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Immunocompromised patients often experience pulmonary complications 

especially acute respiratory failure (ARF) ( 1 – 3 ), the main cause of which is 

infection ( 4 ). To avoid increasing the risk of infection, non-invasive 

mechanical ventilation (NIV) is recommended as a first line treatment for 

immunocompromised patients ( 5 , 6 ). However, recent studies have cast 

some doubts on the protective effects of NIV as a first-line treatment in 

immunocompromised patients with ARF ( 7 – 9 ). Meanwhile, a high-flow 

nasal cannula (HFNC) may potentially be a better alternative to NIV or 

standard oxygenation therapy (SOT) in immunocompromised patients due to

its unique functions ( 4 ), but the results of studies of the effect of HFNC are 

also obscure ( 10 – 12 ). It has been determined that the identification of ARF

etiology in immunocompromised patients currently contributes extensively 

to the survival rates of these patients. 

Recently, Azoulay et al. ( 13 ) conducted a large, multinational prospective 

cohort study named the Efraim study, in which 1, 611 critically ill 

immunocompromised patients with ARF were enrolled. They compared the 

intubation rate between four groups: standard oxygen only, HFNC only, NIV 

only, and both HFNC + NIV. Meanwhile, they also included patients who 

received first-line invasive mechanical ventilation (IMV) and all-cause 

hospital mortality rates were compared between these groups. The study 

illustrated that the use of NIV did not impact outcomes. Although HFNC 

reduced the intubation rate, it did not influence all-cause hospital mortality. 

However, more importantly, they found that the etiology of ARF had an 

impact on hospital mortality, acting as a vital confounder in the association 
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between oxygenation strategy and mortality, and the study proved that 

patients with undetermined ARF have a very high mortality rate. 

What Causes the Negative Results of NIV and HFNC 
Despite their Obvious Advantages in Reducing Infection 
Compared to IMV? 
The successful application of NIV or HFNC depends greatly on the selection 

of target patients and the optimal timing of the initiation of the study, as well

as discontinuation of the first trial of NIV or HFNC. In the IVNIctus randomized

controlled trial, immunocompromised patients received NIV treatment early, 

before they met IMV criteria. The authors were surprised to observe 

significant decreases in intubation rates and mortality rates in these patients

compared with those determined in former studies ( 14 ). The delayed use of

NIV was a pivotal predictor of NIV failure ( 15 ) and the mortality rate of 

patients increased dramatically after the failure of NIV ( 12 , 13 , 16 ). These 

results signal that it may be useful to move the timing and initiation of NIV 

ahead. Consistent with previous studies, the Efraim study demonstrated that

the effect of intubation on mortality was determined by the timing of 

intubation and initial oxygenation strategy. After the failure of NIV, SOT, or 

HFNC, the odds of mortality increased compared to first-line IMV. To note, 

among these groups, patients with HFNC had higher risks of mortality after 

the failure of HFNC ( 13 ), which calls for the close supervision of patients 

with HFNC and timely conversion to IMV. 

In addition, choosing oxygen strategies according to disease severity also 

exerts a great influence on endpoints. A recent systematic review and meta-
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analysis showed that NIV is a promising strategy in less severe patients 

(reflected by Simplified Acute Physiology Score II <60) ( 17 ). However, for 

more severe patients, NIV fails to show clear advantages over IMV ( 4 ). 

Similarly, as demonstrated in a recent study, the Sequential Organ Failure 

Assessment score is positively associated with HFNC failure, and there is a 

high possibility of HFNC failure in patients with ARF who initially had organ 

dysfunction ( 18 ). However, well-designed randomized controlled trials are 

still required, to further establish the predictors of HFNC failure in 

immunocompromised patients with ARF. 

Have We Done Our Best to Identify the Causes of ARF? 
The increased mortality of patients with ARF of undetermined causes, as 

stated previously, may be ascribed to delays arising from a failure to 

recognize and treat a pulmonary complication. The study compared the 

diagnostic workup between patients with established causes of ARF and 

those with undetermined ARF etiology. The number of uses of fiberoptic 

bronchoscopy and bronchoalveolar lavage, as well as the type and number 

of uses of non-invasive diagnostic tests, were not significantly different 

between the two groups. Consequently, the study suggested that clinicians 

should make more effort to identify the etiology of ARF. 

To avoid intubation, clinicians are reluctant to use IMV as the initial 

oxygenation strategy, which precludes the application of some useful 

diagnostic techniques. In the past, these methods may have gained limited 

benefits due to their poor diagnostic efficacy. However, emerging new 

technologies bring the potential of a more rapid and detailed resolution of 
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etiology. Previously, the microbiological diagnosis was very challenging, due 

to the negative blood cultures created by the numerous opportunistic 

pathogens to which immunocompromised patients are susceptible ( 19 ). 

Nevertheless, with new diagnostic methods like nucleic acid sequencing 

(next-generation sequencing, NGS) and mass-spectrometry-based methods, 

the specificity and sensibility of pathogen detection has significantly 

increased ( 20 ). NGS was recently reported to show superior abilities in 

detecting Mycobacterium tuberculosis , anaerobes, and potentially Nocardia, 

and is less likely to be affected by prior antibiotic usage ( 20 ). Furthermore, 

61% of NGS-positive cases in which the conventional method was 

inconclusive led to diagnosis modification ( 20 ). In a multicenter, 

prospective study, 101 immunocompromised adults were enrolled and 

underwent both standard procedures (including blood culture, serological 

diagnosis, antigen detection, PCR, and direct examination of specimens) and 

next-generation sequencing (NGS) for the first line diagnosis of infection. The

results detected a significantly higher proportion of patients with infection by

NGS than that by standard procedures (SP) (36 vs. 11%). The viruses and 

bacteria that were only identified by NGS, but not SP, mainly included 

rhinovirus A, adenovirus B Bacteroides fragilis, Streptococcus pneumoniae, 

Acinetobacter baumannii , and Pseudomonas sp, most of which are 

opportunistic pathogens ( 19 ). More recently, mass-spectrometry-based 

methods have revolutionized pathogen identification ( 21 ). With the 

advantages of extreme rapidity (a matter of minutes), cost efficiency, and 

high specificity, the matrix-assisted laser desorption/ionization time of flight 

mass spectrometry has been demonstrated to outperform conventional 
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methods in identifying anaerobic bacteria, mycobacteria, and fungi, and 

occasionally, in predicting the antibiotic phenotypic resistance profile ( 22 – 

24 ). With these methods, patients may benefit from more appropriate 

therapy. Grumaz et al. found that NGS diagnostics would have led to a 

change in antimicrobial therapy in 53% of patients based on retrospective 

assessment by experts. The patients with adequate treatment had higher 

survival rates than patients who were inadequately treated, indicating that 

NGS may improve the survival of sepsis by assisting physicians in 

establishing appropriate antibiotic treatment regimens ( 25 ). 

In addition to microbiological diagnosis, other new techniques are 

increasingly used in the identification of etiology. For instance, 

endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-

TBNA) was recently shown to be a useful procedure for the diagnosis of 

sarcoidosis. Compared to conventional TBNA, EBUS-TBNA has a markedly 

higher diagnostic yield in sarcoidosis (74. 5 vs. 48. 4%) ( 26 ). 

With these advanced diagnostic techniques, clinicians are more likely to 

identify the real cause of ARF and tailor specific treatment protocols for 

different patients. In this case, clinicians are expected to weigh the pros and 

cons of IMV more carefully, from a new perspective. As a matter of fact, with 

improvement in intensive care unit management, intubation is not as fatal as

we had previously thought for immunocompromised patients. A study 

conducted by Lemiale et al. found that the mortality of intubated patients 

has decreased notably, whereas other determinants of mortality including 

the ability to identify ARF etiology are still heavily impactful ( 10 ). Taking 
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precautions to minimize infection risks in patients with immunosuppression 

is truly essential, but it may be time to be confident in controlling infection, 

and give priority to identifying ARF etiology when choosing an oxygenation 

strategy, possibly including intubation for diagnostic procedures. At the 

same time, an aggressive diagnostic strategy should be considered if 

necessary. Nonetheless, we still need more randomized controlled trials to 

provide thorough evidence to guide us in this issue. 

Conclusions 
In conclusion, HFNC is a potential oxygenation therapy to be used in 

immunocompromised patients but more evidence is needed to determine 

the target patients as well as the optimal timing of initiation and 

discontinuation of HFNC. More importantly, clinicians should give priority to 

identifying the etiology of ARF by implementing aggressive diagnostic 

methods instead of refusing intubation merely to reduce infection risks. 
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