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Teaser

A man presents with progressive breathlessness and is 
found to be in type II respiratory failure with an abnormal 
chest radiograph

How would you investigate this case?
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A man with progressive type II respiratory failure



Use ‘Information about Morning Report’ slide

• Morning Report is an educational interactive feature, which follows a case from a collaborating 
hospital. The format is similar to the proceedings of hospital teaching meeting; a patient’s history and 
examination are revealed in stages, and questions are asked based on the information provided. As in 
real life, not all cases have a concrete diagnosis, and some patients whose cases are presented are still 
being followed up. However, the cases have been chosen for their interest and learning points, rather 
than to highlight an unusual final diagnosis, or the diagnostic prowess of the authors.

• The information presented in these features represents the views of the authors only, is educational in 
nature and is not intended to constitute medical advice. No responsibility is assumed by the LANCET 
nor by the Name of institution for any injury and/or damage to persons or property as a result of any 
actual or alleged libelous statements, infringement of intellectual property or privacy rights, or 
product liability, whether resulting from negligence or otherwise, or from any use or operation of any 
ideas, instructions, procedures, products or methods contained in the material therein. 

• Please note that this feature has not been externally peer reviewed. Please also refer to our terms and 
conditions (link to http://www.elsevier.com/legal/elsevier-website-terms-and-conditions ).
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History

A 73 year old man, originally from Pakistan was referred to our institution in type II respiratory 
failure for consideration of home ventilation. He reported a 4 year history of respiratory 
symptoms presenting initially with relatively rapid onset of worsening breathlessness, orthopnoea 
and morning headache. 

Exercise tolerance was reduced to just 5m on the flat limited by dyspnoea. He was sleepy during 
the day, with frequent morning headaches and unable to leave his house.

Prior to referral, he had been admitted on two occasions for treatment of right upper lobe 
pneumonia. He had commenced long acting beta agonist and inhaled corticosteroid for a 
diagnosis of chronic obstructive pulmonary disease (COPD) with little noticeable improvement in 
symptoms. 

He was an ex-smoker with a 15 pack-year history.
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Past medical history:

• Bladder carcinoma and ileal conduit

• Chronic pancreatitis and biliary stricture

• Atrial fibrillation requiring cardioversion 
and ablation

• Renal impairment

• Previous right upper lobe pneumonia, 
consolidation on CT, bronchoscopy 
inflamed mucosa, negative washings for 
cytology, routine and mycobacterial 
culture.

Drug History:

• Aspirin 75 mg od

• frusemide 40 mg od

• alfacalcidol 0.5ug od

• effervescent calcium 1.25 g bd

• Aledronate 70 mg once weekly

• Warfarin as per INR

• Creon 25,000 III tds

• Sodium bicarbonate 2g mane, 1.5 g nocte

Family History:

• Nil of note

Social History:

Born in Pakistan, childhood in Kenya, 
been in UK for many years. Ex smoker, 15 
pack year history. No close contact with 
TB. No relevant occupational or exposure 
history.
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Clinical assessment revealed he was sleepy. There was bilateral parotid

enlargement, reduced chest wall expansion and abdominal paradox. His chest was

clear with reduced breath sounds. There were shotty inguinal lymph nodes and

symmetrical, proximal limb muscle weakness, MRC grade 4/5.

Resting oxygen saturations on air were 92%.

The remainder of the examination was unremarkable.

Physical examination
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Investigations

Arterial blood gas breathing air MEASURED RANGE CHEMISTRY MEASURED RANGE

pH 7.4 7.35–7.45 Na (mmol/l) 135 135-145

PaO2 (kPa) 8.6 10- 14 K  (mmol/l) 4.3 3.5-5.1

PaCO2 (kPa) 8.4 31-37
Urea  

(mmol/l)
23.2 2.1-7.1

BE 10.7 3.5-11.0
eGFR 

(ml/min)
82 >90

HCO3
- (mmol/L) 34 24-30 CRP (mg/l) 12 0-5
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Q1: what is the physiological abnormality
demonstrated on the arterial blood gas
sample?

• 1. Acute respiratory acidosis

• 2. Acute metabolic acidosis

• 3. chronic respiratory acidosis

• 4. chronic metabolic acidosis



Q1: Answer 

• Chronic or compensated respiratory acidosis. The arterial blood gas 
demonstrates normal pH, mild hypoxia but elevated PaCO2 and  HCO3

-

suggesting renal compensation and a degree of chronicity

• The cause of ventilatory failure should be identified. Type II 
respiratory failure can result from abnormalities from the respiratory 
system, central and peripheral nervous system, the respiratory 
muscles and the chest wall. Arterial blood gas analysis is required in all 
patients who are seriously ill or in whom ventilatory failure is 
suspected. A chest radiograph is essential, pulmonary function tests 
are very useful. ECG and echocardiography are often helpful.



Q2; What are the important findings on the plain chest radiograph and CT?



Explanatory text…

Image

High resolution CT chest



Q2: What are the important findings on the
imaging of the chest?

The plain chest radiograph demonstrates patchy consolidation predominantly in the 
right upper zone and elevation of the right hemi-diaphragm. Consolidation is confirmed 
by the CT.
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• Sputum microbiology unremarkable; acid fast bacilli smear negative

• Mantoux negative. Serum angiotensin converting enzyme normal 

• Interferon-gamma release assay (Elispot) negative

• HIV negative, autoimmune profile negative

• Bronchoscopy: Performed on ITU. Poorly tolerated. Washings, bacterial, 
fungal and TB smear negative. Cytology: mixed inflammatory cells with 
abundant neutrophils. No malignant cells seen. 

• Lung Function: Patient had difficulty with tests. FEV1 0.89 L (40%) FVC 
1.53 L (52.5%), TLCO 38% predicted, KCO 79% predicted.

• Sleep study: Mean overnight transcutaneous CO2 7.5 kPa on NIV, with 
significant oxygen desaturations.

• Respiratory muscle tests:  TwPdi 3.9 cm H20 (normal >20 cm H20), sniff Pdi 
9 cm H20 (normal > 80 cm H20).

Further respiratory investigations



Q3:  What is the likely dominant aetiology of 
ventilatory failure in this man?

• 1. Acute exacerbation of COPD

• 2. Obesity hypoventilation

• 3. Chest wall disease

• 4. Respiratory muscle weakness

• 5. Pneumonia



Answer Q3 - Respiratory muscle weakness

An approach to investigation of this case -1

• Hypercapnia arises when the load 

on the respiratory muscle pump 

exceeds its capacity (see figure 

right)

• Patient has normal oxygen on room 

air suggesting parenchymal lung 

disease not main problem

• TL
CO

<< K
CO

: suggests respiratory 

muscle weakness in the absence of 

chest wall problems

VENTILATORY 
SYSTEM  
MEETS 

DEMANDS 

VENTILATORY 

FAILURE 

Increased Load
Reduced Capacity of 

respiratory 

muscle pump 



An approach to investigation of this case -2

• Respiratory muscle weakness measured as 

maximal sniff nasal pressure

• Diagnosis confirmed by magnetic 

stimulation of the phrenic nerve roots

Phrenic nerve stimulation in diaphragm paralysis

(AJRCCM 1997:155:1565)
1  Hz Phrenic nerve stimulation in a healthy man

(Thorax 1994:49:1234)



Further investigations

• ECG and echocardiogram unremarkable 

• Ultrasound: Both parotids grossly enlarged on 
ultrasound, but of normal texture.

• Renal ultrasound: Normal left and right kidney size 
and morphology.

• Total IgG elevated: 32.6g/L (6-15g/L)

• Serum protein electrophoresis - polyclonal increase 
in IgG

• CT imaging including abdomen and pelvis to exclude 
malignancy/lymphoma



CT Pelvis (day 26)

arrow highlights inguinal lymphadenopathy (1.5 cm)



Further investigations

• US Right groin: 3 enlarged lymph nodes. 
Needle aspiration of largest node. Non-
diagnostic.

• Right groin lymph node surgical biopsy 

• Histology: partial effacement of lymph node 
architecture with expansion of paracortex by 
lymphocytes, plasma cells, eosinophils. 
Possible lymphoma.



Progress

• Post-operative confusion.

• Recurrent hyperkalaemia, worsening renal 
failure.

• Multi-resistant E.coli in urine culture. IV 
antibiotics.

• Despite supportive medical treatment with NIV, 
oxygen and empiric antibiotics there was 
progressive deterioration.

• Day 49 – A diagnostic investigation was 
performed……



Q4: Which investigation would you 
do next?

• 1. Urinary Bence-Jones protein

• 2. SAP scan

• 3. Bone scan

• 4. Surgical lung biopsy

• 5. Renal biopsy



Q3 answer 4: Lung biopsy

The histology demonstrates a fibro-inflammatory process

involving both the alveolar spaces with organising pneumonia

and abnormal interstitium (A), rich in plasma cells (B) with

many staining for IgG4 (C)

A B C



Q5:  What is the unifying 
diagnosis?



Q5  - Diagnosis

IgG4-related lung and mediastinal disease 

with probable phrenic nerve involvement



Progress

• Prolonged post-op ITU stay and respiratory wean.
• Pulsed with iv methylprednisolone, then prednisolone 40mg 

od.
• Serum IgG4 level elevated confirming diagnosis and 

subsequently used as biomarker to assess disease response.
• Recurrent episodes of sepsis, atrial fibrillation, 

hyperkalaemia, renal failure.
• Discharge delayed by aspiration and PEG insertion, 

rehabilitation, instigation of multidisciplinary care package.
• Excellent and rapid clinical response to immunosuppression; 

initially intravenous methyl prednisolone, subsequently oral 
prednisolone 20mg od and azathioprine.

• Discharge daytime arterial blood gasses on air, using 
overnight respiratory support with NIV, PaO210.60 kPa, PCO2 

6.39 kPa, HCO3- 36.2 mmol/L



IgG Trend

ivMP 

Pred 40mg

Pred 15mg

Pred 20mg +

Aza 50mg



CT on discharge

A. Resolving of right upper lobe consolidation with residual fine reticular pattern
denoting minor fibrosis.

B. Contrast-enhanced CT section through the lower zones demonstrating a plaque of
soft tissue density along the right mediastinal surface. Although non-specific, in the
clinical context this finding would be consistent with localised fibrosing mediastintis.
The right phrenic nerve runs caudally over this part of the mediastinum and thus may
be involved.

A B



IgG4-related disease

• IgG4-related disease is a recently recognised, multi-system, immune-mediated 
disorder that often mimics malignancy and infection, first reported in the context 
of sclerosing pancreatitis in 1995

• IgG4-related disease presents to a variety of different specialties with diverse 
synonyms depending on the location and organ involved examples include 
sclerosing siliadenitis, retroperitoneal fibrosis, Riedles thyroiditis, fibrosing or 
sclerosing pancreatits, sclerosing cholangitis and inflammatory aneurysm of the 
aorta.  

• Lung disease is well described, (reviewed in Ryu et al , ERJ 2012) but probably 
underreported.

• Most patients have elevation of serum IgG4 (70-90%). The role of IgG4 in the 
pathogenesis of the disease is currently unclear.

• The pathology is characterised, as illustrated by this case, of a lymphoplasmatytic 
infiltrate with immunohistochemistry demonstrating numerous IgG4 positive 
plasma cells. Resolution of the lesions may result in dense fibrosis.

• IgG4-related disease should be considered in the differential diagnosis in a variety 
of fibroinflammatory diseases of the chest.



Summary
• This case illustrates investigation and management of a patient with type II respiratory failure presenting 

with lung and mediastinal IgG4-related disease.

• IgG4-related disease is a recently recognised chronic inflammatory condition which can affect many 

organs often with different synonyms.  

• IgG4-related disease is characterised histologically by lymphoplasmacytic infiltrate with IgG4 positive cells 

often resulting in dense fibrosis on resolution.

• The incidence and prevalence of lung and mediastinal IgG4 -related disease is currently unknown. 

• Further reading: 

• 1. Neild et al, Hyper-IgG4 disease; report and characterisation of a new disease. BMC Medicine 2006 4:23. 

• 2. Ryu JH, Sekiguchi H, Yi ES. Pulmonary manifestations of immunoglobulin G4-related sclerosing 

disease.Eur Respir J. 2012 Jan;39(1):180-6. 

• 3.  Khosroshahi A1, et al, ; Second International Symposium on IgG4-Related Disease International 

Consensus Guidance Statement on the Management and Treatment of IgG4-Related Disease. Arthritis 

Rheumatol. 2015 Jul;67(7):1688-99.
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