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Cystic fibrosis (CF) is associated with different gastrointestinal motility disturbances and syndromes. We aim to assess gastric
emptying in patients with CF compared to healthy controls by a systematic review of existing literature. Medical databases and
abstracts from major gastroenterology and CF meetings were reviewed. Emptying times in CF patients were compared with healthy
controls using random effects models. Subgroup analysis stratified results by age and diagnostic modality. Nineteen studies from
7 countries included 574 subjects (359 CF patients and 215 controls). Using pooled analysis frequency of gastroparesis was high
(38%, 95% CI 30-45%) but results were highly dependent on the diagnostic modality. Delayed gastric emptying is more common
in CF compared to general population. Scintigraphy identified rapid gastric emptying in a subgroup of CF patients, but this finding

disappeared with adequate pancreatic enzyme replacement and after other diagnostic modalities were included.

1. Introduction

Cystic fibrosis (CF) is associated with gastrointestinal dys-
motility such as gastroparesis (GP), gastroesophageal reflux,
meconium ileus, distal intestinal obstruction syndrome, and
chronic constipation [1]. It is well known that small bowel
and total transit time are prolonged in CF [1-4]. However,
the effects of cystic fibrosis on gastric emptying (GE) and the
incidence of GP in this population are variable. Studies report
either more rapid GE in CF patients compared to controls,
slower GE in CF patients, or no difference between both
groups.

The diagnosis of GP has serious implications in CF care
as it can worsen the chronic malnutrition associated with the
disease due to reduced oral caloric intake and reduce patients’
quality of life. GP may also interfere with oral medication
delivery and absorption as suggested by studies evaluating

pancreatic enzyme replacement therapy (PERT) used in
patients with CF and pancreatic insufficiency [5]. About 90%
of patients with CF have exocrine pancreatic insufficiency
and require regular PERT to improve the digestion of dietary
fat, protein, and other nutrients [6]. PERT improves but does
not necessarily normalize fat digestion [5, 7, 8]. Differences
in response to PERT may be related to gastric emptying rates,
as digestion of fat in patients with CF and pancreatic insuffi-
ciency is strongly affected by how rapidly fat enters the duo-
denum [9]. Additionally, macrolides (e.g., azithromycin) are
used as a chronic anti-inflammatory therapy in the patients
who suffer from Pseudomonas infection in their lungs. This
therapy has prokinetic effects that may improve GP or cause
GI distress due to rapid gastric emptying [10, 11].

This systematic review aims to determine whether patients
with CF have slower or faster GE compared to healthy con-
trols. The analysis did not intend to assess whether disorders



in gastric emptying were associated with upper gastrointesti-
nal symptoms since symptoms are poor predictors of motility,
regardless of the technique used [12].

2. Methods

2.1. Search Strategy. We performed a literature search in Sep-
tember 2014 using PUBMED, EMBASE, Web of Science, and
Scopus databases. Two authors (Juan E. Corral and Corey W.
Dye), conducted the initial screening independently, using
the following search terms: (gastroparesis (MeSH term),
gastric emptying (MeSH), or gastric scintigraphy (not MeSH
term)) and (cystic fibrosis (MeSH)). No language filters were
used. We also reviewed the available abstracts in summaries
from major gastroenterology meetings (DDW: Digestive
Disease Week, ACG: American College of Gastroenterology,
and EUG: United European Gastroenterology), and cystic
fibrosis conferences (NACFC: North American Cystic Fibro-
sis Conference and ECFS: European Cystic Fibrosis Society).
We then reviewed the reference lists from retrieved articles
to identify further relevant studies. Authors were contacted to
provide additional information when an e-mail was provided.
This systematic review was planned, conducted, and reported
in adherence to MOOSE Group recommendations [13].

2.2. Eligibility Criteria. Studies were considered in this sys-
tematic review if they met the following inclusion criteria:
they were performed in human subjects, included an abstract
with a methods section, and provided at least one measure-
ment of gastric emptying using either Tc-Scintigraphy, a wire-
less capsule, or C-Octanoic breath test. Single case reports
and review articles were excluded from our sample but all
other available studies (case-series, case controls, cohorts,
and clinical trials) were considered for initial analysis. A
second selection was done within that group to only include
studies that compared CF patients with healthy controls.
When multiple publications were reported from the same
population, the report with the largest sample was selected.
Studies that used nonconventional techniques (e.g., ultra-
sound and fluoroscopy) or that assessed total intestinal time,
small bowel, or colon motility but did not have separate mea-
surements of the stomach motility parameters were excluded
from analysis. Studies that measured gastric contractions
(e.g., electrogastrography) as an indirect measure of gastric
emptying were also excluded. Inclusion was not otherwise
restricted by language, study size, or setting.

2.3. Data Extraction. The following data were extracted from
each study: first author’s last name, publication year, country
where the study was performed, study period, sample size
(number of patients with CF and controls), participant’s
sex and age, diagnostic modality (e.g., scintigraphy and C-
Octanoic scan), type of test meal used to deliver marker (solid
meal or liquid), available gastric emptying measurements,
and number of cases with diabetes mellitus (DM) and
with pancreatic insufficiency. We recorded the following GE
measurements: total gastric emptying time, gastric emptying
half time (T ,,), and percentage of retention at 1, 2, 3, or 4
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hours (RR1, RR2, RR3, and RR4). The number of participants
with GP according to original manuscript criteria was also
documented.

2.4. Statistical Analysis. All studies where the percentage of
patients with CF and GP could be estimated were included in
the initial review. The percentage of patients with GP and cor-
responding 95% confidence intervals (95% Cls) were calcu-
lated using the Poisson distribution. Forest plot graphs were
elaborated using a random effects model selected a priori.

Primary analysis pooled all studies that included a control
comparison group in a similar fashion. Two studies reported
gastric emptying means in case and control groups without
their respective dispersion measurements (standard devia-
tion). For those cases, we used standard deviations described
in other measurements. For example, when mean and stan-
dard deviation was provided for RR1 but not for RR2, we used
the standard deviation reported for RRI. Studies that did not
report point estimates (mean or median) were not included
in the systematic review [21, 22].

For case control studies, methodological quality was
assessed by two authors (Juan E. Corral and Baharak Mosh-
iree) using the 9-star Newcastle-Ottawa Scale [30]. Percent-
age of agreement and bias index were estimated to measure
interobserver agreement.

Subgroup analysis was conducted to evaluate for two
effect modifying variables: diagnostic modality and age
(mean age less or more than 18 years). Statistical heterogene-
ity between studies was evaluated by calculating I* statistics.
Publication bias was evaluated by visual inspection of funnel
plots and Eggers bias test. All statistical analyses were
performed with Stata version SE 11.2 (Stata-Corp, College
Station, TX, USA).

3. Results

3.1. Literature Search. The detailed steps of our literature
search are shown in Figure 1. We identified 43 potentially
relevant articles concerning gastric emptying in CFE. Fifteen
articles were excluded because of duplicate reports from the
same study population. Two more studies were excluded
because they used electrogastrography reporting contractile
activity rather than gastric emptying. Nineteen studies were
included in the final review, 9 case control studies, and 10
more without a control group.

3.2. Study Characteristics. Nineteen studies were published
between 1995 and 2013 and included a total of 574 subjects
from 9 different countries (359 patients with CF and 215
controls). See Table 1. Mean age of participants ranged from
a few months to 28 years.

Eleven studies used Technetium scintigraphy [4, 20-29],
6 used C-Octanoic breath test [5, 9,16-19], and 2 used wireless
motility capsule [14, 15]. The test meal used to deliver marker
varied between studies. Two studies used liquids, 14 studies
used solid food, and two studies used both.
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313 articles identified in database search 21 abstract sidentified in meetings’ summaries
62 from MEDLINE 8 from DDW
75 from EMBASE 0 from ACG meeting
102 from Web of Science 0 from EUG week
74 from Scopus 9 from NACFC

4 from ECFS conference

296 excluded based on screening of

titles or abstracts using general criteria

38 potentially relevant studies identified for further review

5 articles identified from reference lists

43 studies reviewed in full

17 excluded after full-text review

(15 reports from the same study populations,
2 measured gastric contractions)

19 studies included:

analysis

prevalence

9 case control studies included in principal

10 case series added to calculate gastroparesis

7 more for inappropriate diagnostic modalities
(4 abdominal US, 3 experimental modalities)

FIGURE 1: Selection of studies for inclusion in systematic review. DDW: Digestive Disease Week, ACG: American College of Gastroenterology,
EUG: United European Gastroenterology, NACFC: North American Cystic Fibrosis Conference, and ECFS: European Cystic Fibrosis Society.

3.3. Frequency of Gastroparesis in Cystic Fibrosis. From all
available studies (n = 19), we were able to estimate the
percentage of patients with GP in 11 studies (4 studies with
a control group and 7 studies without control group). Pooled
analysis estimated that 37.9% (95% CI 30.4-45.4%) have GP
(Figure 2). Results were highly dependent on the diagnostic
modality used. Scintigraphy revealed higher frequency of GP
in CF than C-Octanoic test.

Frequency of GP increased with age, 26.6% (95% CI
13.2-39.9%) in studies with patients younger than 18 years
compared to 36.3% (20.9-51.7%) seen in older patients (>18
years), although this difference was not statistically signifi-
cant.

3.4. Cystic Fibrosis Patients Compared to Healthy Controls.
Overall, 2 studies reported slower GE, 3 reported faster GE,
and 4 reported no difference in patients with CF compared to
healthy controls. See Table 2. 359 CF patients and 215 controls
were included in primary analysis. In the CF group, 51.8%
patients were male, 3.1% had DM, and 100.0% had doc-
umented exocrine pancreatic insufficiency. In the control
group, 55.8% were male, 0% had DM and 4.38% pancreatic
insufficiency.

Four Tc-Scintigraphy studies reported RR1 and RR2, 2
wireless motility capsule studies reported RR3, and 3 studies
reported T}/, using different techniques. No studies reported
RR4 which is now the standardized protocol recommended
by the National Nuclear Medicine Society and the Neurogas-
troenterology and Motility Society [31].

Pooled comparison of the 4 scintigraphy studies [4, 21,
22, 28] reporting retention rates (RR) in 1 or 2 hours favored
faster gastric emptying in CF (RR1 SMD -1.62 (95% CI —2.16
-1.09) and RR2 SMD —0.96 (95% CI —1.44 —0.47)). No pooled
analysis could be performed for wireless motility studies or
C-Octanoic tests, due to missing information.

Within the scintigraphy group, 3 studies showed faster gas-
tric emptying and 2 slower gastric emptying in CF patients.
See Table 2. One study reported no difference between groups
and the remaining studies did not have any comparison
group. Of note, Kuo et al. proved that gastric emptying is
faster in CF but adequate PERT slowed gastric emptying
substantially to a rate comparable to healthy subjects.

Patients with CF in the studies that revealed rapid gastric
emptying were younger than patients in other studies using
scintigraphy. Sample size was also smaller (16, 36, 11 versus
88, 101) in those studies. See Table 1.
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Author ES (95% CI) % weight

C-Octanoic breath test i
Pauwels et al. ¢ E 0.33 (0.14, 0.53) 14.64
Symonds et al. E . 0.40 (0.01, 0.79) 3.70
Neumann et al. . i 0.25 (0.03, 0.47) 11.83
Hauser et al. ¢ i 0.11 (-0.17, 0.38) 7.39
De Boeck et al. ol 0.36 (0.01, 0.72) 447
Hedsund et al. ol 0.36 (0.11, 0.69) 8.95
Subtotal (I2 =0.0%, p = 0.729) <>é> 0.29 (0.19, 0.40) 50.99

|

Tc Scintigraphy i
Couturier et al. i 0.48 (0.28, 0.67) 14.82
Mendez et al. : 0 0.40 (0.01, 0.79) 3.70
Tonelli et al. E ¢ 0.60 (—0.08, 1.28) 1.23
King et al. 5 . 0.41 (0.14, 0.68) 7.95
Davidson et al. E 0.49 (0.32, 0.65) 21.31
Subtotal (I> = 0.0%, p = 0.973) :<> 0.47 (0.36, 0.58) 49.01

|

Heterogeneity between groups: p = 0.024 i
Overall (I* = 0.0%, p = 0.587) <> 0.38 (0.30, 0.45) 100.00

[ [ [
-01 0 0.2 0.4

FIGURE 2: Forest plot graph for frequency of gastroparesis in cystic fibrosis, divided by measuring technique.

3.5. Risk of Bias Assessment. All studies had small samples
(range 10-101), and most had methodological or reporting
limitations. Mean Newcastle-Ottawa score was 4.5 (range 1-
9). Interobserver agreement between the two reviewers was
35.7% and bias index was 0.36. Heterogeneity was significant
(I range 89-94%). A funnel plot was elaborated for studies
included in primary analysis and Egger’s bias coeflicient was
3.58 (95% CI 2.01-5.16).

4. Discussion

This systematic review shows that patients with CF have a
high frequency of GP, up to 38% (95% CI 30-45%) according
to our estimates. The prevalence of GP in general population
is probably low (age-adjusted incidence estimated to be 2.4
per 100,000 person-years for men and 9.8 per 100,000 person-
years for women) [32-34]. Our estimate in CF is elevated
but still less than the prevalence seen in high-risk groups like
diabetics with upper gastrointestinal symptoms, of which 50—
65% are diagnosed with GP [35-37]. We also found a higher
prevalence of GP in CF studies with patient populations older
than 18 years.

Gastroparesis is a diverse syndrome that varies by gender,
body mass, symptoms, and severity of gastric emptying

delay [38]. The mechanisms through which patients with
CF develop GP are likely multifactorial and coexist with a
subgroup of patients with rapid gastric emptying.

CF is associated with dysmotility disorders including gas-
troesophageal reflux, distal intestinal obstruction syndrome,
and chronic constipation. Studies using knock-out mice show
that the decreased intestinal motility is not caused directly by
loss of CFTR but rather that it is a consequence of sequential
events associated with small intestinal bacterial overgrowth,
luminal viscosity, and inflammation [39, 40]. It is unlikely
that the above mechanisms cause GP as these derange-
ments develop downstream in the gastrointestinal tract.
However, we hypothesize that multiple neurologic reflexes
and neurohumoral pathways induce GP in CF like in other
patients with chronic constipation. These reflexes include
an abnormal persistence of normal feedback mechanisms
from the small bowel (prolonged ileal inhibition of gastric
emptying), colonic stasis affecting gastric emptying via neural
reflexes, and an abnormal circulating gastrointestinal hor-
mone response to standard oral stimulus [41].

In addition to constipation, malnutrition and a lower BMI
have been found to predict delayed gastric emptying in the
general population and in patients with CF [25]. The exact
mechanism is not clear but critical illness generally induces
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a high inflammatory state that has been associated with
severe GP [42]. Chronic use of opiates and anticholinergics,
frequently used in CE can also decrease gastric emptying
and intestinal transit time. Finally, DM is the main cause of
secondary GP in adults. Diabetes did not seem to be relevant
in this systematic review as it was documented in only 3% of
our sample. It is important to consider that only one study
reported glucose intolerance or postprandial hyperglycemia.
These two disorders can significantly alter GES and would
have been missed by strict DM criteria [43].

Despite the high prevalence of GP, no significant differ-
ence was found when comparing RR1 and RR2 between CF
patients and controls. We attribute this to the broad spectrum
of study populations and the different test meals used to diag-
nose GP. Up to now, scintigraphy is recognized as the gold
standard method for studying GE [44]. Three scintigraphy
reports described GE to be faster in CF than in controls.
Patients enrolled in these studies were younger than patients
in the other scintigraphy studies (mean age 12.6-25.8 versus
16.7-28). Risk of bias in both groups of studies was similar
(5.5, 7,5 versus 4, 4.5) but the first group had smaller samples
(63 versus 189). Of note, Kuo et al. showed that, without PERT,
patients with CF have faster gastric emptying after a high-
fat/high-carbohydrate meal, compared with healthy subjects.
The authors hypothesized that reduced fat digestion causes
diminished small intestinal feedback [28].

Scintigraphy results are highly dependent on the tech-
nique used (i.e., type of meal and caloric contents, follow-
up time, and degree of hyper or hypoglycemia). To address
this issue, the American Neurogastroenterology and Motility
Society and the Society of Nuclear Medicine recommended
standardized testing in 2008 [31]. Of all scintigraphy studies,
only 5 conducted after the consensus recommendations were
published and none of them were compliant with the rec-
ommendations. Our work emphasizes the need to adopt this
standardized protocol to increase reliability and credibility of
future research [31].

Results from studies using techniques other than scintig-
raphy should be interpreted with caution. C-Octanoic breath
tests require a normal small bowel absorption and pulmonary
function. While intestinal absorption can be almost normal
with PERT, pulmonary deterioration is the hallmark of CF. Of
all the new techniques, capsule devices have shown promis-
ing results. A study reported that wireless motility capsule
(Smartpill©) had a 38% discordance with conventional testing
and provided new dysmotility diagnoses in 53% of patients
[12]. Both studies using capsule methodologies revealed no
difference between CF patients and controls.

Regarding the methods to deliver markers, the classifica-
tion of solid or liquid is oversimplistic. When a mixed (liquid
plus solid) meal is used, GE rate correlates with liquid empty-
ing better than solid emptying [45]. Differential emptying of
solids and liquids occur and alterations in the former do not
predict alterations in the latter [46]. Only one study using a
solid and liquid test meal reported similar GE rates for both
solids and liquids [47]. Again, we advocate for standardized
testing whether by scintigraphy or wireless motility testing
[31].

Scientifica

In this systematic review the risk for selection bias is sig-
nificant and particularly for the primary analysis. Given the
scarcity of complete readings on GE, only 9 out of the 19 stud-
ies were considered acceptable quality and included controls.
One study included only patients postlung transplant leading
to possible overestimation of GP incidence [48]. Transplant
recipients are at increased risk of GI disturbances related to
vagal nerve damage after surgery. These patients are known
to have GP and are at high risk of developing gastric bezoars
[49].

We found significant heterogeneity in GE for the reasons
mentioned above and also for the time intervals used. Reten-
tion rates at 4 hours are significantly more accurate than 1
or 2 hours readings and studies that provided 4-hour mea-
surements after contrast ingestion were limited [50]. Half
emptying times (T;,,) have even less sensitivity compared
to RR1 and RR2. In addition to technical limitations on
measurements, the majority of studies had low scores in study
design and reporting according to the Newcastle-Ottawa
score. Publication bias is possible with the funnel plot sug-
gesting paucity of small studies (large standard error) show-
ing a low incidence of GP.

Although subgroup analysis was performed, only two
variables could be included in our model (age and diagnostic
modality). Our sample size was too small to allow for metare-
gression and evaluate for other effect modifying variables.
Furthermore, we could not assess the effect of medications
on gastric emptying. Future studies that explore the effects
of other medications other than PERT (in particular opioids,
macrolides, and laxatives like polyethylenglycol) and glucose
intolerance in addition to DM are suggested.

This study has significant strengths. This is the first
systematic review to assess gastric emptying in CE. We have
shown a higher frequency of GP in CF and described the gen-
eral characteristics of CF patients with rapid gastric emptying
as essentially younger patients, with pancreatic insufficiency
and PERT held while being tested. We advocate use of
standardized testing in this population to evaluate gastric
emptying. Delayed emptying is likely a multifactorial process,
driven by abnormal neurologic reflexes and neurohumoral
pathways, and diabetes is unlikely to play a significant role.
There is significant heterogeneity with paucity of high quality
studies and possibly interrater disagreement even though bias
index was mild-moderate [51].

5. Conclusion

Patients with CF have a high frequency of GP. No significant
difference was found when comparing patient with CF to
healthy controls by using RR1 or RR2, likely secondary to
differences in study design, sample selection, and diagnostic
technique used. There is a clearly identified group of patients
with CF that have rapid gastric emptying seen with scintigra-
phy, in small studies enrolling young patients with pancreatic
insufficiency not taking PERT before testing.
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