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Background and Objective: As life expectancy in cystic fibrosis (CF) has increased over the years, a 
shift in focus toward extra-pulmonary comorbidities such as gastrointestinal (GI) disease has become a topic 
of particular importance. Although not well-defined in the current literature, GI dysmotility is thought to 
significantly contribute to GI symptomatology in the CF population. The objective of this article was to 
provide a comprehensive review of diagnostic modalities at the disposal of the clinician in the evaluation of 
patients with CF (pwCF) presenting with GI complaints. Furthermore, we aimed to highlight the available 
literature regarding utilization of these modalities in CF, in addition to their shortcomings, and emphasize 
areas within the motility literature where further research is essential.
Methods: A comprehensive review of all available literature in the English language through December 1, 
2022 utilizing PubMed was conducted. Our search was limited to GI motility/transit and dysmotility in pwCF. 
Two researchers independently screened references for applicable articles and extracted pertinent data.
Key Content and Findings: Several diagnostic imaging and manometry options exist in the evaluation 
of dysmotility; however, the literature is lacking in high-quality, prospective studies to validate such testing 
in pwCF. Common symptoms experienced and diagnostic motility tools available based on segment of 
the GI tract as related to pwCF are explored in the current review. Shortcomings in the current literature 
are identified and future direction to enhance research efforts within the field of CF-related dysmotility is 
provided.
Conclusions: The influence of CF on GI integrity and motility is far-reaching. Despite improvements 
in longevity and advancement of pulmonary-specific treatment strategies, further high-quality research 
targeting the evaluation and management of GI dysmotility in pwCF is needed.
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Introduction

The gastrointestinal (GI) tract plays a fundamental role 
in overall health and well-being through the ability to 
digest food with subsequent nutrient absorption and 
excretion of waste products. To adequately perform 
its function and preserve the microbiome, the GI tract 
requires coordinated movement of luminal contents from 
the esophagus through the anorectum. The impact of GI 
dysmotility is far-reaching with a range of severity, and 
may have significant implications for patients with other 
chronic diseases, such as cystic fibrosis (CF), in which 
nutritional status is of utmost importance. CF, which is 
a multiorgan disorder secondary to mutation of the CF 
transmembrane conductance regulator (CFTR) gene, may 
present with a wide array of GI comorbidities spanning 
from gastroesophageal reflux disease (GERD) and chronic 
abdominal pain to small intestinal bacterial overgrowth 
(SIBO), distal intestinal obstruction syndrome (DIOS), 
and chronic constipation (1-3). Despite knowledge of these 
potential GI-related complications, the unifying theme 
of these conditions is an underlying predisposition to 
intestinal dysmotility, which remains largely understudied 
in patients with CF (pwCF). In the current article, we aim 
to provide a comprehensive review of diagnostic modalities 
at the disposal of the clinician in the evaluation of pwCF 
presenting with GI complaints (Figure 1). Furthermore, 
we aim to highlight the available literature regarding 
utilization of these modalities in CF, in addition to their 
shortcomings, and emphasize areas within the motility 
literature where further research is essential. We present 
this article in accordance with the Narrative Review 
reporting checklist (available at https://tgh.amegroups.
com/article/view/10.21037/tgh-23-59/rc).

Methods

A comprehensive review of all available literature in the 
English language through December 1, 2022 utilizing 
PubMed was conducted. Our search was limited to GI 
motility/transit and dysmotility in pwCF. Two researchers 
independently screened references for applicable articles 
and extracted pertinent data. Table 1 includes further 
methodology details of how our search was conducted.

The significance of CF-related GI dysfunction

In the 1970s, the average pwCF in the United States had 

a median survival age of 11 years which is dramatically 
different from the current life expectancy of 48 years (4). 
This improvement in longevity is directly influenced by 
the rise of highly effective modulators, such as elexacaftor/
tezacaftor/ivacaftor (ETI), which was demonstrated to 
provide significant improvements in lung pathology through 
the PROMISE Study (5,6). Extra-pulmonary comorbidities, 
including intestinal inflammation and bacterial overgrowth, 
have become more apparent as lifespan has increased, 
likely related to the systemic impact of CFTR mutation 

(7). The outcome of these undesirable sequelae is that 
the physiologic function of the digestive system including 
neuromuscular integrity and associated motility is vastly 
impacted, causing a range of disease processes that 
influence all sections of the GI tract from the esophagus 
through the anal canal. Prior work has indicated that the 
presence of certain GI symptoms may lead to worsening 
respiratory function and vice versa in the CF population (8). 
Interestingly, initiation of ETI has been shown to positively 
influence GI symptoms and reduce markers of intestinal 
inflammation; however, whether these improvements are 
secondary to improved regulation of GI motility remains to 
be studied (5,6,9).

Indeed, GI disease in CF has been identified as a key 
area of focus in the 2020–2024 strategic vision from the 
CF Foundation, and set as a top-ten priority by the James 
Lind Alliance Priority Setting Partnership. Furthermore, 
recent survey-based studies have demonstrated that a 
majority of pwCF suffer from some form of GI disease 
(3,10). With a shift in focus toward GI comorbidities in 
pwCF, the GALAXY Study Group was developed with a 
vision of developing standardized outcome measures to 
detect and address GI symptomatology (7). This prospective, 
longitudinal endeavor has employed several validated GI 
patient-reported outcome measures (PROMs) in clinical 
assessment of GI symptoms in pwCF (7). Similarly, alternative 
questionnaires such as the CF Abdomen Score, which is 
validated in pwCF, have been developed more recently to 
identify signs and symptoms impacting quality of life and 
clinical outcomes (11). Conversely, despite foundational 
encouragement and knowledge of concomitant GI 
comorbidities, there exists a paucity of literature evaluating 
CF-related GI motility and subsequent consequences 
of neuromuscular dysfunction. Accordingly, to further 
emphasize the current literature and its shortcomings, the 
ensuing sections are separated based on segment of the 
GI tract, with each including background and diagnostic 
testing options based on research involving pwCF.

https://tgh.amegroups.com/article/view/10.21037/tgh-23-59/rc
https://tgh.amegroups.com/article/view/10.21037/tgh-23-59/rc
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Esophagus

Background

When considering esophageal dysmotility, emphasis 
is placed on adequacy of lower esophageal sphincter 
(LES) tone and peristaltic integrity of the esophageal 
body. The degree to which LES tone is abnormal may 
influence symptoms of outflow obstruction versus GERD. 
Inappropriate LES relaxation may be further altered by 
the presence of a hiatal hernia, and accentuate GERD 

symptoms such as heartburn, chest pain, and regurgitation. 
Unfortunately, the prevalence of GERD within pwCF is 
exceedingly high, with some studies suggesting rates 6–8 
times higher than healthy counterparts (12). Furthermore, 
pwCF tend to have greater proximal reach of esophageal 
refluxate; however, the influence of transient lower 
esophageal sphincter relaxations (TLESRs) secondary to 
higher gastroesophageal pressure gradients in pwCF as a 
driver of GERD rates is debated (13,14). Moreover, the 
pathophysiologic mechanism of increased GERD burden 
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Figure 1 Evaluation options based on gastrointestinal tract segment. HRM, high-resolution manometry; EndoFLIP, endoluminal functional 
luminal imaging probe; EGJ, esophagogastric junction; HRIM, high-resolution impedance manometry; MRI, magnetic resonance imaging; 
WMC, wireless motility capsule; ADM, antroduodenal manometry; ARM, anorectal manometry.

Table 1 Narrative review search methodology

Items Specification

Date of search December 1, 2022

Database searched PubMed

Search terms All terms were placed in the context of CF, including GI motility, GI dysmotility, GI tract, GI 
transit, GI comorbidities

Timeframe All published articles up to December 1, 2022

Inclusion criteria Inclusion: articles that included pwCF and GI motility/dysmotility/transit testing or 
comorbidities

Selection process Two researchers independently screened references for applicable articles

CF, cystic fibrosis; GI, gastrointestinal; pwCF, patients with CF.
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in pwCF is likely multifactorial including lower basal LES 
tone, abnormal gastric emptying (GE), and intrathoracic 
variables (13,15). No matter the exact mechanism, it is 
important to note that the presence of gastroesophageal 
dysmotility in pwCF increases the risk of aspiration which 
can subsequently worsen pulmonary dysfunction (12). 
Detection and treatment of pathologic GERD is especially 
crucial in patients who have end-stage lung disease and 
are being considered for transplantation, with prior data 
suggesting elevated pre- and post-transplant prevalence 
of GERD in pwCF (16,17). Following transplantation, 
the importance of adequately managing GERD should be 
emphasized given the association between refluxate (both 
acidic and weakly acidic), microaspiration, and development 
of post-transplant complications such as acute rejection and 
small airway inflammation eventually leading to fibrosis and 
bronchiolitis obliterans (17-19). Nissen fundoplication in 
select pwCF has been shown to slow lung deterioration and 
improve quality of life in those with evidence of pathologic 
GERD (20,21).

Diagnostic motility evaluation

Providers should be familiar with the benefits and 
limitations of modalities for assessing pathologic GERD in 
pwCF. Multichannel intraluminal pH impedance (pH/MII) 
can detect proximal refluxate, distinguish the directionality 
and presence of both acidic and weakly-acidic (thought to be 
biliary in nature) reflux, and provide symptom correlation 
to reflux episodes (12). Impedance testing requires 
transnasal catheter placement 5 centimeters (cm) above the 
esophagogastric junction (EGJ), is typically inserted under 
local anesthesia in most adults versus general anesthesia 
with endoscopic guidance in a majority of pediatric patients, 
and can be monitored inpatient or outpatient depending 
on patient age and preference. Alternatively, wireless pH 
monitoring (Bravo), which involves endoscopic placement of 
the device against the esophageal wall 6cm above the EGJ, 
has the capability to measure acid refluxate episodes, provide 
symptom correlation, and allow for ambulatory monitoring. 
However, wireless pH testing is unable to identify proximal 
reflux that could be associated with micro-aspiration events, 
and cannot detect weakly acidic/biliary reflux that may play 
a role in progression of respiratory diseases including CF 
(22-27). While catheter-based monitoring is only performed 
over a 24-hour period, wireless pH monitoring can be 
performed up to 96 hours and allow for a more complete 
understanding of a patient’s reflux burden. Either study can 

be performed on or off acid suppression depending on the 
clinical question; however, an initial diagnosis of pathologic 
GERD as defined by the Lyon Consensus can only be 
determined off acid suppression (28). As of 2023, the Lyon 
version 2.0 provides an updated consensus of the diagnostic 
algorithm that should be followed, divided between typical 
and atypical symptoms, in order to objectively prove or 
reject the presence of pathologic GERD (29).

Moving beyond assessment of GERD, high-resolution 
esophageal manometry (HRM) remains the gold standard 
in evaluation of esophageal motility (Figure 2). Placement of 
the HRM catheter, which consists of 36 pressure transducers 
spaced 1 cm apart, can be completed transnasally with or 
without anesthesia depending on patient age and tolerance. 
The complete details of the protocol, including provocative 
maneuvers, are discussed elsewhere as part of the Chicago 
Classification (CC) [currently version 4.0] which was 
created utilizing adult norms (30,31). A diagnostic 
algorithm to classify measurement abnormalities on HRM 
between disorders of EGJ outflow (i.e., achalasia and EGJ 
outflow obstruction) and disorders of peristalsis (i.e., absent 
contractility, distal esophageal spasm, hypercontractile 
esophagus, and ineffective esophageal motility) is also 
provided in the most recent CC (30-32). There are 
currently no studies using HRM in pwCF. Beyond HRM, 
endoluminal functional luminal imaging probe (EndoFLIP) 
has been utilized to assess secondary esophageal peristalsis 
and EGJ distensibility (33). The catheter is placed 
transorally in an anesthetized patient, with indications 
ranging from evaluation of pre/post-surgical achalasia, EGJ 
outflow obstruction, esophageal stricture, and indeterminate 
HRM findings (31,34,35). Despite increasing popularity of 
this procedure, the literature of EndoFLIP utility in pwCF 
is nonexistent at this time. In areas where EndoFLIP is not 
readily available adjunctive esophageal testing with a timed 
upright barium esophagram (TBE), which utilizes barium 
suspension and/or tablet and includes left-posterior oblique 
radiographs at 1, 2 and 5 minutes post-consumption, may be 
useful in evaluation of transit and detection of EGJ outflow 
obstruction (36). A distinction should be made between 
TBE and a standard esophagram, the latter of which is used 
to evaluate anatomic abnormalities and has been found to 
be an inadequate diagnostic tool of esophageal dysmotility 
and GERD (36,37).

Except for circumstances where the impact of a 
medication on motility is being evaluated, in all manometric 
modalities discussed throughout this article medications 
that may influence GI motor function (i.e., anticholinergics, 
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neuromodulators, prokinetics, opioids, antiemetics, 
cannabinoids) are routinely discontinued two days before 
testing if possible (30,38-40). Certainly, avoidance of 
specific medications may be difficult in pwCF; however, 
shared decision-making after discussion with the patient 
will facilitate a mutually agreed upon plan moving forward.

Stomach

Background

The stomach is crucial in the creation of chyme for 
further digestion and nutrient absorption in the small 
intestine through complex peristaltic actions and release 
of hydrochloric acid and proteases (41). Disturbances of 
gastric motility have the propensity to induce significant 
disruption in the lives of those affected, including symptom 
development (early satiety, nausea, vomiting, postprandial 
fullness, bloating, and abdominal discomfort), inability to 
tolerate oral medications with subsequent poor absorption, 
and the potential for nutritional compromise. Altered 
gastric motility in CF has been documented in the 
literature; however, the underlying mechanism as related to 
neuromuscular dysfunction is not well-defined but is likely 
multifactorial in etiology (38). GE in CF from the literature 
has been reported along the spectrum of too rapid, 

which has been suggested to normalize with appropriate 
pancreatic enzyme supplementation, to significantly delayed 
(14,22,25,42-46). A recent systematic review estimated that 
approximately one-third of pwCF had delayed GE, with a 
trend toward increasing frequency of gastroparesis (GP) as 
pwCF age (47). Vagal nerve injury, as reported in common 
operations involving pwCF such as lung transplantation 
and anti-reflux surgery, may influence acquired GP in this 
population. Once mechanical obstruction has been ruled 
out through radiologic studies and upper endoscopy, a 
diagnosis of GP can be made in a patient with characteristic 
symptoms as previously described and objective evidence of 
delayed GE (38,48,49).

Diagnostic motility evaluation

Several diagnostic tools are available for gastric motility 
evaluation which are further detailed below; however, 
scintigraphy is the current gold standard to assess 
GE. Radiolabeled meals to evaluate GE has been 
utilized since the 1960s, and is currently achieved with  
Technetium-99m (50). In 2008, consensus recommendations 
were created to standardize the protocol for measurement 
of GE by scintigraphy in which a low-fat solid-state meal 
consisting of egg whites mixed with the radiotracer is 
ingested (49,51). Following ingestion and baseline imaging, 
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Figure 2 Esophageal high-resolution manometry tracing. UES, upper esophageal sphincter; LES, lower esophageal sphincter.
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subsequent imaging is obtained hourly out to 4 hours which 
is based on several studies that demonstrated superiority in 
detection of delayed GE versus study cessation at 2 hours 
post-ingestion (49,51-55). Gastric retention of greater than 
10% of the radiolabeled meal at 4 hours post-ingestion is 
suggestive of GP (49,51,52,54,56). An alternative test for GP 
in circumstances where scintigraphy cannot be performed 
is stable isotope (13C-spirulina or 13C-octanoic acid) breath 
testing, which includes ingestion of an isotope-labeled meal 
followed by periodic collection of exhaled air samples out 
to 4 hours (49,52,56). Once the study samples are collected, 
mass spectrometry is used to determine the ratio of exhaled 
13-carbon dioxide and subsequently correlated to a GE rate 
(38,49,56-59). Given that GE breath testing is an indirect 
approximation of GE with reliance on gas exchange and 
small bowel absorption, this testing modality is inaccurate, 
and thus not recommended, in individuals with concomitant 
pulmonary disease,  malabsorption,  or pancreatic 
insufficiency secondary to inaccuracy (49,56-59). Beyond 
breath testing, the wireless motility capsule (WMC) was 
previously FDA approved for the evaluation of GE (Figure 3);  
however, has been recently discontinued from production. 
The current literature suggests diagnostic precision similar 
to the above-mentioned tests in the evaluation of GE; the 
abrupt change in pH as the WMC passes from the stomach 
to the small intestine is utilized to determine GE (40,60,61). 
Given that the WMC is a non-digestible solid, studies have 
shown that it typically exits the stomach with peristaltic 
waves elicited by the migratory motor complex (MMC), 
although in a minority of healthy individuals the capsule 
leaves the stomach through postprandial antral contractions  

(40,60-62). The MMC, which includes four phases  
(I–IV) and is active in the state of fasting between meals as 
the so-called “intestinal housekeeper”, has implications in 
dysmotility and subsequent development of small intestine 
bacterial overgrowth when dysregulated (62). Furthermore, 
previous studies have demonstrated that when nutritional 
status in CF is not compromised, MMC patterns are similar 
to healthy counterparts; however, regardless of nutritional 
state gastric mucosal IgA levels appear to be lower and 
duodenogastric bile acid reflux is elevated in comparison to 
healthy controls (24-27).

Beyond the modalities previously discussed, foregut 
motility can be assessed through antroduodenal manometry 
(ADM). High resolution sensors as utilized in esophageal 
manometry have been applied to ADM to facilitate 
evaluation of contraction coordination and pressure 
generation within the stomach and proximal small intestine 
(Figure 4). Several indications exist for the use of ADM, 
including evaluation of feeding intolerance, significant 
nausea and vomiting, rumination and retching, GP, and 
detection of pseudo-obstruction among others (40,52). 
Myopathic and neuropathic disease processes can further 
be subclassified based on the amplitude and pattern of 
contractions (40). Once the 36-pressure port catheter 
is positioned appropriately, typically placed transnasally 
under anesthesia in conjunction with upper endoscopy 
or through an existing gastrostomy stoma, the patient is 
allowed to recover overnight with testing the following 
day. Prior studies have demonstrated adverse influence on 
antroduodenal motility, as specifically related to the MMC, 
following the use of anesthesia (30,40). Once the patient has 

Figure 3 Wireless motility capsule tracing. Blue line indicates temperature; green line indicates pH; and red line indicates pressure.
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fully recovered from anesthesia, ADM evaluation can begin, 
typically lasting 6–8 hours to allow adequate observation of 
motility patterns in the fasting and fed states (30,40). No 
studies utilizing ADM in pwCF have been described in the 
literature to date. An alternative, non-invasive approach 
to evaluate myoelectrical activity of the stomach may be 
achieved through use of electrogastrography (EGG), which 
provides measurements on slow wave frequency, dominant 
frequency, and contraction power (38,63-65). Irregularities 
in EGG measurements in the pre/post-prandial states have 
implications on the integrity of gastric motility (38,63-65). 
In the available studies utilizing EGG in CF dysrhythmia 
was evident in a majority of patients, ranging from fasting 
and postprandial bradygastria (decreased frequency of 
normal slow waves pattern) to postprandial tachygastria 
(increased frequency beyond typical slow wave pattern), 
which has implications in gastric dysmotility (63,64).

Small bowel

Background

The small intestine plays a number of essential roles in the 
function of the GI tract, including mechanical digestion, 
propulsion of food along the GI tract, and absorption 
of nutrients such as iron, B9 (folic acid), and B12 (66). 
Thus, it is apparent that even minor alterations in small 
bowel function can have a large impact on a patient’s 
quality of life and nutritional status. With alteration of 
normal intestinal physiology, pwCF are predisposed to 
the development of several pathologic processes including 
SIBO, DIOS, and abnormal small bowel transit times 

(8,22). Bacterial overgrowth is quite prevalent in pwCF, 
reported in more than one-third of individuals, and 
presents with a variety of symptoms including diarrhea, 
bloating, abdominal discomfort, nutrient malabsorption, 
and increased flatulence (67-69). Specific to the CF-
intestine, DIOS is thought to be more directly influenced 
by the CFTR mutation than other intestinal pathologies; 
however, some literature suggests non-genetic factors 
impacting DIOS predisposition such as dehydration, 
meconium ileus, and transplant surgery (70). Similar 
to SIBO, incidence of DIOS has also been found to be 
increased in patients with inadequate maintenance of 
pancreatic enzyme replacement therapy (PERT) (14). 
Under circumstances of increased intraluminal viscosity, 
fecal matter accumulated in the ileocecal region to cause 
obstruction with associated symptoms such as nausea, 
vomiting, and constipation or obstipation (71). Usual 
findings of DIOS on cross-sectional imaging include 
dilation of the small bowel with inspissated fecal content 
in the terminal ileum with a downstream decompressed 
colon and intestinal wall edema (72). Presence of DIOS 
within the adult CF population has been reported in up to 
one-fifth of patients (14). Consistent with the underlying 
mechanism that predisposes pwCF to small bowel disease, 
prior studies have found transit time to take up to twice as 
long compared to healthy controls (22,73). Furthermore, 
while GI transit is thought to hasten in the setting of 
steatorrhea, which is a common sequalae of inadequate 
small bowel fat absorption in pwCF, the effect on 
neuromuscular integrity and associated peristalsis remains 
unclear.

Figure 4 Antroduodenal manometry tracings. Organized (normal) migratory motor complex progression (A) versus disorganized (abnormal) 
migratory motor complex progression (B). Both tracings were captured during a fasting state.
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Diagnostic motility evaluation

Multiple diagnostic tools exist in the assessment of small 
bowel motility, including magnetic resonance imaging 
(MRI), WMC, and ADM. Alternatively, capsule endoscopy, 
which is typically employed for mucosal assessment of the 
small bowel, has the capability to quantify transit time; 
however, standard use in pwCF has not been reported. 
Additionally, an upper GI series with small bowel follow-
through has been used to obtain a qualitative assessment of 
transit, with the added benefit of evaluating for any evidence 
of obstruction. Moreover, while small bowel aspiration is a 
direct test for SIBO, diagnosis is typically made with non-
invasive hydrogen or methane breath testing (methane 
production has been shown to be increased in pwCF who 
have SIBO) (67,69,74,75). Similar to GE, however, breath 
testing within pwCF is controversial and may be of limited 
use given reliance on gas exchange and normal small bowel 
physiology (69). The process of evaluating the proximal 
small bowel using ADM is consistent with the indications 
and approach described above in relation gastric motility 
evaluation. Beyond ADM, WMC ingestion was previously 
employed to evaluate small bowel transit time (SBTT) 
(60,76,77). Utilizing the WMC, statistically significant 
differences in proximal small bowel pH and total SBTT 
were noted in pwCF compared to healthy controls (78). 
Interestingly, an extended time period was required to 
reach small bowel pH levels needed for PERT activation in  
pwCF (78). MRI has also emerged as a useful tool in 
evaluating small bowel function in pwCF, allowing insight 
into the integrity of intestinal mucosa and transit of 
intraluminal contents. Specifically, rapid succession (Cine) 
MRI scans to assess small bowel differences between 
pwCF and healthy controls in fasting and postprandial 
states has been reported (79). The study, which evaluated 
flow of chyme and “through-plane motion” within the 
small bowel, found that during fasting periods small bowel 
motility scores were over 50% lower in patients with CF 
suggesting slower transit compared to healthy controls (79). 
Additionally, a separate study from the Notthingham group 
found a statistically significant delay in oro-cecal transit 
time in pwCF (330 minutes) when compared to healthy 
controls (210 minutes) (80). Small bowel water content 
(SBWC) was also found to be increased on MRI in pwCF, 
suggesting decreased small bowel nutrient absorption as 
SBWC typically decreases postprandially secondary to 
water absorption driven by nutrient uptake (80,81).

Colon

Background

The large intestine is crucial for absorbing water and 
electrolytes, facilitating the production of and subsequent 
absorption of B and K vitamins, and moving stool towards 
expulsion from the rectum (82). Disruption of intraluminal 
content forward propulsion may be a significant driver 
of dysfunctional bowel habits such as constipation, and 
cause distressing symptoms, including bloating/flatulence 
and crampy abdominal pain. An estimated prevalence 
between 32–57% for constipation in pwCF has been 
reported throughout the literature (3,83-89). Although 
not completely understood, constipation in CF appears 
to be multifactorial with stool impaction greatly affected 
by secretion of thick mucous and predisposition of the 
CF intestine to dysmotility; however, the influence of 
pancreatic insufficiency and low total fat absorption 
is debated (8,89,90). Distinct from healthy patients, 
those with CF may pass daily bowel movements despite 
imaging with evidence of a large stool burden and/or fecal  
impaction (3,83-90).

Diagnostic motility evaluation

Several modalities exist in the evaluation of colonic transit, 
and include observation of intraluminal contents (i.e., 
radiopaque markers, radiolabeled isotopes, WMC) as they 
travel through the length of the colon; however, the validity 
of these tests in the CF population has not been well 
described. The main indication for testing is to determine 
whether ongoing constipation is secondary to generalized 
slow transit or if a particular segment of the large intestine 
isn’t functioning properly. Radiopaque (sitz) marker (ROM) 
studies have varying institutional protocols; however, 
involve ingestion of a specified marker quantity with interval 
abdominal X-rays to determine location (91,92). Based 
on location and interval time between X-rays, segmental 
and total colonic transit times can be extrapolated and 
have been standardized (90-94). In pediatric patients more 
than 3 years old, normal colonic transit times have been 
reported with no significant variation associated with sex or 
age (93,94). Furthermore, in young adult pwCF who were 
nutritionally optimized and receiving adequate pancreatic 
enzyme replacement therapy, comparison of total GI and 
segmental colonic transit times to healthy controls utilizing 
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ROMs demonstrated no significant difference (95). A 
recent case series of pediatric pwCF highlighted prolonged 
total and right colon transit time using ROMs in those 
with comorbid constipation; however, transit time values 
were overall shortened compared to available literature on 
patients with functional constipation (90,96). Interestingly, 
regardless of constipation diagnosis almost two-thirds of 
pwCF were found to have fecal impaction, which has been 
previously reported in the literature on pwCF (85,90). 
Despite fecal impaction, there was no difference in transit 
time when compared to the subgroup of pwCF without 
evidence of impaction on imaging, suggesting pathophysiology 
unique from functional constipation where impaction appears 
to influence colonic motility (90,91). Similar to ROMs, 
scintigraphy has been utilized in the analysis of colonic 
motility and provides comparable measurement of total transit; 
however, segmental transit may be more easily delineated 
with scintigraphy (91,92,97-99). Furthermore, colonic 
scintigraphy involves ingestion of a insoluble radioisotope 
with interval measurement of the geometric center 
(i.e., fraction of radioisotope in each anatomic region of 
interest) and requires an experienced institution for reliable 
interpretation (91,92,97-100). With the involvement of 
specialized centers, scintigraphy has the ability to discern 
regional colon transit abnormalities that ultimately alter the 
course of management in pediatric patients (91,97,100,101). 
As described in the text above, WMC also has the ability to 
capture colonic transit measurements through pH changes 
(decline entering the cecum), temperature (decline exiting 
the rectum) and pressure recordings (lost exiting the rectum) 
(40,60,61,97,102). Transit with WMC has been validated 
against ROMs for constipated patients and demonstrates 
87% agreement in detection of slow versus normal transit 
constipation (103). Although the above modalities are useful 
in determining colonic transit, evaluation of intrinsic colonic 
motor function is best achieved through colonic manometry 
(CM). Recent work has highlighted the paucity of literature 
utilizing CM in CF-related constipation (104). A full 
understanding of indications and protocol are described 
elsewhere; however, common reasons to perform CM 
includes refractory constipation despite optimal medical 
management, to evaluate Hirschsprung disease patients 
who remain symptomatic despite aganglionosis resection, 
and to evaluate function prior to surgical reconnection 
or creation of an anterograde enema option (40). 
Through CM, detection of high amplitude propagating 
contractions (HAPCs), as dictated by distance and pressure 
measurements, is sought as evidence of intact colonic 

neuromuscular function (Figure 5) (40,91,104). Forward 
propulsion of fecal matter is thought to occur secondary 
to HAPCs, which increase in frequency while awake 
and following meals but are diminished in slow transit 
constipation (40,91,97,105).

Anorectum

Background

Once fecal matter reaches the rectum, incoordination of the 
complex process of defecation (i.e., pelvic floor dyssynergia 
or outleft dysfunction) may further exacerbate constipation 
and contribute to undesirable complications such as rectal 
prolapse. In undiagnosed pwCF, early studies suggested that 
almost one-half had episodes of rectal prolapse preceding 
diagnosis; however, a recent longitudinal review estimated 
this value to be closer to 3% which is partly attributed to 
earlier detection from newborn screening and subsequent 
treatment optimization of CF comorbidities (106,107). 
Interestingly, there is some evidence suggesting significantly 
increased GI symptoms in those pwCF with history of 
rectal prolapse (3).

Diagnostic motility evaluation

As stool leaves the sigmoid colon, the intricate interaction 
between the rectum and anal canal allows defecation to 
occur. Dysfunction in the process may exacerbate GI 
symptoms, including constipation, and can be further 
evaluated with defecography and/or anorectal manometry 
(ARM). Balloon expulsion testing may also be performed 
separately or in conjunction with the above-mentioned 
testing to evaluate for dyssynergia, in which a 50mL water-
filled balloon is positioned in the rectum while the patient 
is sitting on a toilet and they are asked to subsequently pass 
the balloon in a set amount of time (108). Defecography, 
which may be performed with fluoroscopy or MRI while 
the patient is asked to expel instilled rectal contrast gel, 
provides real-time observation of the complex evacuation 
process including a functional assessment of pelvic floor 
muscle contractions (109-111). The most common 
indications for defecography include evaluation for outlet 
obstruction, which can be secondary to altered anatomy 
or pelvic floor dyssynergia, fecal incontinence, and rectal 
prolapse (109,111). Pelvic floor dyssynergia, also known 
as outlet dysfunction or dyssynergic defecation, is related 
to difficulty passing stools secondary to incoordination 
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of the pelvic floor musculature (109,112). Beyond 
defecography, dyssynergia can be identified through ARM 
(39,112,113). The detailed protocol and interpretation 
of findings is published elsewhere; however, the utility of 
ARM ranges from detection of the rectoanal inhibitory 
reflex and disorders of rectal sensation to disorders of anal 
tone/contractility and anorectal coordination (Figure 6) 
(39,112,113). Similar to other manometric procedures, 
a high resolution solid-state catheter system is utilized 
in ARM; however, unlike other modalities an inflatable 
balloon is fastened to the catheter tip to allow for rectoanal 
inhibitory reflex and sensation to be assessed during the 
procedure. There are currently no studies evaluating the 
utility of defecography or ARM in pwCF or findings in 

comparison to healthy controls.

Motility testing difficulties and limitations

Throughout all segments of the GI tract, diagnostic 
imaging and manometry options exist in the evaluation 
of dysmotility; however, most assessment tools require a 
specialized center for optimal performance and results. A 
majority of the adjunctive imaging modalities available (i.e., 
X-ray, gamma camera scintillation, fluoroscopy) expose the 
patient to varying degrees of radiation, which is of particular 
importance in pwCF where cumulative radiation exposure is 
elevated proportional to longevity (114). Radiation exposure 
in the pediatric CF population is not trivial either, especially 

A B

Figure 5 Colonic manometry tracings. High amplitude propagating contractions on conventional (A) versus high-resolution (B) colonic 
manometry tracings.

Figure 6 Anorectal manometry. A normal RAIR in response to increase in rectal pressure. RAIR, recto-anal inhibitory reflex.
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with the advancement in highly effective modulator 
therapies and their impact on long term outcomes and 
quality of life, and should be ordered with a targeted clinical 
question in mind. Beyond radiation, some patients may be 
unwilling or unable to participate in certain imaging tests 
based on ability to follow protocolized directions, anxiety 
surrounding the test, intolerance of the contrast carrying 
medium, or discomfort. Similar obstacles arise in the 
evaluation of neuromuscular integrity through manometry 
(Table 2), in which unsedated catheter placement may be 
poorly tolerated and ultimately require general anesthesia 
for proper positioning. Furthermore, anatomic variants 
or patient comorbidities may require the protocol to be 
individualized to ensure the best chance of manometric 
success. Nevertheless, catheter migration or dislodgement 
may occur and requires an experienced provider to 
recognize and appropriately make adjustments to enhance 
interpretation of findings. Anesthesia may influence 
manometric measurements, especially for antroduodenal 
and CM, and most centers defer evaluation to the following 
day to avoid uninterpretable results (30,39,115). While 
most esophageal and anorectal manometry studies can 
be performed on an outpatient basis, given the general 
anesthesia need for endoscopic catheter placement and 
potentially a preceding bowel cleanout, most patients can 
expect a 2–3-day inpatient stay if undergoing antroduodenal 
or CM. Moreover, even with an experienced provider, 
manometric interpretation may be challenging in the 
pediatric population given paucity of normative data and 
need for extrapolation from the robust adult literature. The 
clinical context should be considered when interpreting 
manometry results, as an atypical finding does not always 
correspond to the patient’s ongoing symptomatology. 
Similarly, these shortcomings exist in the CF population 
where minimal literature exists on normative data within 
the disease spectrum and in comparison to healthy controls 
with analogous GI comorbidities (Table 3).

The importance of standardized baseline 
protocol in motility testing

As evident throughout this review, the literature is scarce 
on defining a consistent path the clinician should follow 
when pursuing a diagnostic evaluation of GI motility in CF. 
A standardized protocol would ensure that each particular 
GI complaint within the CF population has the appropriate 
assessment in order to facilitate timely diagnoses and 
subsequent treatments. Further utility of such protocols 

would be in environments where a neurogastroenterologist 
is not readily available to allow the clinician to anticipate 
next steps in diagnostic workup before referring the patient 
elsewhere. Standardization is particularly important when 
one considers that dysmotility disorders heavily overlap 
in symptom characteristics with disorders of gut-brain 
interaction (DGBI). Noticeable examples include functional 
dyspepsia and GP, as well as slow transit constipation 
and irritable bowel syndrome. Beyond clinical practice, 
protocol standardization will provide the foundation 
on which research and field advancement in CF-related 
motility can be built. Certainly, baseline protocols will 
continue to be tailored to the individual patient to answer 
the clinical question in mind, but even these alterations 
offer meaningful insight into the utility of each modality 
within the CF population. Once diagnostic modalities for 
dysmotility in CF have been optimized, individualized 
treatment can be designed. Nevertheless, establishment of 
standardized guidelines will allow the clinician to efficiently 
address common GI complaints and preserve quality of life 
within the CF population.

Future direction

Despite advancement in our understanding of GI motility 
and the rise of high resolution manometry in diagnostic 
assessment, the applicability to CF remains largely 
unexplored. Although it is widely recognized that our focused 
efforts are required to address the rising number of GI 
comorbidities in CF, relevant literature on CF-specific norms 
and diagnostic utility for common GI complaints is lacking. 
Longitudinal cohort data, potentially included as part of 
the CF Foundation Patient Registry, would be invaluable 
in furthering our understanding of GI disease and motility 
disorders within CF. The GALAXY Study Group has begun 
to address the overlap in CF-related GI symptomatology; 
however, this could be further strengthened with the use of 
motility testing parameters that have attained CF-specific 
validation (116). Moreover, motility testing would ideally be 
studied in CF populations with and without GI complaints 
to understand whether evidence of abnormal motility exists 
in CF regardless of symptom presence. This understanding 
would likely influence the development of innovative, 
individualized diagnostic and therapeutic options for the 
CF population, and facilitate the creation of standardized 
protocols and objective diagnostic guidance to complement 
the current recommendations which are predominantly 
expert consensus driven. Furthermore, there would be an 



Translational Gastroenterology and Hepatology, 2024Page 12 of 19

© Translational Gastroenterology and Hepatology. All rights reserved. Transl Gastroenterol Hepatol 2024;9:10 | https://dx.doi.org/10.21037/tgh-23-59

Table 2 Manometry indications and limitations

Manometry Indications Limitations

High-resolution 
esophageal 
manometry

(I) Evaluation of EGJ obstructive pathology (i.e., 
achalasia, EGJOO)

(I) May require general anesthesia for placement if 
participant is unable to tolerate while awake

(II) To evaluate the association between symptoms 
and esophageal motor dysfunction

(II) Cooperation with study protocol may be difficult 
depending on age

(III) Pre-surgical evaluation in patients undergoing 
foregut surgery

(III) Crying/coughing/laughing during the procedure can 
make interpretation difficult due to artifacts

(IV) Evaluation of post-surgical esophageal outflow 
obstruction

(IV) Pediatric norms have not been established 

(V) Evaluation of rumination and retching when the 
clinical diagnosis is not clear

(V) Requires specialized providers for accurate interpretation

(VI) Equipment can be costly

Antroduodenal 
manometry

(I) Feeding intolerance (I) General anesthesia for catheter placement is typically 
required

(II) Persistent and chronic nausea, vomiting, and 
abdominal pain of unknown etiology

(II) Given that the manometry tracing may be influenced by 
anesthesia, inpatient admission is required to defer the 
study to the following day 

(III) Rumination and retching (III) Catheter dislodgement/migration may occur 

(IV) Gastroparesis (IV) Pediatric norms have not been established 

(V) Suspicion of pseudo-obstruction (V) Requires specialized providers for accurate interpretation

(VI) Equipment can be costly

Colonic 
manometry

(I) Refractory constipation despite optimal medical 
management

(I) Pre-procedural bowel cleanout is required

(II) Pre-surgical planning when considering antegrade 
enema placement, intestinal diversion, or bowel 
reconnection 

(II) General anesthesia for catheter placement is typically 
required

(III) Evaluation of post-surgical disordered defecation 
in patients with Hirschsprung disease or anorectal 
malformations

(III) Given that the manometry tracing may be influenced by 
anesthesia, inpatient admission is required to defer the 
study to the following day 

(IV) Pediatric norms have not been established

(V) Low repository of studies in healthy volunteers to develop 
valid norms in adults

(VI) Requires specialized providers for accurate interpretation

(VII) Equipment can be costly

Anorectal 
manometry

(I) Evaluation of the RAIR (I) May be uncomfortable for some patients, limiting 
willingness to participate

(II) Evaluation of post-surgical disordered defecation 
in patients with Hirschsprung disease or anorectal 
malformations

(II) Cooperation with the study protocol may be difficult for 
some patients

(III) Evaluation of dyssynergic defecation in 
constipated patients

(III) Crying/coughing/laughing during the procedure can 
make interpretation difficult

(IV) Evaluation of rectal sensation and anal tone 
in patients with constipation and/or fecal 
incontinence

(IV) Requires specialized providers for accurate interpretation

(V) Equipment can be costly 

Please note that manometric evaluation is not typically included in routine diagnostic testing for presenting symptomatology, and is usually 
utilized is cases of severe, refractory symptoms not amenable to conservative management. EGJ, esophagogastric junction; EGJOO, 
esophagogastric junction outflow obstruction; RAIR, recto-anal inhibitory reflex.
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Table 3 Review of GI motility literature in patients with cystic fibrosis

GI tract 
location

Author
Article 
year

Study 
type

Population Modality Variables Results

Esophagus Pauwels  
et al. (13)

2012 Case 
control

Adult HRM-MII Basal LES pressure, 
GEPG, TLESRs, total 
reflux, proximal extent 
of reflux

Lower basal LES pressure in 
pwCF; no difference in total 
TLESRs, but more frequent 
reflux in pwCF; higher proportion 
of reflux episodes with greater 
proximal reach in pwCF

Esophagus, 
stomach

Pauwels  
et al. (23)

2011 Case 
series

Adult pH/MII, 
Bilitec, GEBT 
(13C-octanoic acid)

Bile acid, DGER, GE One-third of pwCF had DGE; 
correlation noted between 
increased bile acid DGER and 
DGE

Esophagus, 
stomach

Hauser  
et al. (42)

2016 Case 
series

Pediatric pH/MII, GEBT 
(13C-acetate/
octanoic acid)

GER, GE A majority of pwCF with GERD 
symptoms had abnormal acid 
exposure and 1/4 had  
delayed GE

Stomach Kuo  
et al. (44)

2011 RCT Adult Scintigraphy GE, blood glucose 
level, GLP-1 and GIP 
secretion

pwCF had inadequate GLP-1/
GIP secretion and faster GE; GE 
normalized with PERT

Stomach Collins  
et al. (43)

1997 Case 
control

Pediatric Scintigraphy GE Faster solid-phase GE in pwCF

Stomach Schäppi  
et al. (63)

2004 Case 
control

Children EGG Gastric rhythm, 
tachygastria, dominant 
frequency instability 
coefficient, power ratio

pwCF with higher percentage 
of post-prandial tachygastria, 
which is suggestive of stomach 
hypomotility

Stomach Hallberg  
et al. (24)

2001 Case 
control

Adult ADM MMC phases, gastric 
IgA secretion

Normal MMC in pwCF, but 
decreased levels of gastric IgA 
secretion 

Stomach Hallberg  
et al. (25)

2001 Case 
control

Adult ADM MMC phases, gastric 
secretions, bilirubin 
reflux

Normal MMC and interdigestive 
acid/bicarbonate secretion 
in pwCF; lower total gastric 
secretion volume with increased 
bilirubin concentration in pwCF

Stomach Nazareth  
et al. (45)

2019 Case 
control

Adult US GE DGE regardless of meal type in 
pwCF

Stomach Bodet-Milin 
et al. (46)

2006 Case 
control

Pediatric 
and adult

Scintigraphy GE DGE in 2/3 pwCF scheduled 
for lung transplant; Higher solid 
retention at hours 2 and 3 after 
surgery

Stomach Bentur  
et al. (64)

2006 Case 
control

Pediatric 
and adult

EGG, scintigraphy Gastric rhythm, GE Dysrhythmia was found in a 
majority of pwCF with most 
EGG findings (normal versus 
abnormal) corresponding to 
scintigraphy results

Stomach, 
small bowel

Rovner  
et al. (73)

2013 Case 
control

Pediatric Scintigraphy GE, small bowel transit 
time

In pwCF there was normal DGE, 
but SBT was slowed

Table 3 (continued)
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opportunity to better define and validate GI motility-related 
outcomes in the CF population, and how these outcomes 
ultimately influence improvements in GI symptoms and 
quality of life. Moreover, while pwCF have an organ-
based/structural reason for chronic GI complaints (CFTR 
mutation), it remains unknown whether DGBI-specific 
interventions are applicable. It would be reasonable, using a 
standardized motility test protocol, to consider employing 
DGBI therapies (including neuromodulators, behavioral 
therapy, and complementary/alternative treatment) 
when motility results are normal or if symptoms appear 
disproportionate to motility findings. The application of 
DGBI diagnostic protocols, patient-reported outcome 
measures, and treatment in pwCF with refractory GI 
symptoms and normal/minimally abnormal motility testing 
should be further studied.

Conclusions

Several diagnostic imaging and manometry options exist 
in the evaluation of dysmotility; however, the literature 
is lacking in high-quality, prospective studies to validate 
such testing in CF despite the significant number of GI 
comorbidities that occur within this population. We 
envisage this literature review as a guide for the clinician 
in settings where a neurogastroenterologist is not readily 
available to initiate a diagnostic workup for pwCF 
presenting with GI complaints. Evaluation should be 
tailored to the patient’s symptoms, with risk-benefit profile 
in mind based on patient age and other comorbidities. 
Furthermore, this review may serve as a compliment to 
the recent publication by Henen et al. in order to further 
emphasize the discrepancy of research in CF-related 

Table 3 (continued)

GI tract 
location

Author
Article 
year

Study 
type

Population Modality Variables Results

Small bowel Gelfond  
et al. (78)

2013 Case 
control

Adult WMC Total GI transit time Diminished SBT in pwCF

Small bowel Dellschaft  
et al. (79)

2022 Case 
control

Pediatric 
and adult

Cine MRI Small bowel motility, 
chyme flow

pwCF had diminished fasting 
small bowel motility scores and 
less defined texture change 
between small bowel and colon 
contents

Small bowel Ng  
et al. (80)

2021 Case 
control

Pediatric 
and adult

Cine MRI Oro-cecal transit time, 
small bowel water 
content

Longer oro-cecal transit time 
and higher small bowel water 
content in pwCF

Stomach, 
small bowel, 
colon

Hedsund  
et al. (95)

2012 Case 
control

Adult ROM, MTS-1 Total GI transit time, 
segmental colonic 
transit time, GE, SBT

No difference in GE, GITT, right 
or left SCTT in pwCF; Delayed 
overall SBT with faster upper 
SBT in pwCF

Colon de Sillos  
et al. (90)

2021 Case 
series

Pediatric ROM Total colonic transit 
time, segmental right 
colon transit time, fecal 
impaction

Longer total and segmental 
colonic transit time was 
observed in constipated pwCF; 
There was no difference in transit 
time in those with or without 
fecal impaction

GI, gastrointestinal; HRM, high-resolution manometry; MII, multichannel intraluminal impedance; LES, lower esophageal sphincter; GEPG, 
Gastroesophageal pressure gradient; TLESR, transient lower esophageal sphincter relaxation; pwCF, patients with cystic fibrosis; GEBT, 
gastric emptying breath test; DGER, duodenogastroesophageal reflux; GE, gastric emptying; DGE, delayed gastric emptying; pH/MII, 
multichannel intraluminal pH impedance; GLP-1, glucagon-like peptide-1; GIP, gastric inhibitory polypeptide; PERT, pancreatic enzyme 
replacement therapy; EGG, electrogastrography; ADM, antroduodenal manometry; MMC, migratory motor complex; US, ultrasound; SBT, 
small bowel transit; WMC, wireless motility capsule; MRI, magnetic resonance imaging; ROM, radiopaque marker; MTS-1, magnet-based 
motility tracking system; GITT, gastrointestinal transit time; SCTT, segmental colonic transit time.
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intestinal motility, which has the potential to influence 
the development of new individualized diagnostic and 
therapeutic options in this population (104).
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