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identify literature supporting a specific enzyme replacement regi-
men in ACFLD.

17. For individuals with advanced CF lung disease with frequent
prior and continuing exposure to nephrotoxic and ototoxic
agents, the CF Foundation recommends increased monitoring
for accumulating toxicity.

With disease progression, individuals with CF often acquire re-
sistant organisms and receive more frequent courses of antibiotics
with higher cumulative exposure. Both ototoxicity and nephrotox-
icity related to aminoglycosides and other antibiotics are impor-
tant in ACFLD, particularly when chronic kidney disease (CKD) may
impact lung transplant candidacy and outcomes. CKD may occur
without a serum creatinine above the normal range, particularly
in the setting of reduced muscle mass. One large registry study
demonstrated an annual prevalence of CKD of 2.3% in individu-
als with CF; this rate doubled with every 10-year increase in age
[90]. In another study of 80 adolescents and adults with CF, be-
tween 31-42% had impaired renal function that was strongly cor-
related with aminoglycoside exposure and potentiated by use of
intravenous colistin [91]. Due to risks as well as clinical efficacy,
tobramycin is the preferred aminoglycoside for exacerbations in in-
dividuals with Pseudomonas. Although some studies do not confirm
a relationship between antibiotic exposure and renal insufficiency
[90,92], given the antibiotic requirements and transplant implica-
tions careful monitoring is advisable in ACFLD, particularly during
administration of intravenous ototoxic or nephrotoxic drugs.

18. The CF Foundation recommends that women with ACFLD con-
templating pregnancy first carefully consider the risks in con-
sultation with high-risk obstetrics and CF providers.

Compared to the general non-CF population, pregnancy in CF
is associated with an increased risk of perinatal complications in-
cluding maternal deterioration, preterm labor, low birth weight,
Caesarian delivery, respiratory failure, and death, with most stud-
ies showing higher risks in those with ACFLD [93-95]. The asso-
ciated maternal complications may be a function of the lung dis-
ease itself, as outcomes in pregnant women with CF do not ap-
pear to differ from outcomes in non-pregnant women with CF
who have similar lung disease characteristics [96-99]. International
guidelines regarding pregnancy in CF note that pregnancy can oc-
cur regardless of severity of pulmonary disease, with outcomes (for
mother and infant) being closely linked to lung function and stabil-
ity. Pulmonary status needs to be optimized in planned fashion in
all women prior to pregnancy [100]. Although predicting individual
pregnancy outcomes based on disease severity is challenging [94],
it is advisable for women with ACFLD contemplating pregnancy to
carefully discuss the risks prior to conception.

19. For individuals with ACFLD with indications for opioids, the CF
Foundation recommends treatment in accordance with estab-
lished Center for Disease Control guidelines, including monitor-
ing for adverse effects and consultation with pain and/or pal-
liative care specialists as appropriate.

Pain and dyspnea are common and associated with adverse out-
comes in CF [101]. Concerns about respiratory depression, toler-
ance, addiction, and transplant eligibility may affect opioid pre-
scribing for patients with specific indications including moderate-
severe acute or chronic pain, painful therapies, dyspnea in ACFLD,
or end of life symptoms. In two CF studies (one in the ACFLD pop-
ulation), no patients experienced severe opioid-induced respira-
tory side effects, and subsequent misuse behaviors were extremely
rare [102,103]. Studies in mixed pulmonary populations including
COPD similarly demonstrated no significant respiratory side effects
of low-dose opioids [104,105]. Another study of 59 lung transplant
candidates co-managed in palliative care programs also found no

important opioid side effects, and only 23% continued opioids one-
month post-transplant [106]. Consistent with other statements for
palliative care in lung disease [107], appropriately-dosed opioids
can be prescribed for individuals with ACFLD when coupled with
proper education, safety monitoring, and proactive side effect man-
agement including monitoring of bowel function and prevention
of constipation. Communication with transplant centers regarding
opioid policies is advised. Specific strategies regarding opioid ini-
tiation, dosage, duration, and risks are reviewed in Center for Dis-
ease Control Guidelines [108].

20. For individuals with ACFLD and anxiety, the CF Foundation rec-
ommends management in accordance with the International
Committee on Mental Health in Cystic Fibrosis: Cystic Fibro-
sis Foundation and European Cystic Fibrosis Society consensus
statements for screening and treating depression and anxiety,
reserving benzodiazepines for refractory symptoms or end of
life symptom palliation.

Anxiety is common and warrants increased attention in ACFLD.
Benzodiazepine use has been associated with exacerbations, res-
piratory failure, and mortality in COPD [105,109], but CF-specific
data are lacking. The International Committee on Mental Health in
CF’s consensus statements recommend a stepped-care model, using
psychological interventions as first-line anxiety treatment and re-
serving short-term benzodiazepines for refractory symptoms with
close monitoring [110]. Consistent with other palliative care state-
ments for lung disease [107], benzodiazepines should be consid-
ered standard of care for anxiety at the end of life in individuals
with ACLFD.

21. When individuals with CF meet criteria for advanced lung dis-
ease and with subsequent changes in clinical or social status,
the CF Foundation recommends a formal care conference in-
volving caregiver(s) and selected team members to develop a
plan for ongoing psychosocial support.

In adults with CF and severe disease, caregiver support is as-
sociated with fewer physical and emotional symptoms [111]. Ad-
ditionally, caregiver availability often factors into lung transplant
eligibility based on pre-transplant support being linked to ad-
herence and post-transplant outcomes in general organ trans-
plant populations [42,112]. Moreover, family members of individu-
als with CF face mental health challenges that may be amplified in
ACFLD [113,114]. Proactive communication allows better prepared-
ness while approaching complex health issues and decisions. Care
teams should thus formally identify support systems for those with
ACFLD, while normalizing the need for support and offering edu-
cation on caregiver roles during disease progression and pursuit of
transplantation.

22. In individuals with ACFLD, the CF Foundation recommends as-
sessing the adequacy of financial resources at least biannually
and with changes in clinical or social status.

Low socioeconomic status is associated with worse adherence,
nutrition, lung function, mental health, and survival in CF [115,116].
Although the specific impact in ACFLD is unknown, experience
suggests greater financial challenges including treatment burden
and associated costs, change in work status, disability, and care-
giver economic strain [117]. Public insurance, which typically cov-
ers individuals with limited income, is also associated with lower
lung transplant referral and acceptance rates [4,118], as well as in-
creased wait list mortality [119]. The American College of Physi-
cians, in a recent position paper, recommended increased screen-
ing and collection of social determinants of health data for all pa-
tients [120]. Therefore, more frequent assessment is indicated for
individuals with ACFLD and their caregivers to identify cost barri-
ers, provide resources, educate regarding health care coverage and



