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a b s t r a c t 

The introduction of CFTR modulator drugs like elexacaftor-tezacaftor-ivacaftor (ETI) has transformed the 

management of cystic fibrosis (CF), significantly improving symptoms, lung function, and quality of life, 

while reducing reliance on intravenous antibiotics. However, respiratory exacerbations in the CFTR mod- 

ulators era remain poorly understood from both pathophysiological and clinical perspectives. 

We present the case of a 20-year-old Caucasian woman with CF (F508del/L1077P) who, after three 

years of ETI treatment, experienced a severe episode of hemoptysis, despite being almost asymptomatic 

in the weeks leading up to admission, requiring bronchial artery embolization. Following ETI treatment, 

auscultatory findings and FEV1 changes may be less significant, making the detection of respiratory exac- 

erbation more challenging. This highlights the need for heightened vigilance in managing such cases and 

underscores the challenge of diagnosing and managing exacerbations in the era of modulators. Long term 

real-world studies are essential to comprehend the evolving course of the disease during ETI treatment. 

© 2024 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Treatment of cystic fibrosis (CF) has primarily focused on 

anaging symptoms. In the last ten years, the introduction 

f highly effective CFTR modulators, particularly elexacaftor- 

ezacaftor-ivacaftor (ETI) therapy has dramatically transformed the 

andscape of CF care [ 1 , 2 ]. 

Multiple clinical trials and real-world observational studies have 

onsistently highlighted the clinical benefits of ETI therapy. These 

enefits include improved nutritional status, reduced sweat chlo- 

ide concentration (SwCl) and respiratory exacerbations rate, and 

n overall enhancement in health-related quality of life [ 3 , 4 ]. 

The improvement in pulmonary function, assessed through 

orced expiratory volume in one second (FEV1), ranges from 8 

o 14 percentage points [ 5 , 6 ]. Patients treated with ETI show en-

anced lung ventilation, reduced mucus plugging and airway wall 
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hickening, and improved morphology and perfusion scores. Com- 

uted tomography (CT) is the method of choice for CF imaging, due 

o its widespread availability and expertise [ 7 ]. However, magnetic 

esonance imaging (MRI) can also assess efficacy, offering signifi- 

ant advantages in functional imaging and allowing frequent mon- 

toring without exposing patients to radiation [ 8 , 9 ]. 

Before the introduction of highly effective modulators, CF ex- 

cerbations typically presented with increased sputum production, 

ecline in respiratory function tests, dyspnoea, and weight loss. 

emoptysis may also occur, indicating a severe complication as- 

ociated with chronic bronchial ischemia and inflammation [ 10 ]. 

Despite the proven efficacy of ETI, some patients, especially 

hose who had already developed lung damage before the start 

f the treatment, may still experience respiratory exacerbations 

 5 ]. These episodes may present with symptoms different from the 

re-modulator era. We present the case of a young woman with CF 

ho, after three years of ETI treatment, experienced haemoptysis 

uring an episode of pulmonary exacerbation, without any other 

istinctive symptoms. 
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Figure 1. (a) 3D angio CT reconstruction of the right hypertrophic bronchial artery emerging from the descending aorta; (b) Axial CT image of parenchymal consolidation 

in the superior segment of the right lower lobe; (c) 3D angio CT reconstruction of the right hypertrophic bronchial artery and coronal CT section of the right lower lobe 

parenchymal consolidation. 
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. Case report 

On September 18, 2023, a 20-year-old woman with CF, treated 

ith ETI for the past three years, was admitted to our hospital due 

o a severe episode of hemoptysis. The patient was a carrier of the 

eltaF508 mutation, the most common pathogenetic variant world- 

ide, and the milder L1077P mutation, which together can cause 

ypical cystic fibrosis symptoms with varying severity [ 11 ]. 

She was pancreatic insufficient and presented a moderate- 

evere lung disease, and a chronic pulmonary colonization by 

seudomonas aeruginosa (PsA) and Achromobacter xylosoxidans . 

he successfully completed treatment for Mycobacterium abscessus 

nfection in February 2022. 

The patient suffered also of multiple documented allergic 

eactions to antibiotics, including beta-lactams, aminoglycosides, 

osfomycin, and colistin, and of a documented peripheral sensory 

europathy, likely induced by linezolid. 

The response to ETI therapy was remarkable, with a significant 

mprovement in FEV1 (from 2.02 to 2.98 L after 6 months of ther- 

py), and a reduction in sweat chloride concentrations (from 117 

Eq/L before treatment to 54 mEq/L after 12 months). During the 

hree years of ETI therapy, there was no further need for antibiotic 

reatment. 

In early July 2023, she experienced her first episode of mild 

emoptysis, occurring approximately one week before her men- 

trual cycle, without any other symptoms. The patient was as- 

essed at the CF center and found to be in good general condition 

ith stable weight, a normal BMI (24.6 kg/m ²), and normal vital 

igns (oxygen saturation of 100% in room air, heart rate of 87/min, 

nd blood pressure of 117/84 mmHg). Her respiratory examination 

howed no significant abnormalities, but there was a notable de- 

rease in forced expiratory flow (FEF 25-75) to 2.68 L/s, a reduction 

f 640 mL from the previous spirometry. There were no significant 

hanges in FEV1 (3.16 L) and forced vital capacity (4.04 L). 

No other symptoms have been reported since mid-September 

023, when a second episode of moderate hemoptysis was fol- 

owed by a more concerning third episode a few hours later, dur- 

ng which she expectorated 150 mL of blood and experienced chest 

ain without any other typical symptoms of pulmonary exacerba- 

ion. Interestingly, the patient had been entirely asymptomatic in 

he weeks leading up to admission. 

Upon admission, her blood tests showed an increase in inflam- 

atory markers (C-reactive protein: 8.26 mg/dL, White blood cells: 

2.050/mmc), supporting the diagnosis of acute pulmonary exacer- 

ation. The coagulation indices were normal. Aspergillus infection 

as ruled out, with total IgE measuring 85 kUA/L and specific IgE 
2

nd IgG for Aspergillus showing no reactivity. Serum galactoman- 

an and beta-D-glucan assays also produced negative findings. 

Considering her multi-allergic status, and her recent sputum 

ulture positive for PsA, intravenous therapy with a single an- 

ibiotic, levofloxacin, along with tranexamic acid was started. A 

ontrast-enhanced chest CT-scan showed multiple bronchial arter- 

es originating from the proximal descending thoracic aorta, with 

iameters ranging from 3 to 5 millimeters and with a tortuous 

ourse towards the right pulmonary hilum ( Figure 1 a). Further- 

ore, the imaging identified a parenchymal consolidation in the 

osterior part of the right lower lobe, characterized by a denser 

entral area, air bronchogram, and peripheral ground-glass atten- 

ation ( Figure 1 b and c). Another smaller area of parenchymal 

onsolidation was visible at the right upper lobe. Above the right 

iaphragm, there were small areas of micronodular ground-glass 

ttenuation suspected as interstitial inflammation. Given the wors- 

ning of the radiological findings, trimethoprim/sulfamethoxazole 

as added to the ongoing intravenous antibiotic therapy. Ten days 

ater, a chest MRI was performed, revealing a partial reduction in 

he size of the right posterior lower lobe consolidation, with a 

aximum diameter of approximately 4 cm. 

In early October, bronchial arteries embolization procedure was 

erformed in local anesthesia with selective catheterization of 

he right bronchial branch, which was found to be ectasic with 

ultiple peripheral pathological vascularization ( Figure 2 a and b). 

uper-selective catheterization was performed using a 2.7 Fr mi- 

rocatheter to prevent non-target embolization, followed by em- 

olization using 50 0-70 0-micron polyvinyl alcohol particles mixed 

ith iodine contrast. The procedure concluded upon achieving flow 

eduction, without any procedural complications. 

Unfortunately, following the initiation of ETI treatment, the pa- 

ient was unable to produce sputum, and given the recent episode 

f hemoptysis, an induced sputum test to rule out Mycobacterial 

nfection was not performed. The patient was discharged after 23 

ays in good conditions. One month later, MRI was conducted and 

evealed a remarkable reduction in the parenchymal right lower 

obe consolidation, with no further parenchymal consolidations ob- 

erved at this time ( Figure 3 ). Spirometry also indicated notable 

mprovements in FEF 25-75% ( + 400 mL) and FEV1 ( + 100 mL) com-

ared to the spirometry performed in July. 

. Discussion 

Numerous clinical studies and real-world observations have 

onfirmed the remarkable efficacy of ETI in individuals with CF 

arrying the F508del CFTR mutation [ 5 , 12 ]. The clinical benefits 
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Figure 2. (a) Angiography of the right bronchial artery with ectatic vessels and pathological vascularization; (b) Angiography after embolization with occlusion of distal 

bronchial branches. 

Figure 3. MRI T2 weighted axial image of thorax showing a significant reduction 

in the previous consolidation. 
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ere observed in both patients previously exposed to modulator 

herapies and those who are modulator-naïve, with minimal docu- 

ented adverse events [ 5 , 12 ]. 

Our patient experienced an unexpected, severe pulmonary ex- 

cerbation, marked by an episode of severe hemoptysis, without 

ther symptoms, despite three years of ETI therapy. Notably, she 

ad been entirely asymptomatic in the weeks preceding admission. 

s far as we know, there are currently no reports in the literature 

escribing the clinical manifestations of respiratory exacerbations 

n patients treated with ETI. In the era of modulators, the diagno- 

is of respiratory infections becomes more challenging, as most pa- 

ients experience a reduction and sometimes even the disappear- 

nce of both cough and sputum. 

Respiratory exacerbations in CF patients undergoing ETI treat- 

ent may occur not only less frequently but also manifest with 

ifferent and more subtle symptoms than previously observed. 

uscultatory findings may also be misleading, and FEV1 may ex- 

ibit limited significant changes. Furthermore the 

heterogeneity of phenotypic manifestations in CF can vary not 

nly based on patient-specific mutations but also on the severity 

f the underlying lung disease at the onset of modulator treatment. 
3

herefore, caution is necessary in managing these cases. Physicians 

pecializing in CF care must learn to recognize symptoms that dif- 

er from those observed in the past to promptly identify poten- 

ially critical situations. Deterioration in FEF 25-75% and multiple 

reath washout could serve as early markers of pulmonary exacer- 

ation. However, large studies are needed to better define recom- 

endations for managing these patients, including subgroup anal- 

sis based on the severity of pre-existing disease. 

In conclusion, our case underscores the importance of vigi- 

ance in managing CF patients undergoing ETI therapy. Addition- 

lly, there is an urgent need for new non-invasive methods beyond 

urveillance to enable the identification of potentially responsible 

athogens for pulmonary exacerbations. 
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