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Learning Objectives

1

Review diagnosis of 
community acquired 
pneumonia, severity risk 
assessment, and 
management strategies 
based on severity.

2

Differentiate between 
causes of non-resolving 
pneumonia, including 
infectious, inflammatory, 
neoplastic, drug induced, 
and pulmonary vascular 
etiologies.

3

Recognize the clinical, 
radiologic, and laboratory 
features that help identify 
non-resolving 
pneumonias.

4

Describe the indications, 
contraindications, 
diagnostic yield and test 
findings in bronchoscopy 
and BAL in the work-up of 
non-resolving 
pneumonias

5

Apply a stepwise 
diagnostic framework for 
evaluating patients with 
non-resolving pneumonia, 
including optimal timing 
for advanced imaging, 
microbiologic testing, and 
consultation.



Case overview

HPI:
53y M presented to PCP in 

September for fevers, 
dyspnea, and productive 

cough. 

Also c/o chest tightness, 
general malaise, and 

headache. Also reporting 
weight loss.

No hemopytsis, orthopena, 
PND, LE edema, night 

sweats, abdominal pain, 
altered bowel movements, 

skin rashes. 

PMH:
Non-ischemic 

cardiomyopathy. Followed 
by Cardiology. Recent 

echocardiogram showed 
recovered LVEF.

Hypertension.

Dyslipidemia.

Type 2 diabetes mellitus 
with a baseline A1c of 

6.8%.

Bilateral trigger thumb.

Meds:
Bisoprolol 2.5 mg daily. 

Rosuvastatin 20 mg daily. 

Metformin 1 g p.o. b.i.d. 

Jardiance 25 mg daily. 

Ventolin 2 puffs q.4 hours 
p.r.n. 

Social / exposures:
Lives at home with wife and 

daughter in Barrie. 

Non-smoker, minimal ETOH.

No sick contacts, no recent travel 

Works in automotive plant with 
engine oil, does not note 
exposure to brake dust, 
aerosolized chemicals. 

Has a pet dog and cat, no new 
animal exposures

No hx of living on indigenous 
reserve, incarceration, travel to TB 

endemic areas.

No recent pillow changes.



Case overview continued

PCP presumed pts presentation was community acquired 
pneumonia and was treated with clarithromycin 500mg PO BID

Pt continued to worsen with ongoing respiratory symptoms and 
fever over several days and presented to RVH on 09/24/2025. 

Found to be hypoxic (~88% on RA) and mild tachypnea (RR 22) 
and afebrile with T 36.3.  



CXR @ RVH (09/24/2025)



Case overview continued

Admitted for CAP at RVH and treated with Moxifloxacin X 5 days.

Ongoing hypoxia requiring 1-2lpm O2 throughout hospital course. 
Borderline fever T ~38 at admission, but no recurrence after.

Thought to be volume overloaded and trial of Lasix (unclear dose) for a few 
days, without improvement.

Underwent CTPE 09/27/2025



CTPE @ RVH (09/27/2025)



Case overview continued

D/c’d home on home O2 (1-2lpm) on 09/30/2025 with plan for repeat CT chest in 2-3 weeks and follow up 
in IM clinic.

Went to live with brother in Muskoka after discharge for assistance with recovery. 

Several days after discharge, Noticed increasing dyspnea and cough with productive sputum. Dyspnea 
bad especially while sitting up and pt reporting requiring up to 6lpm O2. Also new right arm swelling. 

Presented to SMMH 10/05/2025



SMMH Emergency department: H&P + Exam



SMMH 
Emergency 
department:
Labs



SMMH 
Emergency 
department:
CXR



SMMH Emergency department:
CT CHEST



SMMH 
HOSPITAL 
COURSE

• 10/05/2025: 
• Right axillary/subclavian DVT diagnosed. 
• CT PE negative for PE but showed bilateral 

consolidative opacities, progressed since 
09/27/2025.

• Started on Rivaroxaban for DVT and 
piperacillin-tazobactam 4.5g IV q6h for CAP. 
Admitted for DVT and CAP.

• 10/08/2025: Started on vancomycin given ongoing 
hypoxia with no improvement. 

• 10/12/2025: 
• Worsening hypoxia. 
• Repeat CT PE showed new right upper lobe pulmonary 

emboli. 
• Switched from rivaroxaban to enoxaparin. 
• Started on hydrocortisone 50 mg IV Q6H for suspected 

severe community-acquired pneumonia. Respiratory 
panel negative.



CTPE 10/12/2025



SMMH HOSPITAL COURSE (10/15/2025)

Ongoing Hypoxia, but intermittent improvements, mainly when pt remaining supine.

Switched from hydrocortisone to methylprednisolone 125 mg IV Q12H. 

Empirically started on itraconazole for possible fungal pneumonia. 

Infectious w/u – Negative respiratory gram stain + cx, respiratory viral panel (including COVID,influenza,RSV), legionella 
urine antigen, 1,3 B D-Glucan, AFB gram stain (cx pending), blood cultures, HIV test negative. IGRA indeterminate.

CTD w/u – ANA, ENA, RF, Anti-SCL 70, Anti-SSA/RO, Anti-GBM, MPO, PR3

Repeat CT PE showed mild decrease in right upper lobe PE with no new emboli; lung opacities stable from three days 
prior.



SMMH 
HOSPITAL 
COURSE –
POSITIONAL 
HYPOXIA



Infectious w/u



CT CHEST 10/15/2025



SMMH 
HOSPITAL 

COURSE 
(10/16/2025)

Oxygen requirements increased to 90% FiO2, transferred 
to ICU. 

Trialed on high-dose steroids with methylprednisolone 500 
mg IV for ? fulminant organizing pneumonia.  

Trial of Lasix 40 mg IV every 12 hours for?  Pulmonary 
edema.  Significant diuresis with 5.4 L out and net -3.2 L. 

Piperacillin and vancomycin discontinued given no 
improvement on either x 10 days.  

Doxycycline 100 mg p.o. twice daily added for possible 
zoonotic infectious source of pneumonia.



SMMH 
HOSPITAL 

COURSE 
(10/17/2025)

FiO2 down to around 60% while laying flat overnight, but early morning had to get up 
to have a bowel movement and desaturating down into the 70s with runs of SVT.  

Upon returning to bed still hypoxic and so FiO2 increased back up to 90% and 
desaturating back up to 97%.  

Completed high-resolution CT chest for workup of ILD which again showed similar 
patchy ill-defined prominent subpleural densities and small to moderate bilateral 
pleural effusions with underlying confluent opacification of air bronchograms in both 
lower lobes.  

Underwent echocardiogram with agitated saline to assess for PFO/ASD, formal 
report pending but echo tech did not see any obvious shunt.  

Completed an abdominal ultrasound with portal vein Doppler which only showed 
mild hepatic steatosis with no evidence of cirrhosis and no ascites.  Hepatic and 
portal veins were patent.



High resolution CT Chest (10/17/2025)



SMMH HOSPITAL COURSE: LAB REVIEW



Community Acquired Pneumonia
Review on diagnosis and management of CAP 
(based on IDSA 2019 CAP Guidelines)



CAP - DDx



CAP: Severity Scoring



CAP: 
Work up



CAP: 
Treatment



CAP: 
Treatment



Atypical coverage

• Doxycycline 200 mg PO/IV loading dose followed by 100 PO/IV BID.

• Specific indications for doxycycline in CAP include:

• Animal exposure (covers zoonotic pneumonias).
• Low-key MRSA coverage: Patients are 

at moderate risk for community-acquired MRSA 
pneumonia, but not enough risk to justify 
linezolid/vancomycin. Doxycycline exhibits fair 
activity against MRSA in vitro; however, there 
is limited evidence of its efficacy in treating MRSA 
pneumonia.

• Azithromycin 500 mg IV QD x3 days is an alternative. Azithromycin 
is preferred for patients with suspected Legionella pneumonia. https://www.slideserve.co

m/shaina/community-
acquired-pneumonia



CAP 
Treatment - 

Anaerobic 
coverage

BTS  Guideline criteria 

ANAEROBIC COVERAGE

• Parapneumonic effusions
• At least moderate in size without definitive management with 

thoracentesis / chest tube. 
• Treatment for 2-6 weeks as per BTS  Guideline criteria . 
• Repeat chest imaging q1-2 weeks to ensure resolution, otherwise 

referral to thoracic surgery.
• Lung abscess (consider in cavitating lung lesion)

• Treatment for 3-7 weeks reported in previous review studies. 
• Repeat chest imaging q2-3 weeks until shows a small, stable residual 

lesion or is clear
• Aspiration pneumonia NOT an indication for anaerobic coverage as per 

IDSA guidelines.

Indications:

• Metronidazole 500mg PO/IV q8h
• Clavulin 875/125mg PO q12h
• Piptazo 3.375g IV q6h

Antibiotic options:

https://thorax.bmj.com/content/78/Suppl_3/s1


CAP Treatment - 
Corticosteroids

•Society of Critical Care Medicine Guidelines on severe CAP (2024) recommends use of 
corticosteroids in severe CAP. Strong recommendation, moderate quality evidence.

•IDSA 2019 guidelines recommend not starting corticosteroids unless refractory shock as per 
Surviving Sepsis Guidelines . Conditional recommendation, moderate quality of evidence for 
severe CAP.

•Several RCTs and meta-analyses have shown that steroid may reduce the length of stay and 
risk of intubation.(Saleem et al, 2023) Consequently, the SCCM/ESICM guidelines currently 
recommend steroid for patients with severe community-acquired pneumonia. (Pastores et 
al, 2018)

•Whether steroid causes a mortality benefit is unclear, but this is a possibility among the 
sickest patients. (Dequin et al, 2023)

Evidence 

•Paralytic infusion (risk of myopathy).
•Suspicion of pneumonia due to fungus or tuberculosis.
•Severe immunocompromise (e.g., HIV, chemotherapy, neutropenia).
•History of steroid-induced psychosis.
•Patients with non-severe pneumonia who are admitted to ICU for another reason (e.g., 

delirium, DKA).

Contraindications to steroid

•If the risk/benefit of steroid is unclear, the following factors might support steroid use:
•CRP >150 mg/L indicates a high inflammatory response, which implies greater utility of 

steroid. (Dequin et al, 2023)
•Hemodynamic instability (especially higher vasopressor requirements).
•Pneumococcal pneumonia patients might be expected to benefit considerably (based on 

studies of pneumococcal meningitis).

Patients who might benefit the most



CAP Treatment - 
Corticosteroids

• Hydrocortisone 50 mg IV q6hrs (may be preferred for 
patients in shock).

• Prednisone 50 mg PO daily.
• Methylprednisolone 40 mg IV daily.
• Dexamethasone 12 mg once, then 6 mg/day (either 

PO/IV).

Steroid regimen

• Relatively short steroid duration is generally 
sufficient. 

• In the CAPE-COD trial, steroid was tapered off within 
8-14 days, depending on whether the patient was 
improving after four days.

• Additionally, steroid therapy was discontinued when 
patients left the ICU.

Steroid duration – 



CAP – Daily 
assessments



Non-resolving pneumonia
Review of etiologies, diagnosis, and approach to management



Non-
resolving 
pneumonia: 
Definition



Non-resolving 
pneumonia: 

Definition

Rate of resolution will be affected by patient's underlying 
host factors, comorbidities, severity of illness, and 
suspected pathogen.

In stable or slowly improving pneumonia, especially in the 
presence of comorbidities or host factors that are known 
to delay the resolution of pneumonia, careful observation 
with or without therapy is warranted for four to eight 
weeks. 

If there is no resolution or progression of disease, a more 
aggressive diagnostic approach is appropriate



Non-resolving pneumonia:
Underlying diseases prolonging typical CAP or 
causing recurrence



Non-resolving 
pneumonia: 
Complications 
from initial CAP 
causing non-
responsiveness

• Empyema

o More likely to be younger and to use illicit drugs. 

o Most common cultured pathogen was Streptococcus milleri, suggesting a role for 
aspiration

o Demonstration of any significant amount of pleural fluid should prompt 
consideration of a diagnostic thoracentesis to rule out empyema

• Lung Abscess

o Major pathogens are from upper airway - Peptostreptococcus spp, Bacteroides 
melaninogenicus, and Fusobacterium nucleatum

o Often subtle in onset and relatively slow in progression. Typically present with 
fever, night sweats, weight loss, cough, dyspnea, and putrid sputum with or 
without pleurisy.

o Predisposing factors that should raise the suspicion of abscess formation include 
alcoholism, seizures, poor oral hygiene, and previous aspiration. 

o Chest radiography typically demonstrates an air-liquid level in a dependent 
segment (posterior segment of an upper lobe or posterior segment of a lower 
lobe), but chest CT is more sensitive and can confirm the diagnosis in difficult 
cases.

o Most patients with lung abscess do well with conservative management and a 
prolonged course of antibiotics.

• ARDS



Non-resolving pneumonia: Infectious Etiologies
Tuberculosis
• Clues:
• Longer duration of symptoms.
• History of night sweats, weight loss, or hemoptysis.
• Epidemiologic risk factors for tuberculosis.
• Radiology showing cavitation, upper lobe involvement, or absence of air bronchograms. (30838060)
• Diagnostic tests:
• A CT scan may help risk-stratify the likelihood of TB.
• Sputum for AFB smear/culture and TB PCR.
• Bronchoscopy
PJP (Pneumocystis jiroveci pneumonia)
• Clues:
• HIV (if the diagnosis is known).
• Non-HIV: Chronic steroid use (>15 mg prednisone for >3 weeks), chemotherapy/immunosuppressive 

drugs.
• Diffuse interstitial infiltrates.
• Diagnostic tests:
• HIV serology is crucial to the diagnosis of HIV-PJP.
• Serum beta-D-glucan.
• Induced sputum for PJP PCR.
• Bronchoscopy
Invasive aspergillosis
• Clues:
• Neutropenia (especially >10 days).
• High-dose steroid (e.g., pulse therapy for vasculitis).
• Diagnostic tests:
• A CT scan may help risk-stratify the likelihood of invasive aspergillus.
• Beta-D-Glucan, galactomannan.
• Bronchoscopy.
Endemic fungal pneumonia or cryptococcus
• Clues:
• Often more indolent than bacterial pneumonia.
• Radiologic pattern is often nodular.
• Can affect normal hosts (blastomycosis), but often affects immunocompromised patients (esp: TNF-

inhibitors & steroids).
• Exposure to endemic locations, bird/bat droppings (histoplasmosis), and soil exposure (blastomycosis, 

coccidiomycosis).
• Diagnostic tests:
• Urine antigens (e.g., blastomycosis, histoplasmosis).
• Serum antigen for Cryptococcus (CrAg).
• The CT scan can be suggestive.
• Bronchoscopy.

https://pubmed.ncbi.nlm.nih.gov/30838060/


Incidence of endemic 
fungi in Ontario

• Brown et al. 2018



Endemic Fungi Incidence in Ontario

A = Histoplasmosis

B = Coccidioidomycosis
• Blastomycosis



Non-resolving pneumonia: Non-Infectious Etiologies

DAH (diffuse alveolar hemorrhage)
• Clues:
• Hemoptysis (only 50% of patients, however).
• Diffuse infiltrates.
• Renal failure or active urinary sediment (hematuria).
• Falling hemoglobin.
• May have previously been diagnosed with rheumatologic disease.
• Diagnostic tests:
• Urinalysis: hematuria.
• Markedly elevated ESR & CRP.
• Bronchoscopy shows alveolar hemorrhage.
• Serologies can be helpful (e.g., ANCA).

AEP (acute eosinophilic pneumonia)
• Clues:
• Blood eosinophils over ~300/uL (unusual for severe pneumonia).
• Younger adults with severe PNA often require intubation.
• Sometimes inhalational exposure (especially recent-onset smoking).
• Diagnostic tests:
• Bronchoscopy shows alveolar eosinophilia.

OP (organizing pneumonia)
• Clues:
• Onset is more indolent than usual PNA.
• Weight loss often occurs.
• Refractory to antibiotics.
• Radiographic features may be suggestive (e.g., perilobular opacities, migratory opacities).
• Diagnostic tests:
• Hard to diagnose (tissue biopsy needed).
Drug- or radiation-induced pneumonitis
• Clues:
• Exposure to a drug implicated in causing pneumonitis.
• Most often: amiodarone, chemotherapeutics.
• Diagnostic tests:
• Hard to diagnose.
• Often, diagnosis of exclusion, treated empirically.
• Radiation pneumonitis may have a focal, non-anatomic distribution corresponding to the radiation field.



Non-resolving pneumonia in patients on 
biologics



Non-resolving pneumonia: Confirm triad



Non-resolving 
pneumonia: 

An Approach 
to work up



Non-resolving pneumonia: 
Conventional CT Chest

https://emcrit.org/ibcc/cap/#differential_diagnosis



Non-resolving pneumonia: 
High-resolution CT Chest 
(HRCT)
• HRCT uses thin-section slices (typically 1–2 mm 

thickness) and a high-spatial-frequency reconstruction 
algorithm, which enhances the visualization of fine lung 
structures such as the secondary pulmonary lobule, 
interlobular septa, and small airways.

• Conventional CT typically uses thicker slices (5–10 mm), 
which are adequate for general thoracic imaging (e.g., 
masses, nodules, pleural disease) but lack the spatial 
resolution needed for subtle parenchymal abnormalities.

• Compared with conventional chest radiography, high-
resolution chest CT allows superior detection of underlying 
parenchymal abnormalities, including emphysema, airspace 
disease, interstitial disease, and nodules.

• Such findings may narrow the differential diagnosis or 
suggest reasons for resolution failure. 

https://www.researchgate.net/figure/Chest-CT-scan-images-taken-during-
hospitalization-A-conventional-5-mm-thick-CT-scan-a_fig1_355804107 [accessed 10 Nov 

2025]



Bronchoscopy 
in work up of 

non-resolving 
pneumonias

Bronchoscopy with bronchoalveolar lavage and 
transbronchial biopsy can successfully diagnose 
approximately 90 percent of patients who eventually 
have a specific diagnosis established. 

Most likely to be useful in younger nonsmoking 
patients with multilobar involvement and prolonged 
disease, whereas older adult patients, smokers, and 
those with immunodeficiency are more likely to 
have a nondiagnostic bronchoscopy and to have a 
slowly resolving pneumonia. 



Bronchoscopy 
in work up of 

non-resolving 
pneumonias

Bronchoscopy sampling is particularly useful to 
exclude mycobacteria or fungi if not detected with 
expectorated sputum.

Bronchoalveolar lavage may be helpful in identifying 
noninfectious causes of nonresolving pneumonia, 
such as acute or chronic eosinophilic pneumonia. 

For patients with concomitant mediastinal 
lymphadenopathy endobronchial ultrasound-guided 
transbronchial needle aspiration may facilitate the 
diagnosis of granulomatous disease or malignancy



Bronchoscopy in work up of non-resolving pneumonias:
Bronchiolar Lavage Diagnostic Features 



Bronchoscopy in work up of non-resolving 
pneumonias:
Bronchiolar Lavage Cellular Patterns



Bronchoscopy in work up of non-resolving 
pneumonias:
Bronchiolar Lavage Cellular Patters



Bronchoscopy: 
Other Indications



Bronchoscopy 
contraindications

• Severe hypoxemia

• Severe hypoxemia defined as SpO2 <90 percent while receiving FiO2 ≥60 percent.

• If the treatment decision is felt to significantly depend on the results of the bronchoscopy or if 
it is considered to be therapeutic (eg, mucus plug removal), bronchoscopy may be performed 
either on noninvasive ventilation (NIV) with the informed consent clearly stating the risk of 
impending respiratory failure. 

• Alternatively, bronchoscopy can be performed after elective intubation with the attendant 
complications of intubation and mechanical ventilation clearly outlined to the patient.

• Unstable or severe obstructive airways disease
• Bronchoscopy to obtain bronchoalveolar lavage or transbronchial lung biopsy is usually safe in 

patients with stable obstructive airways disease (eg, asthma, chronic obstructive pulmonary 
disease [COPD], bronchiectasis). 

• However, there is a potential for bronchospasm and/or drop in FEV1 or FVC in patients with 
severe asthma or COPD

• Premedication with nebulized bronchodilator and optimization of asthma control can 
minimize the risks of bronchospasm or hypoxia. Patients may benefit from CPAP or positive 
pressure ventilation during recovery from sedation.

• Hemodynamic instability and myocardial ischemia

• Severe pulmonary hypertension

• Uncorrected bleeding diathesis 
• In patients with thrombocytopenia )50,000/mm3, the risk of bleeding may be unacceptably 

high, especially if biopsy is considered.

• The British Thoracic Society (BTS) guidelines suggest that bronchoscopy with bronchoalveolar 
lavage may be performed safely in those with platelet counts of 20,000/mm3Nonemergent 
elective bronchoscopy should be avoided in patients who are currently having or have had any 
of the following events within the past six weeks: Myocardial ischemia (ie, unstable angina, 
Myocardial infarction [MI], Decompensated heart failure, Exacerbation of asthma or chronic 
obstructive pulmonary disease, Life-threatening cardiac arrhythmias.



Thoracic / 
Open Lung 

Biopsy

Several factors need to be considered when 
deciding to proceed to a more invasive biopsy 
procedure, such as thoracoscopic or open lung 
biopsy. 

A previous nondiagnostic bronchoscopy, concern 
about the specific patient's risk or ability to 
tolerate bronchoscopy, or the need for obtaining 
larger specimens of tissue for certain diagnoses 
may all support the need for proceeding to 
thoracoscopic or open lung biopsy



RVH HOSPITAL COURSE - 
BRONCHOSCOPY

• Transferred to RVH on 10/18/2025 for 
bronchoscopy
• No evidence of purulent secretions.  
• BAL microbiology (October 18, 2025): 

• No bacterial growth, AFB stain negative and 
culture pending

• Fungal stain and culture negative
• Galactomannan 0.13 (normal) 

• BAL cell counts predominant neutrophilia



BAL INFECTIOUS WORK UP



BAL PATHOLOGY AND CELL DIFFERENTIAL



RVH HOSPITAL COURSE - 
BRONCHOSCOPY

• After the bronchoscopy he was treated with pulsed dose steroids for total of 
72 hours  

• A few days later he was extubated but remained dependent on supplemental 
oxygen  

• Underwent CT-guided biopsy was performed On October 30, 2025, which 
was non-diagnostic

• Transferred to Southlake Oct 30, 2025 for an open lung biopsy which was 
performed a day later  



REPEAT ECHO



CT GUIDED BIOPSY



OPEN LUNG BIOPSY



Organizing Pneumonia: Histopathology



Organizing 
Pneumonia: 
Secondary 

Causes



Cryptogenic 
Organizing 
Pneumonia 

(COP): 
Treatment



Platypnea 
orthodeoxia 

syndrome 
(POS)

POS is defined by positional dyspnea and arterial desaturation that 
worsen in the upright position and improve when supine. 

The pathophysiology of POS requires both an anatomical substrate (such 
as an intracardiac or intrapulmonary shunt) and a functional component 
that promotes right-to-left shunting or severe ventilation-perfusion (V/Q) 
mismatch in the upright position.

Organizing pneumonia, whether cryptogenic or secondary, can cause 
extensive parenchymal consolidation, particularly in the lower lung 
zones. 

• This can result in significant V/Q mismatch, especially when gravitational redistribution of 
pulmonary blood flow in the upright position increases perfusion to poorly ventilated, 
consolidated basal lung regions, thereby exacerbating hypoxemia and manifesting as POS.

While most cases of POS are due to intracardiac shunts, the medical 
literature recognizes severe parenchymal lung disease, including 
organizing pneumonia, as a potential extracardiac cause through the 
mechanism of positional V/Q mismatch and intrapulmonary shunting
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