrolled adults with acute respiratory illness presenting to the emergency department or acute medical unit of a large teaching hospital in the UK during winter months. Patients were ≥18 years old, had acute respiratory illness and/or fever of ≤7 days duration, and were enrolled within 24 hours of presentation to hospital. The trial was prospectively registered on a trials database (ISRCTN90211642); the protocol is publically available [[endnoteRef:3]]. [3: [] Brendish NJ, Malachira AK, Clark TW. Molecular point-of-care testing for respiratory viruses versus routine clinical care in adults with acute respiratory illness presenting to secondary care: a pragmatic randomised controlled trial protocol (ResPOC). BMC Infect Dis 2017;17:128] 

[bookmark: _Hlk534225704]We used the BTS definition of CAP in hospitalised adults: “symptoms and signs consistent with an acute lower respiratory tract infection associated with new radiographic shadowing for which there is no other explanation.”[[endnoteRef:4]]. The Infectious Diseases Society of America / American Thoracic Society consensus guidelines definition is, in essence, the same [[endnoteRef:5]]. Trial participants were classified as having CAP by their admission chest radiograph and/or first computed tomography (CT) scan where performed. In patients who had a CT scan, CT scan reports superseded chest radiograph reports. Subsequent chest radiographs or CT scans were not reviewed. All imaging was reported by radiologists not associated with the study. Discharge summary data was analysed from hospital electronic records. A discharge summary may have multiple diagnoses listed and a diagnoses list that included the word ‘pneumonia’ was considered as pneumonia for this study, excluding hospital-acquired pneumonia. [4: [] Lim WS, Baudouin SV, George RC, et al. BTS guidelines for the management of community acquired pneumonia in adults: update 2009. Thorax 2009;64 Suppl 3:iii1–55.]  [5: [] Mandell L, Wunderink R, Anzueto A, et al. Infectious Diseases Society of America/American Thoracic Society Consensus Guidelines on the Management of Community-Acquired Pneumonia in Adults. Clin Infect Dis 2007;44:S27–S72.] 

Statistical analyses were done with Prism version 7.03 (GraphPad Software, La Jolla, CA, USA). Groups were compared using differences in proportions for binary data (using Chi-square test or Fisher’s exact test as appropriate), and Mann-Whitney U tests for continuous data. 
Results
The ResPOC trial included 714 patients in the modified intention-to-treat analysis. 177 patients had a diagnosis of CAP listed on their discharge summary, of which 50 (28.2%) had no radiological evidence of pneumonia.
192 of 714 patients had clinico-radiological evidence of CAP. 67 (34.9%) of the 192 patients with pneumonia did not have diagnosis of pneumonia recorded on their discharge summary. Of these patients, 24 (35.8%) of 67 patients had ‘COPD exacerbation’ listed as a diagnosis and 20 (29.9%) of 67 had ‘lower respiratory tract infection’ or ‘LRTI’ listed. 14 (20.9%) of 67 patients with pneumonia had no acute respiratory diagnosis recorded (Table 1). 

	Table 1: Pneumonia diagnosis in the ResPOC trial (adults presenting to hospital with acute respiratory illness)

	 

	n
	total
	percentage

	Patients with pneumonia listed on discharge summary
	177
	714
	24.8%

	Patients with clinico-radiological evidence of pneumonia
	192
	714
	26.9%

	Patients with pneumonia on discharge summary and clinico-radiological evidence
	125
	714
	17.5%

	
	
	
	

	Patients with clinico-radiological evidence of pneumonia  
without pneumonia recorded on discharge summary
	67
	192
	34.9%

	
	
	
	

	Pneumonia recorded on discharge summary but no radiological evidence of pneumonia
	50
	177
	28.2%

	
	
	
	

	Patients with clinico-radiological evidence of pneumonia 
with pneumonia not recorded on discharge summary:
	
	
	

	   with asthma exacerbation listed as a discharge diagnosis*
	9
	67
	13.4%

	   with COPD exacerbation listed as a discharge diagnosis*
	24
	67
	35.8%

	   with bronchiectasis exacerbation listed as a discharge diagnosis*
	5
	67
	7.5%

	   with lower respiratory tract infection or 'LRTI' listed as a discharge diagnosis*
	20
	67
	29.9%

	   with ILD listed as a discharge diagnosis*
	1
	67
	1.5%

	   with no respiratory diagnosis recorded
	14
	67
	20.9%

	
*patients may have more than one respiratory diagnosis listed on their discharge summary.

	 ILD, interstitial lung disease.



Patients with pneumonia where pneumonia was not listed as a discharge diagnosis more frequently had an underlying respiratory comorbidity (64.2% vs 38.4%; p<0.001), and a lower median temperature (37.0 vs 37.5, p=0.032), a lower median CRP level (66 vs 109.5, p=0.017), and lower O2 saturations (94% vs 95%; p=0.032) at presentation, compared with patients correctly recorded as having pneumonia. (Patient characteristics are shown in Table 2).

	Table 2: Comparison of demographics and clinical characteristics of patients with clinico-radiological evidence of pneumonia, where pneumonia was not documented on the discharge summary, and where pneumonia was listed on the discharge summary

	 
	Pneumonia not on discharge summary (n=67)
	Pneumonia on discharge summary (n=125)
	Difference (95% CI)
	p value

	Age, years
	68 (53-76.5)
	65 (44-77)
	3 (-4 to 8)
	0.553

	Female
	42 (62.7%)
	62 (49.6%)
	13.1% (-1.7 to 26.8)
	0.096

	Current Smoker
	18 (26.9%)
	26 (20.8%)
	6.1% (-6.0 to 19.3)
	0.370

	Received influenza vaccine*
	42 (62.7%)
	74 (59.2%)
	3.5% (-11.0 to 17.2)
	0.757

	Ethnicity
	
	
	
	

	White British
	64 (95.5%)
	119 (95.2%)
	0.3% (-8.0 to 6.4)
	1.0

	Comorbidities
	
	
	
	

	Pregnant
	1 (1.5%)
	2 (1.6%)
	-0.1% (-4.3 to 6.5)
	1.0

	Cardiovascular disease
	32 (47.8%)
	51 (40.8%)
	7.0% (-7.5 to 21.3)
	0.364

	Respiratory disease
	43 (64.2%)
	48 (38.4%)
	25.8% (11.0 to 39.0)
	<0.001

	Renal disease
	5 (7.5%)
	9 (7.2%)
	0.3% (-7.0 to 9.7)
	1.0

	Liver disease
	0
	1 (0.8%)
	-0.8% (-4.4 to 4.7)
	1.0

	Diabetes Mellitus
	11 (16.4%)
	18 (14.4%)
	2.0% (-8.8 to 13.8)
	0.833

	Cancer
	6 (9.0%)
	10 (8.0%)
	1.0% (-6.8 to 10.9)
	0.791

	Immunocompromised
	3 (4.5%)
	4 (3.2%)
	1.3% (-5.0 to 9.4)
	0.697

	Clinical features on admission
	
	
	

	Duration of symptoms, days
	4 (3-5)
	3 (3-5.25)
	1 (0 to 1)
	0.658

	Pulse rate, beats/min
	100 (90-120)
	100 (85-110)
	0 (-5 to 8)
	0.600

	Respiratory rate, breaths/min
	24 (20-28)
	22 (18.5-28.5)
	2 (-2 to 2)
	0.532

	Oxygen saturations, %
	94 (91.5-96)
	95 (93-97)
	-1 (-2 to 0)
	0.032

	Use of supplementary oxygen
	19 (28.4%)
	44 (35.2%)
	-6.8% (-19.6 to 7.3)
	0.420

	Temperature, °C
	37.0 (36.4-37.8)
	37.5 (36.6-38.3)
	-0.5 (-0.7 to 0)
	0.032

	C-Reactive Protein, mg/L
	66 (25.8-156.5)
	109.5 (56.5-205.5)
	-43.5 (-59 to 5)
	0.017

	CURB65 score†
	
	
	
	

	0
	28 (41.8%)
	64 (51.2%)
	-9.4% (-23.4 to 5.3)
	0.229

	1
	32 (47.8%)
	39 (31.2%)
	16.6% (2.2 to 30.5)
	0.028

	2
	7 (10.4%)
	18 (14.4%)
	-4.0% (-12.9 to 6.9)
	0.506

	3
	0
	4 (3.2%)
	-3.2% (-7.9 to 2.6)
	0.300

	4
	0
	0
	0.0%
	1.0

	Median CURB65
	1
	0
	1 (0 to 0)
	0.628

	Adverse events
	
	
	
	

	ICU admission
	4 (6.0%)
	9 (7.2%)
	-1.2% (-8.2 to 7.8)
	1.0

	RHDU admission
	2 (3.0%)
	4 (3.2%)
	-0.2% (-5.4 to 7.3)
	1.0

	30-day mortality
	4 (6.0%)
	8 (6.4%)
	-0.4% (-7.2 to 8.5)
	1.0

	Readmitted‡
	4 (6.0%)
	9 (7.2%)
	-1.2% (-8.2 to 7.8)
	1.0

	Represented (but not admitted)‡
	13 (19.4%)
	14 (11.2%)
	8.2% (-2.0 to 20.1)
	0.132

	Grade of doctor signing discharge summary‖
	
	
	

	Consultant
	2 (3.0%)
	3 (2.4%)
	0.6% (-4.3 to 8.0)
	1.0

	Registrar
	1 (1.5%)
	5 (4.0%)
	-2.5% (-7.7 to 4.4)
	0.667

	FY2 or SHO
	28 (41.8%)
	59 (47.2%)
	-5.4% (-19.5 to 9.3)
	0.544

	FY1
	29 (43.3%)
	54 (43.2%)
	0.1% (-14.1 to 14.6)
	1.0

	
	 
	 


Data are n (%), or median (IQR), or stated otherwise. 
*Received vaccine for current influenza season.
†For CURB65 scores 0 to 3 combined p=0.082.	
‡Within 30 days.
‖For overall Grade of doctor signing discharge summary p=0.388.
RHDU, respiratory high dependency unit; ICU, intensive care unit.
FY1, Foundation Year 1 doctor; FY2 Foundation Year 2 doctor; 
SHO, Senior House Officer (includes Core/Specialty Trainee Year 1 and Year 2 doctors).
Figures in bold are those with p<0.05.	
Discussion
We identified that around a third of patients diagnosed as having community-acquired pneumonia did not in fact have radiological evidence of pneumonia. This adds to previous research by providing an estimate of the prevalence of this misdiagnosis [1].
We also found that around a third of patients with clinico-radiological evidence of CAP did not have pneumonia recorded as a diagnosis on their discharge summary. These patients were frequently recorded as having a ‘COPD exacerbation’ or ‘lower respiratory tract infection’ and around a fifth of patients had no respiratory diagnosis on their discharge summary. These patients more frequently had underlying respiratory disease which may have complicated the clinical picture and led to an error in diagnosis. Similarly, having a lower CRP or temperature may have falsely suggested to clinicians that these patients did not have pneumonia. 
Patients who had pneumonia that was not recorded as a diagnosis at discharge had different clinical characteristics. Therefore it is possible that they may have different clinical outcomes. It is common practice to follow up patients with pneumonia as unresolved symptoms or persistent radiological changes may indicate malignancy [[endnoteRef:6]], and a previous study has suggested a higher prevalence of malignancies in similar incorrectly coded patients [[endnoteRef:7]]. As the majority of hospitalised patients treated for COPD exacerbations and other acute respiratory illnesses receive antibiotics, most patients with undiagnosed pneumonia are still likely to have received appropriate antimicrobial treatment [2,[endnoteRef:8]]. [6: [] Wilcox C, Krishnan J, Duffus C, et al. Three years of experience with a novel ‘virtual’ pneumonia follow-up clinic. Eur Respir J 2017; 50:1700703]  [7: [] Van de Garde E, Oosterheert J, Bonten M, et al. International classification of diseases codes showed modest sensitivity for detecting community-acquired pneumonia. J Clin Epidemiol 2007;60:834–8.]  [8: [] Clark TW, Medina MJ, Batham S, et al. Adults hospitalised with acute respiratory illness rarely have detectable bacteria in the absence of COPD or pneumonia; viral infection predominates in a large prospective UK sample. J Infect 2014;69:507–15.] 

This study highlights the limitations of electronic medical records due to incorrect data input by clinicians. Poor quality pneumonia data may contribute to invalid conclusions in disease prevalence research and vaccine effectiveness studies, an area already burdened by imprecise data [[endnoteRef:9]]. Where hospital diagnosis coding data is misleading, hospitals may receive incorrect reimbursements for patient hospitalisations in both nationalised healthcare and insurance-based systems. [9: [] Welte T, Torres A, Nathwani D. Clinical and economic burden of community-acquired pneumonia among adults in Europe. Thorax 2012;67:71–9.] 

Limitations of this study include that it is a single-centre study and that patients lacking capacity to consent through cognitive impairment or severe illness were excluded. However, as the study had broad inclusion criteria and set in a typical large teaching hospital in the UK, the findings are likely to be applicable to patients in similar hospitals nationally and internationally. Recent studies have demonstrated that chest radiographs are imperfect in the diagnosis or exclusion of pneumonia in adults hospitalised with acute respiratory illness and methods of improving pneumonia diagnoses including routine CT scans and biomarkers have been considered [[endnoteRef:10], [endnoteRef:11]]. However, chest radiography is the imaging modality currently recommended by guidelines internationally to define pneumonia in hospitalised patients [4,5]. [10: [ ] Claessens Y-E, Debray M-P, Tubach F, et al. Early Chest Computed Tomography Scan to Assist Diagnosis and Guide Treatment Decision for Suspected Community-acquired Pneumonia. Am J Resp Crit Care 2015; 192: 974–82]  [11: [] Le Bel J, Hausfater P, Chenevier-Gobeaux C, et al. Diagnostic accuracy of C-reactive protein and procalcitonin in suspected community-acquired pneumonia adults visiting emergency department and having a systematic thoracic CT scan. Crit Care 2015; 19: 366.] 

A larger study is required to corroborate these findings and assess if misdiagnosis has an impact on clinical outcomes. Interventions to highlight senior physicians’ opinions or radiologists’ reports on chest imaging to junior physicians who typically write discharge summaries may improve the reliability of the recorded diagnoses. 
In conclusion, we found that around a third of patients with clinico-radiological evidence of community-acquired pneumonia did not have pneumonia recorded on their discharge summary. We also found that around a third of patients classified as having pneumonia on their discharge summary had no radiological evidence of pneumonia. Patients with a diagnosis of pneumonia missed from their discharge summary had different clinical characteristics compared with patients with a correct pneumonia diagnosis. The misclassification of pneumonia diagnosis on discharge documentation may have clinical, financial and research implications. Interventions are needed to improve the reliability of hospital discharge data.
Footnotes
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