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16Endocrinopathies in Nonalcoholic Fatty 
Liver Disease

Ana Maria Singeap and Laura Huiban

16.1  Introduction

Nonalcoholic fatty liver disease (NAFLD) represents one of the main causes of 

chronic liver disease, which includes a wide spectrum from simple steatosis to 

advanced fibrosis, cirrhosis, and, eventually, even hepatocellular carcinoma. 

Evidence so far sustains a clear relationship between various endocrine dysfunc-

tions and nonalcoholic fatty liver disease (Fig.  16.1). Endocrinopathies may be 

involved in the development and progression of NAFLD. Awareness, early diagno-

sis, appropriate surveillance, and treatment are mandatory for optimal patients’ 

approach.
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Inhibition of Progressing Primary Esophageal Peristalsis by
Pharyngeal Water Stimulation in Humans

ANCA TRIFAN,* JUNLONG REN,‡ RONALD ARNDORFER,‡ CANDY HOFMANN,‡ EYTAN BARDAN,‡

and REZA SHAKER‡

‡Medical College of Wisconsin Dysphagia Institute, Departments of Medicine, Radiology, and Otolaryngology & Human Communication,
Medical College of Wisconsin, and VA Medical Center, Milwaukee, Wisconsin; and *University of Medicine, Iasi, Romania

Background & Aims: Sensory impulses initiated from Materials and Methods
the pharynx exert differing effects on the deglutitive

We studied 16 healthy young volunteers (5 female andapparatus. They have an inhibitory effect on the lower
11 male; age, 32 { 2 years; age range, 19–44 years). Theesophageal sphincter but an excitatory effect on the
studies were performed with the subjects in the supine posi-upper esophageal sphincter. The aim of this study was
tion. The study protocols were approved by the Human Re-to systematically investigate the effect of pharyngeal
search Review Committee of The Medical College of Wiscon-sensory impulses evoked by water stimulation on the
sin, and the subjects gave informed written consent beforeprogressing esophageal peristalsis. Methods: Sixteen
their studies.healthy young volunteers were studied in the supine

The UES, esophageal body, LES, and gastric pressure phe-position. The presence of normal peristalsis was veri-
nomena were recorded concurrently using two sleeve assem-fied. Esophageal peristalsis was recorded 3, 6, 9, 12,
blies, which were passed through each nostril and positioned15, and 18 cm above the lower esophageal sphincter.
so that the LES sleeve device (6 1 0.5 1 0.4 cm; Dentsleeve,Pharyngeal stimulation was performed by injecting a
Adelaide, Australia) straddled the LES and the UES sleevepredetermined threshold volume into the pharynx 2 cm
device (6 1 0.5 1 0.3 cm; Dentsleeve) straddled the UES.above the upper esophageal sphincter, directed poste-
With this arrangement, the esophageal body pressure phenom-riorly. The injections were timed to coincide with the
ena were recorded at the top of the LES sleeve 3, 6, 9, 12, 15,arrival of the peristaltic wave induced by dry swallows
and 18 cm proximal to the LES. The upper sleeve assemblyat respective recording sites. Results: Injection of the
also incorporated an injection port located 2 cm proximal tothreshold volume (0.5 { 0.1 mL) stopped the progres-
the sleeve device. This manometric assembly was positionedsion of peristalsis at both the striated and smooth mus-
so that the injection port faced posteriorly. The subjects werecle esophagus. Topical pharyngeal anesthesia blocked
monitored for 10 minutes after the positioning of the twothis inhibitory effect (P õ 0.01). Conclusions: Sensory
manometric assemblies.impulses initiated from the pharynx evoked by water

Subsequently, the presence of normal peristalsis was con-injection inhibit the progression of primary esophageal
firmed for each subject by monitoring 10 dry swallows beforeperistalsis. Although the clinical significance of these
pharyngeal stimulation; only subjects with normally pro-findings is not determined, they may explain the mecha-
gressing esophageal peristalsis during dry swallows were stud-nism of some of the failed esophageal peristalsis.
ied.

To study the effect of pharyngeal water stimulation on the
progression of esophageal primary peristalsis, subjects were

S asked to swallow on command, and their pharynx was stimu-ensory impulses initiated from the pharynx exert dif-
fering effects on the deglutitive apparatus. They have lated by injections of minute amounts of water. Water injec-

tions were timed to coincide with complete UES relaxation oran inhibitory effect on the lower esophageal sphincter
arrival of the peristaltic pressure wave at each recording site.(LES), resulting in its complete or, less commonly, partial

Pharyngeal water stimulation was initiated by a rapid pulserelaxation.1 On the upper esophageal sphincter (UES),
injection of 0.1 mL of water directed toward the posteriorthey exert an excitatory effect, resulting in an increase
pharyngeal wall. The volume of injected water was increasedin its resting tone.1–3 However, the effect of these sensory
by 0.1-mL increments until either the progression of the peri-impulses on the esophageal body motor function is not
staltic wave was halted or an irrepressible swallow occurred.known. A preliminary study in our laboratory suggested

an inhibitory effect on esophageal peristalsis. The aim of
Abbreviations used in this paper: UES, upper esophageal sphinc-the present study was to systematically investigate the

ter.
effect of pharyngeal sensory impulses evoked by water � 1996 by the American Gastroenterological Association
stimulation on the progressing esophageal peristalsis. 0016-5085/96/$3.00

/ m4787$0021 01-10-96 10:49:02 gasa WBS-Gastro
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Table 1. Effect of Pharyngeal Water Stimulation on the Amplitude of the Peristaltic Pressure Wave

Sites of pressure wave above LES coincident with pharyngeal water injection

18 cm 15 cm 12 cm 9 cm 6 cm

Amplitude (mm Hg)
Before injection 79 { 4 63 { 4 72 { 6 72 { 6 72 { 6
After injection 56 { 6a 50 { 5a 47 { 7a 59 { 8a 36 { 6a

Percent decrease 29 { 6 18 { 8 33 { 10 13 { 5 49 { 9

NOTE. Pharyngeal water injection significantly reduced the amplitude of the developing pressure wave in both the striated and smooth muscle
portions of the esophagus.
aP õ 0.05.

Each volume was repeated three times for each recording site, jects, in whom the mere injection of 0.1 mL of water
and the subjects withheld swallowing after water injection for resulted in a pharyngeal swallow. Therefore, the inhibi-
as long as they could. Occurrence of the swallow was judged tory effect of pharyngeal water stimulation on the pro-
by typical deglutitive UES and LES relaxation, by subject’s gression of primary peristalsis could not be evaluated in
signal using a handheld marker, and by observer’s marks on these 2 subjects. The level of peristaltic inhibition was
the polygraph paper. Each swallow tested by pharyngeal stimu- dependent on the extent to which peristalsis had pro-
lation was performed 25–30 seconds after a control swallow

gressed before the development of pharyngeal water in-and was followed 25–30 seconds later by a second control
jection; specifically, water injected before the develop-swallow. Subsequently, the pharyngeal mucosa of each subject
ment of complete UES relaxation did not inducewas anesthetized by the application of 4% topical lidocaine
inhibition. Likewise, when the peristaltic wave reachedspray (Roxan Laboratories Inc., Columbus, OH), and the test
the most distal site, it did not inhibit the developmentwas repeated 5 and 20 minutes afterward. Inhibition of pro-

gressing peristalsis after each pharyngeal water injection was of the pressure wave even if the water was injected coinci-
accepted when the pressure wave was completely eliminated dently with the onset of the pressure-wave upstroke.
after the injection. Frequency of inhibition after each water However, it frequently resulted in the reduction of the
injection was determined as a percentage of the trials for each amplitude of the pressure wave at this site compared
site. with dry swallows before and after water injection. As a

To correlate the effect of pharyngeal water stimulation on rule, at all recording levels, the pressure wave coincident
progressing esophageal peristalsis with its effect on respiration, with the water injection was not inhibited, but the peri-
the above protocol was repeated in 5 additional subjects while

staltic wave inhibition occurred at the next recordingthe respiration was monitored by a pneumobelt wrapped
site.around the subject’s chest.4 The output signal induced by the

The uninhibited pressure wave had a significantlyrespiratory chest wall movement was recorded on the same
lower amplitude than its counterparts induced by swal-polygraph paper used for recording esophageal peristalsis.
lows before and after pharyngeal water injection (P õWe measured the threshold volume for inhibition of peri-

stalsis in each subject and determined the presence or absence 0.05). The attenuating effect was observed in both the
of development of a new peristaltic pressure wave after each striated and the smooth muscle portion of the esophagus.
inhibited peristalsis. We also determined the effect of pharyn- Although there was a trend for a larger reduction in the
geal water injection on the amplitude of the pressure wave at amplitude of the pressure wave in the distal esophagus
whose onset the water was injected into the pharynx. In sub- compared with the proximal esophagus, the difference
jects in whom respiration was monitored, duration of degluti- did not reach statistical significance (P Å 0.06) (Table
tive apnea, the presence or absence of apnea induced by water 1).
injection, and the respiratory rate for the 10-second period

Figure 1 shows the inhibition of progressing primaryimmediately after pharyngeal water injection were determined
peristalsis at various segments of the esophagus that wereand compared with the period before water injection. Statisti-
induced by pharyngeal water injection. This inhibitioncal analysis was performed using analysis of variance with re-
occurred in both the proximal striated muscle portionpeated measures and x2 tests, when appropriate. Data are pre-
and the distal smooth muscle portion of the esophagus.sented as mean { SE unless otherwise stated.
This inhibitory effect was significantly reduced by the

Results application of topical pharyngeal anesthesia (Figure 2).
However, the effect of topical anesthesia was reversibleAt a threshold volume of 0.5 { 0.1 mL, progres-

sion of primary esophageal peristalsis induced by dry (Figure 3).
Analysis of concurrent recordings of esophageal peri-swallows was inhibited in all volunteers except in 2 sub-
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stalsis and respiration showed that inhibition of esopha-
geal peristalsis by pharyngeal water injection was associ-
ated with a small but significant decrease in the
respiratory rate (18 { 0.1 vs. 15 { 0.2/min; P õ 0.05)
at all levels. This decrease in respiratory rate lasted for
an average of 11 { 3 seconds and was frequently reset
to the preinjection rate after a swallow. Comparison of
the respiratory rate in the periods before and after swal-
lows that were not challenged by pharyngeal water stim-
ulation did not show any significant difference. The dura-
tion of deglutitive apnea for swallows that were followed
by pharyngeal water injection was similar to that of spon-
taneous swallows. There was no detectable apnea besides
the deglutitive apnea identified after pharyngeal water
stimulation.

In 5 subjects, we also determined the threshold volume
for inducing isolated LES relaxation. The threshold vol-
umes for induction of LES relaxation and inhibition of
progressing primary esophageal peristalsis were similar.

Discussion

In this study, we determined the effect of pharyn-
geal sensory impulses induced by water stimulation on
the progressing esophageal peristalsis. Our study findings
show that abrupt injection of minute amounts of water
toward the posterior pharyngeal wall results in the inhi-
bition of a swallow-induced progressing peristaltic wave

Figure 1. Examples of inhibition of progressing primary esophageal
peristalsis in the (A and B) proximal striated and (C) distal smooth
muscle esophagus by pharyngeal water stimulation. (A) Rapid injec-
tion of 0.7 mL room-temperature water into the pharynx immediately
after UES relaxation and arrival of peristaltic wave at the site 18 cm
above LES inhibited the progression of peristalsis to the sites below.
(B) Similar injection when the peristaltic wave had reached the site
15 cm above the LES inhibited its progression to the more distal
sites. (C) Rapid pulse injection of 0.7 mL room-temperature water Figure 2. Effect of topical pharyngeal anesthesia on the inhibition
into the pharynx when the peristaltic wave was 9 cm above the LES of progressing primary esophageal peristalsis by pharyngeal water
resulted in its inhibition in the smooth muscle portion in the distal 6 stimulation. Pharyngeal water stimulation at a threshold volume inhib-
cm of the esophagus. Note that these inhibitions were not followed ited the progression of the peristalsis in both the striated and smooth
by another peristaltic pressure wave. Each inhibition trial is preceded muscle portions of the esophagus. Topical pharyngeal anesthesia
and followed by a normal peristaltic pressure wave induced by a dry significantly reduced this inhibitory effect (P õ 0.01). �, Before anes-
swallow. SW, swallow. thesia; , after anesthesia.
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Figure 3. An example of the effect of pharyngeal topical anesthesia on the inhibition of progressing esophageal peristalsis by pharyngeal water
stimulation. (A) Inhibition of progressing esophageal peristalsis by pharyngeal water stimulation before application of topical pharyngeal
anesthesia. (B) Five minutes after topical anesthesia, injection of the same volume of water into the pharynx did not result in inhibition of
progressing esophageal peristalsis. (C) Twenty minutes after topical pharyngeal anesthesia, the inhibitory effect of pharyngeal water injection
has returned. SW, swallow.

in both the striated and smooth muscle portions of the smooth muscle portions of the esophagus, as shown by
Vanek and Diamant.10 However, the peristaltic waveesophagus.

Previous studies have shown that minute amounts of generated by the second swallow progresses uninter-
rupted, although it may be attenuated. The latter studywater injected into the pharynx induce isolated LES re-

laxation in humans.1 Findings of the present study sup- confirms the presence of a central inhibition that precedes
the stimulation of the deglutitive esophageal peristalsis.port the notion that pharyngeal water stimulation results

in a generalized inhibition of the contractile activity of The inhibitory effect of pharyngeal stimulation on prog-
ressing esophageal peristalsis described in the currentthe esophageal body and the LES. Mechanisms of this

inhibitory effect are not currently known. However, it study is different from that of the above mentioned stud-
ies by not inducing a second peristaltic wave after themay be postulated that it is mediated centrally through

the brain stem swallowing center. inhibition of the original peristalsis. Whether this find-
ing is another manifestation of deglutitive inhibition,Our study findings concur with previous reports that

the inhibitory effect of the swallowing centers on the or simply shows the isolated stimulation of inhibitory
function of the brainstem swallowing center through andeglutitive apparatus could be uncoupled from its excit-

atory effect by pharyngeal water stimulation.1 This tech- unrelated pathway, or yet suggests the presence of a dif-
ferent inhibitory pathway is not clear at this time.nique may be useful in further delineating the complex

mechanism of deglutitive peristalsis. Considering the fact that pharyngeal stimulation in-
duces a centrally mediated contraction of the cricopha-Various factors are known to affect esophageal peristal-

sis. Sensory feedback, such as that originating from the ryngeus striated muscle1–3 while inhibiting the proximal
esophageal striated muscle layer, these findings suggestpresence of a bolus, is known to increase the amplitude

of the peristaltic pressure wave5,6 and reduce the rate of that pharyngeal water stimulation seems to have a dual
effect on the brain stem neurons: an inhibitory effect onfailed peristalsis.5,6 A swallow occurring in close temporal

proximity to a previous swallow tends to either inhibit one group of neurons and an excitatory effect on the
other group. The findings also suggest the possibilityor attenuate the preceding peristaltic pressure wave.7–9

This inhibitory effect may occur in both the striated and that the excitatory effect of the pharyngeal stimulation
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respiration: effect of aging, tachypnea, bolus volume, and chronicon the cricopharyngeus muscle may not be mediated
obstructive pulmonary disease. Am J Physiol 1992;263:G750–through the deglutitive pathways. G755.

Previous studies have shown the existence of a close 5. Dodds WJ, Hogan WJ, Reid DP, Stewart ET, Arndorfer RC. A com-
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6. Hollis JB, Castell DO. Effect of dry swallows and wet swallows
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9. Hellman J, Vantrappen G, Janssens J. Electromyography of the
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tion in the respiratory rate is another example of the close mans J, eds. Diseases of esophagus. New York: Springer–Ver-
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10. Vanek AW, Diamant NE. Responses of the human esophagus tofunctions.
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Inhibition of Resting Lower Esophageal Sphincter Pressure by 
Pharyngeal Water Stimulation in Humans 
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Background/Aims: Normal inhibition of lower esopha- 
geal sphincter (LES) tone occurs during swallowing and 
belching. However, it is known that it may occur inde- 
pendently of these functions. The aim of this study was 
to characterize the effect of pharyngeal water stimula- 
tion on resting LES pressure. Methods: The effect of 
rapid-pulse and slow continuous intrapharyngeal injec- 
tion of minute increments of water on the resting tone 
of the upper and LES of 14 healthy young volunteers 
was evaluated by concurrent manometry, submental 
electromyography, and respirography. Results: At a 
threshold volume, pharyngeal water injection induced 
an isolated LES relaxation in all volunteers. The thresh- 
old volume inducing LES relaxation by rapid-pulse injec- 
tion, 0.16 _+ 0.01 mL, was significantly lower than that 
with slow continuous injection (0.5 +_ 0.05 mL) (P < 
0.05). The duration and magnitude of LES relaxation 
were not volume dependent. The duration of LES relax- 
ation induced by rapid-pulse injection was significantly 
longer than that of swallows. Conclusions: Minute 
amounts of liquid injected into the pharynx induce LES 
relaxation different from that of the normal swallow. 
Neither the duration nor the magnitude of this relax- 
ation is volume dependent. Whereas the contribution 
of this finding to the mechanism of transient LES relax- 
ation remains to be ascertained, it may partially explain 
the variability of the basal LES pressure. 

N 'ormal inhibi t ion of  lower esophageal sphincter 

(LES) tone occurs dur ing swallowing and belching. 

However,  it is known that  sphincter relaxation may occur 

independent ly  of  these functions. ~-~ Dur ing  our studies 

to characterize swallows tr iggered by pharyngeal  water 

st imulation, it was noted that  subthreshold volumes for 

pharyngeal  swallow resulted in LES relaxation wi thout  

s t imulat ion of  swallowing. 

Because the effect of  direct s t imulat ion of  the pharynx 

on the resting LES tone in humans has not been systemat- 

ically investigated, this s tudy was undertaken to charac- 
terize the effect of  pharyngeal  water s t imulat ion on the 
resting LES pressure. 

M a t e r i a l s  a n d  M e t h o d s  

We studied 14 healthy young volunteers (6 women 
and 8 men; age range, 2 0 - 3 2  years). The studies were per- 
formed with the subjects in the supine position after overnight 
fasting. The study protocols were approved by the Human 
Research Review Committee of the Medical College of Wis- 
consin, and the subjects gave informed written consent. 

LES pressure and esophageal-body and gastric pressure phe- 
nomena were monitored by a catheter assembly that incorpo- 
rated a sleeve device (6 × 0.5 X 0.4 cm) (Dentsleeve, Adelaide, 
Australia); four esophageal recording sites located 3, 6, 12, 
and 15 cm above the sleeve; and one gastric port located at 
the distal end of the sleeve device. A recording site at the 
proximal end of the sleeve was used for manometric position- 
ing. 

The upper esophageal sphincter was monitored by a second 
catheter assembly that incorporated an upper esophageal 
sphincter sleeve device (6 × 0.5 >( 0.3 cm) (Dentsleeve). The 
sleeve assembly had recording ports at the proximal and distal 
ends of the sleeve for manometric positioning. It also incorpo- 
rated an injection port located 2 cm proximal to the sleeve 
device. This manometric assembly was positioned such that 
the injection port faced posteriorly. The subjects were moni- 
tored for 10 minutes after positioning of the two manometric 
assemblies, after which pharyngeal water injections were per- 
formed by two methods: rapid-pulse and slow continuous in- 
jections. Rapid-pulse injections were started with 0.1 mL wa- 
ter, and the volume was increased by 0.1-mL increments until 
an irrepressible swallow occurred. Stow continuous infusion 
was performed in 10 subjects at a rate of 5.5 mL/min with a 
Harvard infusion pump (model N0975; Harvard Apparatus 
Co., Inc., Dover, MA) until an irrepressible swallow occurred. 
Each injection was started 5-10 seconds after the LES pressure 
stabilized at baseline after a swallow, and subjects withheld 
swallowing as long as they could. Each volume was tested 
three times. 

Respiration was monitored with a Respitrace system (Am- 
bulatory Monitoring, Inc., Ardsley, NY), which recorded respi- 
ration-induced rib cage movement through a coiled insulated 
electric wire. Swallowing was monitored by submental surface 
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electromyography with a surface electrode taped beneath the 
chin over the geniohyoid-mylohyoid muscle complex. The 
electromyographic signals and the respirographic tracings were 
recorded on the same polygraph paper on which the manomet- 
ric pressure phenomena were recorded. In addition, subjects 
signaled swallowing with a handhetd event marker. During 
the actual test period, the polygraph paper was run at a speed 
of 25 mm/s. Between the water injections, the paper speed 
was kept at 10 mm/s. We evaluated the nature of the LES 
pressure response to pharyngeal water stimulation during 
rapid-pulse and slow continuous injection, the onset and dura- 
tion of the LES response to pharyngeal water stimulation, the 
magnitude of the LES pressure response to pharyngeal water 
stimulation, the upper esophageal sphincter pressure response 
to pharyngeal water stimulation, and esophageal-body activity 
in response to pharyngeal water stimulation. 

LES relaxation induced by pharyngeal water stimulation 
was compared with LES relaxation induced by the preceding 
volitional swallow. The nadir of the relaxation was used for 
comparison. The LES pressure response to pharyngeal water 
stimulation at each volume was considered positive when it 
occurred during all three trials. Occurrence of swallow was 
determined by the presence of submental electromyographic 
activity, deglutitive apnea, the volunteer's signal, and the ob- 
server's marking. Statistical analysis was performed with analy- 
sis of variance with repeated measures and Z 2 when appropriate. 
Data in the text are presented as mean _ SEM unless stated 
otherwise. 

Results 

Rapid-Pulse Injection 

A total of 212 rapid water injections were per- 
formed. In all volunteers, rapid water injections into the 

pharynx resulted in a decline in the resting LES pressure, 

which occurred in response to 188 of 212 injections. The 

LES pressure decline began 2.4 + 0.17 seconds after the 

completion of water injection. The smallest volume that 
induced a decline in resting LES pressure in all three 
trials, the threshold volume, averaged 0.16 ___ 0.01 mL. 
Injection of the threshold volume resulted in complete 

LES relaxation in half of the trials. In the rest, the pres- 

sure decline ranged between 30% and 85 % of the resting 
LES pressure (Figure 1). 

In each subject, with each incremental increase in the 
injected volume, the LES relaxation continued to occur 
until the injected volume reached the threshold for the 
stimulation of pharyngeal swallows (0.8 + 0.1 mL). 
These swallows occurred immediately after the comple- 
tion of water injection. 

In 6 subjects, injection of the threshold volume in- 
duced complete LES relaxation in all three trials. In this 
group, complete relaxation continued with increasing in- 
crements of injected volume until a pharyngeal swallow 
occurred. Among the remaining 8 subjects, 3 developed 

complete LES relaxation in response to volumes larger 

than the threshold volume. Among the other 5 subjects, 
the LES relaxation in response to all volumes of pharyn- 
geal injection remained partial in 4 but was variable in 

1 subject. 

In most instances, the LES relaxations were ended by 

spontaneous swallows. However, in a total of 70 instances 

(38%), LES pressure recovered spontaneously before a 

swallow occurred (Figure 1B and C). These trials were 
used to measure the duration of LES relaxation. Analysis 

of these instances showed that there was no direct relation 

between the volume of injected water and the duration of 

LES relaxation. However, the duration of LES relaxation 

induced by threshold volume (6.0 + 1.0 seconds) was 
significantly longer than that induced by a primary 

(3.0 + 0.3 seconds) or pharyngeal swallow (3.2 + 0.4 
seconds). 

When  the LES relaxation recovered spontaneously, in 
33% of instances it was followed by a postrelaxation 

contraction (Figure 2) that resulted in an LES pressure 

higher than the preinjection value. In the remaining in- 

stances, the LES pressure returned to the preinjection 

level without a postrelaxation contraction (Figure 1B and 
C). 

In 35 of 188 trials (19%), pharyngeal water injection 
was associated with minimal submental electromyo- 

graphic activity. Twenty-two of these activities (12%) 

occurred 7.5 + 0.7 seconds (range, 3 - 1 5  seconds)after 
the onset of LES relaxation. The rest (7%) occurred either 
simultaneously with the onset of LES relaxation or within 

1 second of its occurrence (Figure 3). 
In nine instances, pharyngeal water injection was asso- 

ciated with distal esophageal motor activity. In eight of 

them, simultaneous contractions extended caudally from 

6 cm above the LES, and in one, the simultaneous con- 
traction involved the entire esophagus. These contrac- 

tions occurred concurrently with the onset of the recovery 
of LES pressure (Figure 3A). 

In 90% of the trials, rapid pharyngeal water injection 

resulted in an increase in upper esophageal sphincter 
pressure by 170% --- 10% over the preinjection values 

(Figures 1-3) .  In the remaining instances, the upper 
esophageal sphincter pressure did not change. 

Slow C o n t i n u o u s  In ject ion 

Similar to rapid-pulse injection, slow continuous 
injection of water into the pharynx invariably resulted in 
LES relaxation (Figure 4). The smallest slowly injected 
volume that caused LES relaxation, the threshold volume, 
averaged 0.5 + 0.05 mL. This volume was significantly 
larger than that of the rapid-pulse injection (P < 0.05). 
A comparison of the threshold volumes required to induce 



February 1995 LES RELAXATION 443 

0.1  m l  A Injection port 1 ] ' ~  %W 

1 0 0  [ m m H g  E 1 5  

0 - - ' ' 
1 0 0  [ mmHg 

E12 ~ 
0 . . . .  . 

1 0 0  r -  m m H g  

0 

R e s p i t r a c e  

I I I l l l  1 I I I I  I I  I I I I I I I I I I I I I I  I I I I I I  I I  

0 5 10 15 20 25 30 

T i m e  in s e c o n d s  

B 0.2 ml Waler Injection 

Swal low 

100 mmHg UES 

100 mmHg E15 0 rnmHg E15 

50 rnmHg LE~R-0 

0 
50~mmHg gaslric 

0 
EMG ~ - -  

Respitrace 

t l  i ~1 I I I A I I  , l l F I  i , 1 1 1  I I I  I I  I I  I l l  I I I I J  I r l l l J l l  I I I  I l l l l l  I l l  ' 1  ' J I  I l l  
0 5 10 15 20 25 30 35 40 45 50 55 60 

Time in seconds 

0.6 ml Water Injection 

c k 

^ 
100 mmHg E15 

0 

50 rnmH LESR-0 

EMG 

Respitrace 

O 5 10 15 20 25 3035 40 45 50 5560 

Time in seconds 

Figure 1. The effect of incremental amounts of water injected rapidly into the pharynx on LES resting pressure. (A) Subthreshold volume. 
Injection of 0.1 mL water directed to the posterior wall of the pharynx did not induce any change in the LES pressure. Water injection is followed 
by a spontaneous swallow 10 seconds later. (B) Partial LES relaxation induced by 0.2 mL water injected into the pharynx. (C) Complete LES 
relaxation induced by injection of 0.6 mL water into the pharynx. In these examples, the LES recovers from relaxation spontaneously. In addition, 
this recovery is not accompanied by a postrelaxation contraction. In B and C, there is an increase in the upper esophageal sphincter resting 
pressure after the injections. 

LES relaxation and to induce a pharyngeal swallow is shown 

in Figure 5. In both modes of water injection, a signifi- 
cantly larger volume of water was required to induce a 
pharyngeal swallow than to induce isolated LES relaxation. 

In 5 of 10 subjects, the threshold volume for slow 
continuous injection induced complete relaxation of the 

LES. Four of these subjects were among those with com- 
plete LES relaxation at the threshold volume for rapid- 
pulse injections. In the remaining subjects, the LES relax- 

ation was partial, ranging between 40% and 80% of the 

preinjection level. The LES relaxation occurred 
5.6 + 0.5 seconds after the initiation of slow water injec- 
tion. In cases of partial relaxation, the LES pressure did 
not decrease further between the onset of LES relaxation 

and the occurrence of pharyngeal swallow. Contrary to 
rapid-pulse injection, none of the volunteers with partial 
LES relaxation at the threshold volume developed com- 
plete LES relaxation with continued water infusion. 
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Figure 2. Postrelaxation contraction after the recovery of LES from 
relaxation induced by pharyngeal water injection. A 0.2-mL water injec- 
tion into the pharynx induced an 80% LES pressure decline from the 
pre-ejection value. The total duration of this relaxation was 9 seconds. 
Recovery of the LES from this relaxation was accompanied by a postre- 
laxation contraction. This type of recovery was found in 33% of the 
trials. 

Similar to rapid-pulse injection, upper esophageal 
sphincter pressure increased during slow continuous in- 
jection (Figure 4). This finding occurred in 90% of the 
trials. The increase averaged 138% + 12% over the pre- 
injection values. In the rest, the upper esophageal sphinc- 
ter pressure did not change during slow pharyngeal water 
injection. 

D i s c u s s i o n  

In this study, we characterized the effect of pha- 
ryngeal water stimulation on the resting LES pressure. 
Our study findings indicate that rapid or slow injection 
of minute amounts of water into the pharynx induces 
relaxation of the LES. This relaxation was complete in 
about half of the subjects. An increase in the volume of 
injected water resulted in complete LES relaxation in an 
additional 4 subjects, whereas in the remaining subjects, 
LES relaxation remained partial regardless of the volume 
of injected water. Our study findings also indicate that 
if the water is injected slowly, a significantly larger vol- 
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Figure 3. LES relaxations induced by pharyngeal water injection that 
were associated with submental electromyographic activities. (A) In- 
jection of 0.3 mL water into the pharynx induced a partial LES relax- 
ation. Four seconds after the onset of LES relaxation, electromyo- 
graphic activity of submental muscles occurred (open arrow). This 
activity was accompanied by a small simultaneous contraction of the 
body of the esophagus (closed arrow). These events were associated 
with the return of LES pressure to the preinjection value. (B) Injection 
of 0.3 mL water into the pharynx in a different volunteer resulted in 
complete LES relaxation. Eight seconds after the onset of LES relax- 
ation, a submental electromyographic signal that was temporally re- 
lated to the termination of the LES relaxation developed. Contrary to 
the example in Figure 1A, this signal was not accompanied by an 
esophageal contraction. In both examples, there was a short duration 
of increased upper esophageal sphincter pressure after water injec- 
tion. 
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ume is required to induce LES relaxation than during 
rapid-pulse injection. 

Earlier studies have shown that pharyngeal water in- 
jection at a threshold volume during both rapid-pulse 
and slow continuous injection results in an irrepressible 
swallow (pharyngeal, or secondary, swallow). 7 The find- 
ings of this study indicate that a significantly smaller 
volume of water is required to induce LES relaxation 
than to induce a pharyngeal swallow. 

The mechanism of LES relaxation induced by pharyn- 
geal water stimulation remains to be elucidated. How- 
ever, previous studies of pharyngeal mechanical stimula- 
tion in opossums 2 suggest that isolated LES relaxation 

may occur as part of the stimulation of the swallowing 
pathway. The fact that our subjects were instructed to 
resist swallowing may have eliminated swallows that 
would have occurred otherwise and may have isolated 
LES relaxation from the rest of the swallowing complex. 
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Figure 4. LES relaxation induced by intrapharyngeal stow continuous 
water injection. Injection of water at the rate of 5.5 mL/min resulted 
in complete LES relaxation (arrow) after 8 seconds. This relaxation 
was not accompanied by either electromyographic or esophageal con- 
tractile activities. Similar to rapid-pulse injection, this mode of injec- 
tion also resulted in an increase in the upper esophageal sphincter 
resting pressure. Twelve seconds later, pharyngeal water infusion 
reached the threshold for a pharyngeal swallow, marked by SW. This 
threshold is heralded by a submental electromyographic signal. 

Swallowing results in deglutitive inhibition in the 
esophagus and LES, followed by excitation. Previous 
studies have shown that the threshold for activation of 
the deglutitive inhibition is lower than that of the de- 
glutitive excitation. 8 Our finding that a significantly 
smaller volume is needed to induce LES relaxation than to 
initiate an irrepressible swallow corroborates these earlier 
findings. 

LES tone is modulated by the effect of excitatory and 
inhibitory vagal 9 impulses to the LES muscle. In the 
current study, injection of the threshold volume resulted 
in complete LES relaxation in approximately half of the 
subjects. An additional 3 subjects' response could be 
converted from partial to complete relaxation with an 
increase in the volume of injected water. However, in 4 
individuals, the LES relaxation was consistently incom- 
plete. These findings suggest that pharyngeal mechanore- 
ceptor stimulation results in various combinations of acti- 
vation of inhibitory and inhibition of excitatory pathways 
that control the LES tone. It also suggests the existence 
of intersubject variation in the threshold of activation of 
these pathways. 

Inhibition of LES tone independent of swallowing and 
belching is known to occur; it is called transient LES 
relaxation. Although the exact mechanism of these relax- 
ations is not known, it has been proposed that they may 
occur as part of subthreshold swallows, 1'2 incomplete 

belch events, or both. 3 Presence of a manometric catheter 

E 
v 

o 
> 

LESR Threshold Swallow Threshold 

Figure 5. Comparison of the threshold volumes that induce LES 
relaxation (LESR Threshold) with that of pharyngeal swallow (Swallow 
Threshold) induced by rapid (~) and slow ( I )  injection. For both 
modes of water injection, the threshold volume required to induce 
LES relaxation was significantly smaller than that for the induction of 
pharyngea] swallow ('P < 0.05). In addition, for both events to occur, 
a significantly smaller volume was required when the water was 
injected rapidly than when it was injected slowly (*P < 0.05). 
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in the pharynx 4 and gastric fundal distention %6 have been 
shown to increase the frequency of these relaxations of 
the LES. The present study identifies yet another factor 
that influences LES resting tone. Whereas the possible 
contribution of this finding to the mechanism of transient 
LES relaxation remains to be ascertained, it may explain 
the fluctuations of LES resting pressure observed during 
long-term measurements. 

It is conceivable that minute amounts of fluid intro- 
duced into the pharynx through salivary production, 
postnasal drip, or other aerodigestive tract discharges 
may induce complete or partial relaxation of the LES and 
facilitate gastroesophageal reflux. This may also explain 
why elimination of a transnasal catheter did not com- 
pletely abolish the occurrence of transient LES relax- 
ation. 4 Further studies are needed to investigate these 
issues. 

Our findings also corroborate earlier studies, which 
showed that pharyngeal mechanical stimulation in cats 1° 
and water stimulation in humans ~ results in an increase 
in the resting tone of the upper esophageal sphincter, the 
pharyngo-upper esophageal sphincter contractile reflex. 
Although the physiological role of this reflex remains to 
be elucidated, it might be speculated that it functions 
as an airway-protective mechanism whereby retrograde 
entry of small volumes of liquid into the pharynx from 
the stomach results in augmentation of upper esophageal 
sphincter tone, reducing the chance of further regurgita- 
tion into the pharynx. 

In conclusion, minute amounts of liquid injected ei- 
ther abruptly or slowly into the pharynx induce LES 
relaxation. The duration and magnitude of LES relaxation 
induced by pharyngeal water injection are different from 
those of the normal swallow. Neither the duration nor 
the magnitude of this relaxation is volume dependent. 

The physiological contributions of this finding remain 
to be elucidated. 
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Introduction
!

Although the small bowel represents 75 % of the
length and 90 % of the overall mucosal surface of
the alimentary tract, it is considered a rare loca−
tion for the development of neoplasms, account−
ing for only 1% ± 3% of all primary gastrointesti−
nal tumors [1,2]. A review of the Utah Cancer
Registry from 1966 through 1990 showed that
the overall age−adjusted yearly incidence of
small−bowel cancers was 1.4 per 100 000. Over a
30−year period [3], Barclay [4] reported an inci−
dence of 0.7/0.6 (male/female) malignant small−
bowel tumors per 100 000, which accounted for
1.6% of all gastrointestinal tumors [5].
Approximately 40 different histological types of
small−intestinal tumors have been identified [6].
Among malignant tumors, about 30 % ± 50 % are
adenocarcinomas, 25% ±30 % are carcinoids, and

15% ± 20 % are lymphomas. The majority of be−
nign small−bowel tumors originate from the stro−
mal layer [7] accounting for about 15 %± 20 % of
all small−bowel primary neoplasms [8, 9].
Secondary neoplasia has been reported to be
more frequent than primary small−intestinal
neoplasms. Primary tumors of the colon, ovary,
uterus, and stomach can metastasize to the small
bowel by direct invasion or by intraperitoneal
spread, whereas primaries from breast, lung, and
melanoma metastasize by the hematogenous
route [7]. In patients with skin melanoma,
small−bowel metastases have been described in
1.5% ±4.4 % of cases in in−vivo studies [10,11]
and in 58% of post−mortem specimens [10].
Small−bowel tumors grow slowly, extraluminally,
remaining asymptomatic for years or presenting
insidiously in patients with nonspecific com−
plaints such as abdominal pain, diarrhea, iron de−

Background and study aim: Small−bowel tumors
account for 1 % ±3 % of all gastrointestinal neo−
plasms. Recent studies with video capsule endos−
copy (VCE) suggest that the frequency of these
tumors may be substantially higher than pre−
viously reported. The aim of the study was to
evaluate the frequency, clinical presentation, di−
agnostic/therapeutic work−up, and endoscopic
appearance of small−bowel tumors in a large
population of patients undergoing VCE.
Patients and methods: Identification by a ques−
tionnaire of patients with VCE findings suggest−
ing small−bowel tumors and histological confir−
mation of the neoplasm seen in 29 centers of 10
European Countries.
Results: Of 5129 patients undergoing VCE, 124
(2.4%) had small−bowel tumors (112 primary, 12
metastatic). Among these patients, indications
for VCE were: obscure gastrointestinal bleeding
(108 patients), abdominal pain (9), search for pri−
mary neoplasm (6), diarrhea with malabsorption
(1). The main primary small−bowel tumor type

was gastrointestinal stromal tumor (GIST) (32%)
followed by adenocarcinoma (20%) and carcinoid
(15 %); 66% of secondary small−bowel tumors
were melanomas. Of the tumors, 80.6 % were
identified solely on the basis of VCE findings. 55
patients underwent VCE as the third procedure
after negative bidirectional endoscopy. The le−
sions were single in 89.5 % of cases, and multiple
in 10.5 %. Retention of the capsule occurred in
9.8 % of patients with small−bowel tumors. After
VCE, 54/124 patients underwent 57 other exami−
nations before treatment; in these patients en−
teroscopy, when performed, showed a high diag−
nostic yield. Treatment was surgery in 95 % of
cases.
Conclusions: Our data suggest that VCE detects
small−bowel tumors in a small proportion of pa−
tients undergoing this examination, but the early
use of this tool can shorten the diagnostic work−
up and influence the subsequent management of
these patients.
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ficiency anemia, bleeding, extraintestinal symptoms (flushing,
paraneoplastic syndromes), or acute obstruction [12]. In these
patients, the results of routine diagnostic laboratory and other
diagnostic tests, such as push enteroscopy, small−bowel series
(SBS) or enteroclysis, computed tomography, and magnetic reso−
nance imaging may frequently be inconclusive. For these rea−
sons the diagnosis is often delayed [6,12], thus failing to prevent
the development of locally advanced lesions or metastatic dis−
ease.
The development and clinical implementation of video capsule
endoscopy (VCE), an accurate, safe, and painless method of en−
doscopically evaluating all of the small bowel, has opened a
new frontier in the field of small−bowel investigation. Since the
introduction of this device into clinical practice, a few small ser−
ies have been published showing an frequency of small−bowel
neoplasms higher than previously expected, ranging between
2 % and 9 % [13± 17], and some authors have speculated that rou−
tine use of wireless capsule endoscopy in the diagnostic algo−
rithm for obscure gastrointestinal bleeding, iron deficiency ane−
mia, and abdominal pain would lead to earlier diagnosis, and
therefore improve the overall prognosis associated with malig−
nant small−bowel tumors [18].
The aim of the present study was to describe the frequency, clin−
ical presentation, endoscopic appearance, and diagnostic work−
up related to small−bowel tumors in a large population of pa−
tients undergoing VCE.

Patients and methods
!

This study was carried out in 29 centers from 10 European coun−
tries. Each participating center reviewed its own series of conse−
cutive patients undergoing VCE, from the beginning of the use of
this device in clinical practice until October 2006.
For each patient in whom VCE showed one or more lesions sug−
gesting small−bowel neoplasia, and a subsequent diagnostic/
therapeutic work−up led to histological confirmation, a specific
structured questionnaire was completed.
We decided to exclude from the study all patients with a known
condition that increases the risk of small−bowel neoplasms (e. g.
patients with refractory celiac disease or patients with familial
adenomatous polyposis [FAP] or Peutz±Jeghers syndrome with
alarm symptoms or under surveillance).
The questionnaire collected data on:
" the center where VCE was performed (name of referring

physician, number of VCE procedures performed at the time
of data submission),

" the patient (age, sex, and length of clinical history),
" indication for VCE (for patients with obscure gastrointestinal

bleeding [OGIB], their hemoglobin level at the time of VCE),
" diagnostic work−up before VCE,
" results of VCE (endoscopic appearance of the lesion, and lo−

cation, estimated by the physician reviewing the video),
" complications related to VCE (e. g. capsule retention),
" diagnostic−therapeutic work−up after VCE (particularly a brief

description of surgical intervention, if done, with appearance
and location of the lesion),

" final histological diagnosis.

Statistical analysis
This was done using SPSS software (SPSS 14.0 for Windows, SPSS
Inc. Chicago, Illinois, USA). To describe the population, we used
mean and SD for data with a Gaussian distribution (e. g. age)
and median and range for data with a non−Gaussian distribution
(e. g. length of clinical history). To compare unpaired groups, we
used the two−tailed t test for unpaired groups or the Mann±
Whitney test, respectively, for data with Gaussian or non−Gaus−
sian distributions.
The Spearman correlation test was used to quantify the associa−
tion between variables. We calculated the value of r, which
ranges between + 1 and ± 1; a value of 0 means that the two vari−
ables do not vary together at all, while + 1 or ± 1 indicate perfect
correlation (respectively, direct or inverse).
To analyze contingency tables we used the C2 test or Fisher’s ex−
act test as appropriate. As usual, for all these tests, a P value of
less than 0.05 was considered to be statistically significant.

Results
!

Frequency of small−bowel tumors
In 29 centers from 10 European countries, 5129 VCE examina−
tions were performed, for any indication. Unfortunately we did
not know when each center started to use VCE in clinical prac−
tice; thus we were not able to calculate the mean rate of exami−
nations performed per center per year but only the total number
of VCEs done at each center. From the 5129 examinations (l" Ta−
ble 1), we collected data on 160 patients. A total of 36 question−
naires were excluded from further evaluation: 13 described
small−bowel neoplasms in patients with refractory celiac disease
(n = 8) or Peutz±Jeghers syndrome (n = 5), while 23 were incom−
plete. Thus, data from a total of 124 patients (mean age � SD
60.3 � 14.3 years) with histologically proven small−bowel neo−
plasms were evaluated.
The overall frequency of small−bowel tumors identified at VCE
was 2.4 %, ranging between 0.75 % (3/400) and 9.3 % (7/75) for
the 29 centers. We found an inverse correlation (Spearman r =
± 0.56, 95 % confidence interval [CI] ± 0.77 to ± 0.23; P < 0.002;
l" Fig. 1) between the frequency of identification of small−bowel
neoplasms and the number of VCE examinations performed at
each center.

Indication for VCE
The indication for VCE was obscure gastrointestinal bleeding
(OGIB) in 108 patients (108/124, 87.1%), which was obscure−oc−
cult in 52 (52/108, 48.2 %), ongoing overt in 36 (36/108, 33.3%)
and previous overt in 20 (20/108, 18.5 %). In the remaining 16 pa−
tients (16/124, 12.9 %), the indication for VCE was abdominal
pain in 9, investigation for primary neoplasms in patients with
liver metastases or carcinoid syndrome in 6, and diarrhea with
severe malabsorption in 1.

Diagnostic work−up before VCE
Of the 124 patients, 55 (44.4 %) underwent VCE as the third ex−
amination after negative bidirectional endoscopy, while the re−
maining 69 (55.6 %) had undergone at least one further examina−
tion aimed to evaluate the small−bowel before VCE. These 69 pa−
tients underwent 102 examinations specifically addressed to
evaluate the small bowel (not including repeated gastroscopies
and colonoscopies) before capsule endoscopy (mean number of
diagnostic procedures per patient, 1.47); in 45 out of these 69 pa−
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tients the diagnostic work−up was completely negative while 24
patients had at least one examination with positive results. The
examinations performed before VCE and their diagnostic yield
are shown in l" Table 2.
Taking together the patients who underwent VCE immediately
after negative bidirectional endoscopy (n = 55) and the patients
with a negative diagnostic work−up despite further examina−
tions (n = 45), capsule endoscopy had a direct impact on diagno−
sis, identifying an unexpected small−bowel tumor, in 80.6 % of
patients (100/124).

Endoscopic appearance and histological classification
The endoscopic appearance of lesions identified by VCE was:
polyp or mass in 94 patients (75.8 %); ulcers in 10 (8.1 %); fresh
blood in 8 (6.5 %); stenoses in 8 (6.5 %); and cobblestone in 4
(3.2%). l" Fig. 2 shows a polypoid, ulcerated lesion that was con−
firmed at surgical intervention (l" Fig. 3).
These lesions were single in 111 cases (89.5 %) and multiple in 13
(10.5%)
Of 124 lesions identified, 112 were primary neoplasms (112/5129
or 2.2 %) while the other 12 cases were small−bowel metastases
(12/5129 or 0.2 %). The most frequent histological type of pri−
mary tumors was gastrointestinal stromal tumor (GIST) (32.1%)
followed by adenocarcinoma (20.5%) and carcinoid (15.6 %). In 8
out of 12 cases with metastatic small−bowel tumors, the metas−
tases were from a previously removed skin melanoma. The his−

Table 1 Centers participating the study. For each center, the table shows the number of video capsule endoscopy (VCE) examinations performed, the number of
small−bowel tumors identified at VCE, and the resulting percentage frequency of small−bowel tumors identification at VCE

Center Country VCE procedures

performed, n

Small−bowel tumors

identified at VCE, n

Frequency of

identification of small−

bowel tumors at VCE, %

Ghent Belgium 70 4 5.7

Aviano Italy 121 4 3.3

Bari Italy 75 7 9.3

Bologna Italy 41 1 2.4

Busto Arsizio Italy 264 6 2.3

Ferrara Italy 120 2 1.7

Genoa Italy 110 3 2.7

Milan Italy 400 9 2.2

Naples 1 Italy 86 1 1.2

Naples 2 Italy 265 7 2.6

Polla Italy 226 3 1.3

Rome 1 Italy 366 8 2.1

Rome 2 Italy 58 1 1.7

Venafro Italy 15 1 6.7

Turin Italy 280 10 3.6

Barcelona Spain 156 2 1.3

Murcia Spain 67 2 3.0

Toledo Spain 141 4 2.8

Madrid Spain 400 3 0.7

Madrid 2 Spain 375 10 2.6

Bilbao Spain 50 2 4.0

Pamplona Spain 132 3 2.3

Thessalonika Greece 35 1 2.8

Iasi Romania 26 2 7.7

Hradec Kralove Czech Republic 61 3 4.9

Malmù Sweden 864 16 1.8

Vienna Austria 149 4 2.7

Lisbon Portugal 48 2 4.1

Odense Denmark 128 3 2.3

Total 5129 124 2.4
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Fig. 1 Correlation between number of video capsule endoscopy (VCE)
examinations done for any indication and frequency of identification of
small−bowel tumors, at 29 centers participating in the study (Spearman
correlation test, r = ± 0.56, 95 % confidence interval [CI] ± 0.77 to ± 0.23;
P < 0.002).
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tological classification of the small−bowel primary neoplasms
and metastases is shown in l" Table 3.

Location of tumors
On the basis of further diagnostic and/or therapeutic work up
carried out after VCE, the definitive location of single lesions
was established as the jejunum in 70.3% of cases, the ileum in
22.5 %, and the duodenum in 7.2 %. There was 92.8 % agreement
(103/111 cases) between the location of single lesions as asses−
sed by VCE and that established on the basis of further diagnos−
tic and/or therapeutic work−up.

Complications of capsule endoscopy
All patients enrolled in this study (except one in whom the cap−
sule was placed in the stomach using the endoscope), swallowed
the capsule easily. Among the 38 patients (30.9%) in whom the

Fig. 2 Capsule endoscopy image showing a polypoid ulcerated lesion
(white arrows).

Fig. 3 Same patient
as in Fig. 2. Small−
bowel tumor, 3 cm
in size, involving the
wall of the small
bowel circumferen−
tially.

Table 2 Diagnostic yield of examinations performed before video capsule endoscopy (VCE) in 69 patients, and after VCE in 112 patients without capsule
retention

Examinations performed before VCE

Total patients, n = 69

Examinations performed after VCE

Total patients, n = 112

Number of

examinations, n

Diagnostic yield, % Number

of examinations, n

Diagnostic yield, %

Small−bowel series/small−bowel enteroclysis 49 10.2 2 100

Abdominal CT scan 19 47.3 2 50

Bleeding nuclear scan 13 53.8 1 0

Push enteroscopy 10 10.0 30 77

Octreoscan 4 50.0 None

Angiography 2 0.0 4 75

SPECT 2 0.0 None

Meckel’s scan 1 0.0 None

Double−balloon enteroscopy 1 0.0 5 80

Surgical intervention 1 0.0 None

Gastroscopy None 5 100

Colonoscopy None 3 0

MRI enteroclysis None 3 66

CT enteroclysis None 2 50

Total 102 24.3 57 72

Table 3 Histological classification of small−bowel neoplasms

n %

Primary small−bowel neoplasms

GIST 36 32.1

Adenocarcinoma 23 20.5

Carcinoid 17 15.2

Lymphoma 12 10.7

Lipoma 10 8.9

Angioma 4 3.6

Neuroendocrine tumor 4 3.6

Sarcoma 3 2.7

Juvenile hamartoma 2 1.8

Kaposi’s sarcoma 1 0.8

Total 112 100 %

Small−bowel metastases

Melanoma 8 66.4

Colonic carcinoma 2 16.0

Seminoma 1 8.3

Hepatocellular carcinoma 1 8.3

Total 12 100 %

GIST, gastrointestinal stromal tumor.
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capsule did not reach the ileocecal valve during the examination
period, in 12 (12/124, 9.7 %) the capsule was stuck at the site of
the tumor. Five of these 12 patients (41.6%) had undergone an
SBS or small−bowel enteroclysis before VCE, with negative re−
sults. In 2/12 patients (16 %) the capsule was retrieved with the
push enteroscope and in 10 (84 %) by surgical intervention. The
relevant data for these 12 patients is presented in l" Table 4.
Capsule retention occurred only in patients with stenoses
(n = 6) or polyps/masses (n = 6). As expected, stenoses led to cap−
sule retention more frequently than polyps/masses (6 cases of
retention in 8 patients with stenoses vs. 6 in 94 with polyps/
masses; Fisher test, P = 0.002).
There was no difference in the occurrence of retention according
to type of OGIB, location, or histological type of tumor.
None of these 12 patients had acute obstruction due to capsule
retention. In the remaining 26 patients, in whom the capsule
did not reach the ileocecal valve during the examination period
but was not retained, the capsule was egested naturally in the
stool within 7 ± 15 days.

Diagnostic and therapeutic work up after capsule
endoscopy
A total of 110 patients were treated by surgery alone, 8 received a
combination of surgery and chemotherapy, 1 underwent endo−
scopic polypectomy, while 1 was left untreated because of poor
general condition and 4 were lost to follow−up. Among 112 pa−
tients without capsule retention, treatment was given directly
after VCE in 58 patients, while 54 underwent further examina−
tions (l" Table 2), which were negative in 9. Thus, in 67 patients
therapy was done solely on the basis of the diagnosis made by
VCE, in 35 it was based also on the results of further tests, while
12 underwent operation following capsule retention.

Discussion
!

Since the introduction of VCE in clinical practice, several studies
have shown that the performance of this technique is superior to
that of other diagnostic modalities in detecting small−bowel ab−
normalities including vascular lesions, inflammation and tu−
mors [19 ±22]. Nowadays, it is well accepted that VCE plays a
key role in the diagnostic work−up of obscure gastrointestinal
bleeding, in the diagnosis of suspected Crohn’s disease and in
the evaluation of the small bowel in patients with refractory ce−
liac disease, but the role of capsule endoscopy in the diagnosis
and management of small−bowel tumors is still debated, despite
a growing body of evidence in this field [13± 18].
The aim of the present study was to describe the frequency, clin−
ical presentation, endoscopic appearance, and diagnostic work−
up of small−bowel tumors in a population that was as large as
possible of patients undergoing VCE. For this purpose, the study
protocol was sent to all members of the European Capsule En−
doscopy Group (ECEG) and a specific notice was placed in the
home page of the website www.capsuleendoscopy.org. On the
one hand, this method of data collection allowed us to create
the largest database published so far of small−bowel tumors de−
tected by capsule endoscopy (124 tumors with 5129 capsule pro−
cedures performed); on the other hand, this led to the inclusion
of a group of centers that were heterogeneous (in terms of num−
ber of patients referred for VCE, number of tumors identified,
number of capsule examinations performed, and the diagnostic
and therapeutic work−up done before and after VCE). The fact
that the majority of cases came from Italy and Spain is probably
due to the existence in both countries of a capsule endoscopy
study group that facilitated case collection.
In our study the frequency of small−bowel tumors (2.4 %) was
surprisingly and substantially lower than that reported in other
studies in which, as in the present one, the authors collected
both benign and malignant neoplasms [13 ± 16,18,19]. The strict
patient selection (particularly the requirement for histological
confirmation of lesions identified by capsule endoscopy, and

Table 4 Cases of capsule retention: demographic data of patients, indication for video capsule endoscopy (VCE) and clinical data, endoscopic appearance and
location of tumor, and histological findings, and method used to retrieve capsule

Age,

sex

Indication for VCE Length of

clinical his−

tory, months

Hb at time

of VCE, g/dl

Tumor Capsule retrieval

Endoscopic

appearance

Location Histology

61, M OGIB (obscure occult) 6 8.3 Polyp/mass Jejunum Adenocarcinoma Push enteroscopy

68, M OGIB (obscure occult) 12 11.8 Stenosis Multiple Adenocarcinoma Surgery

78, M OGIB (ongoing overt) 8 10.0 Stenosis Jejunum Adenocarcinoma Surgery

52, M OGIB (ongoing overt) 4 6.0 Polyp/mass Duodenum Adenocarcinoma Push enteroscopy

56, M OGIB (ongoing overt) 1 8.3 Polyp/mass Ileum Colonic carcinoma
(metastasis)

Surgery

50, M OGIB (ongoing overt) 0.5 7.5 Polyp/mass Ileum Adenocarcinoma Surgery

35, M OGIB (ongoing overt) 7 8.0 Polyp/mass Jejunum Angiosarcoma Surgery

66, M OGIB (ongoing overt) 3 9.0 Polyp/mass Jejunum GIST Surgery

63, M OGIB (ongoing overt) 2 8.6 Stenosis Jejunum Lymphoma Surgery

66, M OGIB (previous overt) 24 6.8 Stenosis Jejunum Lymphoma Surgery

53, M Investigation for
primary neoplasm

6 NA Stenosis Ileum Lymphoma Surgery

61, M Investigation for
primary neoplasm

10 NA Stenosis Jejunum Carcinoid Surgery

OGIB, obscure gastrointestinal bleeding; Hb, hemoglobin; GIST, gastrointestinal stromal tumor; NA, not applicable.
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the exclusion of patients with a high pre−test probability of hav−
ing a tumor) could be a possible explanation for this difference.
On the other hand, while our series is comparable to the other
published series [13 ± 19] in terms of age and gender of the pa−
tients and of clinical indication for VCE, an important difference
is the number of VCE examinations performed, which in our
study is almost ten times larger than that of the largest previous−
ly published series. To ascertain whether the number of exami−
nations is in any way related to the frequency of tumor detec−
tion, we examined the relationship between frequency of tu−
mors found and number of VCE examinations performed in the
centers participating in the study. Indeed, this analysis revealed
a significant inverse correlation (Spearman r = ± 0.56, P < 0.002;
l" Fig. 1), suggesting that the high number of VCEs carried out
might in some way be related to the low frequency of tumor de−
tection that we found. Interestingly, our figures are in keeping
with those of the second largest existing study, by Pasha et al.
[23], that was recently presented at an international meeting;
this included 1000 VCE examinations, with a 1.6% frequency of
small−bowel tumors. There is no obvious explanation for this. It
is possible that centers where fewer examinations were carried
out adopted stricter criteria for patient selection than larger cen−
ters; however, the characteristics of the patients enrolled in the
different participating centers in our study were homogeneous.
In our series, as in other studies, OGIB was the leading indication
for capsule endoscopy. This was expected, since OGIB is the indi−
cation for VCE in 65% ± 100% of cases in all published series
[13,18].
The design of the study does not allow estimation of the sensi−
tivity and specificity of capsule endoscopy for small−bowel tu−
mors. Recently published studies with double−balloon enteros−
copy (DBE) [24] clearly demonstrated that capsule endoscopy
can miss even large malignant masses (a pooled analysis of pre−
viously published studies [21] showed a miss rate of up to
18.9 %). On the other hand, the difficulties in distinguishing bul−
ges from masses underline the main limitation of capsule endos−
copy, i. e. the inability to take biopsies. Furthermore, we could
not evaluate the role of DBE in confirming or disproving the di−
agnoses made by capsule endoscopy, since during the collection
of our cases DBE was not widely available at the participating
centers. Despite these limitations, our study confirms that
nowadays capsule endoscopy is often used as the third examina−
tion (in about 50 % of patients) after a negative bidirectional en−
doscopy, especially in patients with obscure gastrointestinal
bleeding [19, 25, 26].
As far as the diagnostic work−up before VCE is concerned, all our
patients underwent at least one gastroscopy and one colonosco−
py with negative results. In the present study, we focused on the
alternative techniques to conventional endoscopy that were in−
cluded in the work−up of patients before capsule endoscopy, be−
cause we were interested in assessing their diagnostic perform−
ance for small−bowel tumors. The mean number of examina−
tions performed in 69 patients who underwent other diagnostic
tests before VCE, excluding repeated bidirectional endoscopy, is
comparable with those reported in other studies [13 ± 15,17± 19]
(range 1.28±1.57), as is the percentage of patients in whom other
diagnostic techniques failed to identify the neoplasm (about
65%) [15]. Concerning the impact of VCE on diagnosis, we were
conservative and counted only the patients in whom VCE
showed a tumor undetected by other techniques. Nevertheless,
80 % of tumors were identified solely by VCE, and this figure is
much higher than that reported by others [17]. Enteroscopy

(both push and balloon enteroscopy) was seldom performed be−
fore VCE, and had a low diagnostic yield (l" Table 2; 1/11, 9%). On
the other hand, when conventional enteroscopy (push or DBE)
was performed after a positive VCE examination, the diagnostic
yield rose sharply (l" Table 2; 27/35, 77%; P = < 0.0001), suggest−
ing that VCE can be useful in indicating the utility of convention−
al endoscopy for obtaining tissue samples.
As reported in other recently published series [13± 18], adeno−
carcinomas, GISTs, carcinoids and lymphomas account for about
90 % of small−bowel neoplasms. The most frequent tumor type in
our series was GIST. When it is located in the small bowel, it is
generally considered to be malignant in about 50 % of cases;
however, from an oncological standpoint, GISTs form a conti−
nuum. In general, size and mitotic activity [27,29] are used to
judge the oncologic potential of these tumors. Unfortunately,
we do not have mitotic activity data for the GISTs in our series,
and therefore we decided not to classify them as malignant or
benign. Our study also confirms the high tropism of skin mela−
noma for the small−bowel mucosa [10,11,13 ±16,18, 30, 31].
As expected, the majority of small−bowel tumors in our study
were lesions that protruded into the lumen located in the jeju−
num, an area that is difficult to evaluate with other diagnostic
techniques. Since confirmation of the diagnosis was obtained in
all cases by conventional endoscopic or surgical means, we were
able to compare the location of the lesion as assessed by the VCE
reviewer with that found at endoscopy or surgery: in patients
with a single lesion we found an impressive agreement (92.8 %),
which is comparable with that reported by Pasha et al. [23].
Among the eight cases in which the location of the lesion was
misjudged at capsule endoscopy, in four cases the lesion was
more proximal than expected on the basis of the capsule exami−
nation and in four cases it was more distal.
We did not use the standard definition of capsule retention [32],
i. e. retention of the capsule in the small intestine for more than
15 days, because in some cases the procedure planned to solve
the clinical problem was performed earlier than 15 days from in−
gestion. Therefore, we defined capsule retention as having oc−
curred when the videos showed repetitive images, suggesting
stenosis, and the capsule was retrieved at the site of the lesion
by surgery or push enteroscopy. According to these criteria, cap−
sule retention occurred in about 10% of cases. This rate is similar
to the 11.5% reported by Bailey et al. [15] and substantially high−
er than those reported by Urbain et al. [17] and Cobrin et al. (0 %)
[14], while Pasha et al. [23] reported a very high occurrence
(about 25%) of capsule retention in patients with small−bowel
tumors.
We do not have a obvious explanation for these differences
among studies. As reported in several studies [32, 34] a negative
SBS or enteroclysis performed before VCE does not guarantee the
passage of the capsule: in our series five patients with capsule
retention had undergone an SBS or enteroclysis with negative
findings before the VCE.
Acute obstruction due to capsule retention is a rare complication
[35] of capsule endoscopy and capsule retention can be consid−
ered, particularly in this subset of patients who often require
surgical intervention, as a “positive complication” leading to di−
agnosis. None of our patients with capsule retention experi−
enced acute obstruction, as reported also by Bailey et al. [15].
We can hypothesize that in patients with small−bowel tumors,
the slow growth and the development of pre−stenotic dilatation,
often described at the time of surgical intervention, can prevent
acute obstruction. The development of a dissolvable capsule to
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test bowel patency, by Given Imaging (Yoqneam, Israel) [37 ±41],
and the recently achieved possibility of retrieving retained cap−
sules with DBE [36], will probably decrease the occurrence and
clinical consequences of this complication.
Capsule endoscopy appears thus to be appropriate as the first
step in the diagnostic process of small−bowel tumors, since it
may direct further diagnostic procedures (push enteroscopy,
DBE) aimed at obtaining tissue: in our series this led to a defini−
tive histologic diagnosis in 77% ±80 % of cases. In addition, cap−
sule endoscopy has a direct impact on therapy, since 60 % of our
patients in whom the capsule was not retained underwent surgi−
cal or endoscopic therapy immediately following capsule endos−
copy. At present, surgery is by far the most frequently used treat−
ment in these patients [14 ± 18, 23].
Whether the timely and widespread use of capsule endoscopy in
patients with obscure gastrointestinal bleeding or other unex−
plained abdominal complaints will lead to the earlier identifica−
tion of patients with small−bowel tumors, resulting ultimately in
a survival benefit for the patients, will have to be clarified in spe−
cifically designed studies. Such studies will help define the best
diagnostic/therapeutic algorithm for these patients, and the
place of capsule endoscopy in such an algorithm.
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Abstract
AIM
To perform a systematic review and meta-analysis on 
proton pump inhibitors (PPIs) therapy and the risk of 
Clostridium difficile  infection (CDI). 

METHODS
We conducted a systematic search of MEDLINE/
PubMed and seven other databases through January 
1990 to March 2017 for published studies that 
evaluated the association between PPIs and CDI. Adult 
case-control and cohort studies providing information 
on the association between PPI therapy and the 
development of CDI were included. Pooled odds ratios 
(ORs) estimates with 95% confidence intervals (CIs) 
were calculated using the random effect. Heterogeneity 
was assessed by I 2 test and Cochran’s Q  statistic. 
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Potential publication bias was evaluated via  funnel plot, 
and quality of studies by the Newcastle-Otawa Quality 
Assessment Scale (NOS). 

RESULTS
Fifty-six studies (40 case-control and 16 cohort) 
involving 356683 patients met the inclusion criteria 
and were analyzed. Both the overall pooled estimates 
and subgroup analyses showed increased risk for CDI 
despite substantial statistical heterogeneity among 
studies. Meta-analysis of all studies combined showed 
a significant association between PPI users and the risk 
of CDI (pooled OR = 1.99, CI: 1.73-2.30, P  < 0.001) 
as compared with non-users. The association remained 
significant in subgroup analyses: by design-case-control 
(OR = 2.00, CI: 1.68-2.38, P  < 0.0001), and cohort 
(OR = 1.98, CI: 1.51-2.59, P < 0.0001); adjusted (OR 
= 1.95, CI: 1.67-2.27, P < 0.0001) and unadjusted (OR 
= 2.02, CI: 1.41-2.91, P  < 0.0001); unicenter (OR = 
2.18, CI: 1.72-2.75, P  < 0.0001) and multicenter (OR 
= 1.82, CI: 1.51-2.19, P  < 0.0001); age ≥ 65 years 
(OR = 1.93, CI: 1.40-2.68, P < 0.0001) and < 65 years 
(OR = 2.06, CI: 1.11-3.81, P  < 0.01). No significant 
differences were found in subgroup analyses (test for 
heterogeneity): P  = 0.93 for case-control vs  cohort, P  = 
0.85 for adjusted vs  unadjusted, P  = 0.24 for unicenter 
vs  multicenter, P  = 0.86 for age ≥ 65 years and < 
65 years. There was significant heterogeneity across 
studies (I 2 = 85.4%, P < 0.001) as well as evidence of 
publication bias (funnel plot asymmetry test, P  = 0.002). 

CONCLUSION
This meta-analysis provides further evidence that 
PPI use is associated with an increased risk for 
development of CDI. Further high-quality, prospective 
studies are needed to assess whether this association 
is causal.

Key words: Proton pump inhibitors; Clostridium difficile  
infection; Risk; Systematic review; Meta-analysis
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Core tip: A possible association between the use 
of proton pump inhibitors (PPIs) and the risk of 
Clostridium difficile  infection (CDI) have been su-
ggested by several studies. This meta-analysis, 
including the largest number of studies published to 
date found the risk of CDI almost two-times higher in 
PPIs users than in nonusers. Because all the studies 
analyzed were observational, the causality could not be 
confirmed. Nevertheless, clinicians should be aware of 
such potential association and prescribe the PPIs only 
where they are clearly indicated.

Trifan A, Stanciu C, Girleanu I, Stoica OC, Singeap AM, 
Maxim R, Chiriac SA, Ciobica A, Boiculese L. Proton pump 
inhibitors therapy and risk of Clostridium difficile infection: 
Systematic review and meta-analysis. World J Gastroenterol 2017; 
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com/1007-9327/full/v23/i35/6500.htm  DOI: http://dx.doi.
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INTRODUCTION
Over the past two decades Clostridium difficile (C. 
difficile) infection (CDI) has registered an increasing 
trend worldwide both in incidence and severity[1-5], 
with healthcare costs varying between 1.2 and 4.7 
billion dollars each year in the United States alone[6-9]. 
In addition to the broad-spectrum antimicrobial 
therapy which has been the most prominent 
causative factor for CDI[10,11], other potential risk 
factors have been identified such as: advanced age, 
hospitalization [particularly in intensive care units 
(ICU)], immunosuppression, renal insufficiency, 
hypoalbuminemia, lengthy hospital stay, the use of 
nasogastric tubes, invasive gastrointestinal procedures, 
chemotherapy, the presence of comorbidities, 
environment-related factors, and the emergence of a 
hypervirulent strain of the bacterium known as North 
American pulso-type 1 in some areas[12-21]. However, 
there might be some other risk factors for the CDI 
epidemic in the recent years despite tighter control on 
the use of antibiotics and stricter control policies on 
hospital-related infections[17]. A possible association 
between the use of proton pump inhibitors (PPIs) 
and the development of CDI has been suggested 
and numerous studies have examined it, reporting 
conflicting results[22-43].

Since their release in the late 1980s, PPIs have 
become some of the most widely prescribed agents 
both in outpatient and inpatient settings throughout 
the world[44-53], with sales totalling billions dollars 
worldwide[54,55]. These drugs have proven effective 
in the treatment of ulcer disease (including bleeding 
peptic ulcer), gastroesophageal reflux disease, 
Helicobacter pylori (in combination with antibiotics), 
Zollinger-Ellison syndrome, in the prophylaxis of 
upper gastrointestinal complications with nonsteroidal 
anti-inflammatory drugs (NSAIDs) therapy, stress 
ulcer prophylaxis in ICU patients, and functional 
dyspepsia[50,53,56-60]. The widespread use of PPIs during 
the last 25 years in clinical practice is the result not 
only of their high efficacy but also of their excellent 
safety profile, proving to be one of the safest class of 
medication used in gastroenterology[57,61-64]. 

Nevertheless, like in the case of other drugs, 
PPIs are not as safe as it has been thought and more 
recently, concerns have been raised about their potential 
association with pneumonia[65-67], bone fractures[68-70], 
interstitial nephritis and acute kidney injury[71]. More 
recently, reports of other potential PPIs adverse 
events such as risk for chronic kidney disease[72,73], 
dementia[74], spontaneous bacterial peritonitis[75,76], 
acute myocardial infarction[77,78], micronutrient 
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deficiency (magnesium, calcium, iron)[79,80] were 
published, although the quality of evidence for these is 
consistently low to very low[81]. 

An association between PPIs use and CDI is, at 
least theoretically, rational. Thus, intestinal homeostasis 
is maintained by host defense mechanisms in which 
gastric acid plays an important role as a barrier to 
ingested bacteria and bacterial overgrowth[82]. PPIs 
therapy profoundly inhibits gastric acid production 
leading to the proliferation of spores and their ability to 
convert to a vegetative form of C. difficile [83]. Moreover, 
PPIs impair leukocyte function by inhibiting phagocytosis 
and acidification of phagolysosome[84]. 

Several systematic reviews and meta-analyses have 
reported conflicting results regarding the association 
between PPIs use and increased risk of CDI. Thus, no 
less than six meta-analyses[85-90] found a significant 
association between PPIs therapy and increased 
risk of CDI. These findings were also supported by 
several studies[19,22-26,39,91-114] which reported a risk 
for CDI two or three times higher in PPIs users than 
in nonusers. Moreover, the United States Food and 
Drug Administration (FDA) informed the public about 
a possible correlation between PPIs use and CDI[115]. 
Still, other studies and meta-analyses have failed to 
associate PPIs use with the development of CDI[11,27,34,3

8,40-43,116-123]. It should be mentioned that PPIs continue 
to be among the most used drugs despite the above 
mentioned concerns about long-term side effects. 
Furthermore, beside a marked overuse of PPIs, over 
half of prescriptions are for non-indicated reasons[29]. 
One study reported that 60.7% of patients with CDI 
used PPIs, of whom only 47.1% had an evidence-based 
indication[30]. 

The aim of this systematic review and meta-analysis 
is to summarize data on the association between PPIs 
use and the risk of CDI as presented in the published 
studies.

MATERIALS AND METHODS
Information sources
A systematic literature search was independently 
conducted by four study investigators (Girleanu I, 
Stoica OC, Singeap AM and Chiriac SA) using a variety 
of databases including MEDLINE/PubMed, Web of 
Science (ISI Web of Knowledge), Scopus, EMBASE, 
Science Direct, Cumulative Index to Nursing and 
Allied Health Literature (CINAHL), Excerpta Medica 
Database, and Cochrane Library, from January 1990 
(the first PPI received FDA approval in 1989) to 
March 2017. The database searches were performed 
using the following medical subject heading (MeSH) 
terms: “proton pump inhibitors”, “acid suppressive 
therapy”, “omeprazole”, “pantoprazole”, “lansoprazole”, 
“rabeprazole”, “esomeprazole”, combined with “C. 
difficile infection”, “C. difficile-associated diarrhea”, 
“pseudomembranous colitis”. Reference lists of all 

retrieved papers were hand-searched to identify any 
additional studies that may have been missed in the 
computed-assisted literature search. The investigation 
was limited to studies performed in adult human 
beings, written and published in English, French, and 
German, in any geographic region. 

Inclusion and exclusion criteria
Selection of the studies.Inclusion and exclusion criteria 
were established a priori by two authors (Trifan A and 
Stanciu C). First, duplicate citations were identified and 
removed, then three of us (Ciobica A, Maxim R and 
Singeap AM) independently reviewed the titles and 
abstracts of the studies and excluded those which did 
not answer the search question. Adult case-control and 
cohort studies providing information on the association 
between PPI therapy and the development of CDI 
were included. Studies conducted on pediatric patients, 
systematic reviews and meta-analyses, consensus 
documents, studies using PPIs simultaneously with H2 
receptor antagonists (H2RA) or reporting exclusively on 
H2RA, case reports, editorials, protocols, and studies 
presented only as abstracts were excluded. There was 
no restriction related to the type of PPI regimen or 
diagnostic methods of CDI. Any disagreements about 
study inclusion were resolved in consensus with a third 
author (Stanciu C or Trifan A) after the full-text of the 
potential study had been reviewed; all eligible studies 
were assessed in full. They were subsequently included 
in this meta-analysis only if reported odds ratios (ORs) 
or risk ratios (RRs) for (adjusted or unadjusted) case-
control and cohort studies, respectively, or data for 
their calculation were available.

Data extraction
Extracted data were cross-checked independently 
by four authors (Girleanu I, Stoica OC, Chiriac SA 
and Ciobica A) from each included study using a 
standardized data extracting sheet which included 
the last name of first author, journal and year of 
publication, country where the study was carried out, 
study design, sample size, age (mean or median) 
and gender distribution of patients, duration of the 
PPI treatment, effect estimates ORs or RRs, and 95% 
confidence intervals (CIs) of PPI exposure with and 
without adjustment for confounding variables. Any 
disagreement between reviewers was resolved in 
consensus with a third reviewer (Stanciu C or Trifan A). 

Study quality assessment 	
Assessment of study quality was made independently 
by two authors (Boiculese L and Girleanu I) using 
the Newcastle-Ottawa Quality Assessment Scale 
(NOS; ranging 0-9)[124] as recommended by the 
Cochrane Handbook for Systematic Reviews of 
Interventions[125]. The NOS comprises three domains: 
selection, comparability, and outcome for cohort studies 
or exposure for case-control studies. A maximum of 
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Department of Medical Informatics and Biostatistics.

RESULTS
Search results
The initial online databases search identified 944 
studies and 12 more were found from the reference 
lists of the articles retrieved. After reviewing all titles 
and abstracts, 216 studies were selected for full-text 
review, from which 56 studies were found to fulfill the 
inclusion criteria and were included in meta-analysis. 
Five of the 56 studies were published after the last 
meta-analysis (Figure 1). 

Characteristics of included studies 
The characteristics of the included studies are shown 
in Table 1. Of the included 56 studies, 40 (71.4%) 
were case-control, and 16 (28.6%) cohort studies, 
addressed to hospital-acquired (n = 43), community-
acquired (n = 6), and both hospital and community-
acquired CDI (n = 7). Most of the studies (n = 31) 
were single-center. The size of the study population 
ranged from 40 to 101796. In total, 356683 subjects 
were included, most of them from North-American and 
European studies (n = 46). 

Quality assessment
The median value of NOS quality assessment was 
7, with a mean 6.67 ± 0.74, range 6-8. In studies 
reporting gender, the proportion of men ranged from 
47% to 67%, and from those that reported the age, 
the average age ranged between 18 and 82.2 years. 
Thirty-eight studies identified confounding factors (sex, 
age, antibiotic use, comorbidities) used for adjustment 
of the association between PPI therapy and risk of CDI. 
The majority of the studies were retrospective (85.7%) 
and only 8 were prospective (14.3%). None of the 
studies was randomized. 

Meta-analysis 
Meta-analysis of all studies combined. The results of 
pooled analysis for all 56 studies showed a significant 
association between PPI therapy and the risk of CDI 
as compared with non-PPI users (OR = 1.99, CI: 
1.73-2.30, P < 0.001) (Figure 2). There was significant 
heterogeneity of effects across studies (I2 = 85.41%; 
P < 0.001). 

Subgroup analyses of case-control and cohort 
studies also showed a significant higher risk of CDI 
with PPI use (Table 2). There was no significant 
difference of effects between cohort and case-control 
studies (P = 0.931). The pooled OR for the cohort 
studies was 1.98 similar to OR for case-control that 
was 2.0.

The association remained also significant after 
limiting meta-analysis to studies with both adjusted 
(OR = 1.95, CI: 1.67-2.27, P < 0.001) and unadjusted 

four stars were awarded for selection, two stars for 
comparability, and three stars for exposure/outcome. 
Studies with cumulative score ≥ 7 were considered 
high quality, 6 stars to be of moderate quality, and less 
than 6 stars to be of low quality. When disagreement, 
after discussion with the third author (Trifan A or 
Stanciu C) a consensus was reached. The final analysis 
included 56 high and moderate quality studies.

As none of the studies was randomized, and all 
were observational (case-control and cohort), the 
methods used in our systematic review and meta-
analysis followed the MOOSE (Meta-Analysis of 
Observational Studies in Epidemiology) criteria[126].

Statistical analysis
Meta-analyses were performed both for all studies 
together and separately for case-control and cohort 
studies using DerSimonian and Laird[127] random effects 
model due to expected heterogeneity between studies. 
Our primary analysis focused on the association 
between PPIs therapy and the risk for developing 
CDI and because all of PPIs have similar efficacy we 
have not performed meta-analyses stratified by type 
of PPIs. The results are reported as pooled ORs with 
95%CIs for primary and subgroup analyses. 

Heterogeneity between studies was assessed 
by I2 statistic and Cochran’s Q-statistic. The level of 
heterogeneity was considered as high when I2 > 75% 
or P < 0.10 for the Q statistic[128]. I2 values between 
61%-75%, 30%-60%, and < 30% were considered 
to represent substantial, moderate and low level 
of heterogeneity, respectively[129]. Seven potential 
confounders were considered: study design, effect 
estimate (adjusted vs unadjusted), setting (community 
vs inpatient), number of centers (single center vs 
multicenter), age, study quality, and geographical 
region. 

Publication bias was assessed quantitatively using 
Egger’s regression asymmetry test[130] and a P < 0.1 
was considered statistically significant for asymmetry, 
and qualitatively by visual inspection of funnel plots 
of the logarithmic OR vs their standard errors[131]. 
Asymmetrical funnel plots were regarded to indicate 
high risk of publication bias. 

Number needed to harm (NNH) estimates the 
number of patients needed to be treated with PPI 
for one additional person to have a CDI, and was 
calculated using the pooled OR (95%CI) from the 
meta-analysis and Patient Expected Event Rate 
(1.67%)[120]. 

All statistical tests were two tailed, and results 
associated with P < 0.05 (except for heterogeneity 
and publication bias) were considered significant. 
All analyses were performed using R version 3.2.3 
software for the metaphor package 1.9-8, which 
provides a comprehensive collection of validated 
functions[132]. The statistical analyses of this study 
were performed by an expert in biostatistics from 
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data (OR = 2.02, CI: 1.41-2.91, P < 0.001). There 
was also no significant difference of effects between 
adjusted and unadjusted studies (P = 0.856).

PPIs use was found to be associated with an 
increased risk of CDI in both single-center studies (OR 
= 2.18, 95%CI: 1.72-2.75) and multicenter studies 
(OR = 1.82, 95%CI: 1.51-2.19).

There was no significant difference between 
inpatients and outpatients regarding CDI risk (P = 
0.868). For both inpatients and outpatients the PPIs 
use almost doubled the risk of CDI (OR = 1.95, OR = 
2.10, respectively).

When grouped by region, a direct association was 
found in the European group (OR = 1.78, 95%CI: 
1.35-2.34), the North American group (OR = 2.00, 
95%CI: 1.67-2.40), while the highest risk of CDI after 
PPI treatment was demonstrated in the Asian group 
(OR = 2.31, 95%CI: 1.96-2.72). 

The subgroup of high-quality studies (NOS ≥ 7) 
showed a direct association (OR = 1.88, 95%CI: 

1.55-2.28) between PPIs and risk of CDI, and this 
association was also significant in the medium-quality 
group (OR = 2.11, 95%CI: 1.69-2.62), with no 
difference between the two groups (P = 0.441).

There was no statistical difference regarding the 
risk for CDI for elderly (≥ 65 years) compared with 
younger group (< 65 years) (P = 0.860).

Publication bias
We have drawn the funnel plot for 3 levels of confidence 
interval (90%, 95% and 99% corresponding to shades 
white, gray and dark gray) (Figure 3). The Egger’s test 
of asymmetry proved no significance (Z = 0.3699, P = 
0.711).

Number needed to harm	
Based on reported incidence of CDI (at 14 d after 
hospital admission) of 1.67% in patients who have not 
used PPI, we estimate a NNH of 63 (95%CI: 48-78), if 
these patients will receive PPIs. 

Records identified through
database searching

(n  = 944)

Additional records identified
through other sources

(n  = 12)

Records after duplicates removed
(n  = 946)

Records after screened
(n  = 755)

Full-text articles assessed
for eligibility
(n  = 216)

Records excluded
(n  = 191)

Full-text articles excluded
with reasons

(n  = 160)

Studies included in
qualitative synthesis

(n  = 56)

Studies included in
quantitative synthesis

(meta-analysis)
(n  = 56)
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Figure 1  Study selection process.
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Author, yr Region Study design Centers Setting Sample size, 
n

Mean 
age, yr

Identified
confounders

OR (95%CI)

Akhtar et al 
Shaheen[91], 2007

America Case-control Unicenter Inpatient 1290 Adjusted for age, sex, comorbidities 
, antibiotics, chemotherapy

2.1 (1.6-2.7)

Al-Tureihi et al[19], 
2005

America Case-control Unicenter Inpatient     53 Adjusted for age, antibiotics 3.1 (1.0-9.7)

Aseeri et al[23], 2008 America Case-control Unicenter Inpatient   188 Adjusted for admission date, sex, 
age group,

antibiotic use, patient location, and 
room type

4.4 (2.3-8.2)

Bajaj et al[133], 2010 America Case-control Multicenter Mixt   162 Adjusted for antibiotics, PPI 37.6 (6.2-227.6)
Barletta et al[92], 2014 Asia Case-control Unicenter Inpatient   408 Adjusted for PPI exposure, 

antibiotics, immunosuppression
2.1 (1.2-3.8)

Baxter et al[93], 2008 America Case-control Multicenter Inpatient 4493 Adjusted for antibiotics, age, 
hospital stay, other infections

1.2 (1.0-1.4)

Beaulieu et al[27], 2007 Cohort Unicenter Inpatient   827 Adjusted for age, sex, length of stay, 
comorbidities,

1.3 (0.9-2.0)

APACHE score, NGT feeding, 
tracheal tube

placement, antibiotics
Branch et al[94], 2007 America Case-control Unicenter Inpatient   787 66.02 No 13.0 (7.5-22.7)
Buendgens et al[95], 
2014

Europe Case-control Multicenter Inpatient 3286 Adjusted for age, sex, antibiotics, 
comorbidities, other treatment

3.1 (1.1-8.7)

Campbell et al[38], 2013 America Case-control Unicenter Inpatient     96 Adjusted for antibiotics, 
hospitalization

2.2 (0.6-8.0)

Cunningham et al[96], 
2003

Europe Case-control Unicenter Inpatient   320 Adjusted for antibiotics and 
chemotherapy

2.5 (1.5-4.1)

Dalton et al[22], 2009 America Cohort Multicenter Inpatient 14719 74.7 Adjusted for number of medication 
groups,

1.9 (1.4-2.7)

antibiotic days, age, length of stay, 
medical

service, PPI days
Debast et al[116], 2009 Europe Case-control Unicenter Inpatient    154 Adjusted for age, hospital stay, 

comorbidities, antibiotics
1.1 (0.5-2.4)

Dial et al[26], 2004 
(case-control)

America Case-control Multicenter Inpatient    188 Adjusted for age, antibiotics 2.6 (1.3-5.0)

Dial et al[26], 2004 
(cohort)

America Cohort Multicenter Inpatient  1187 Adjusted for age, antibiotics 2.1 (1.2-3.5)

Dial et al[98], 2005 Europe Case-control Multicenter Outpatient 13563 Adjusted for age, sex, antibiotics 2.9 (2.4-3.5)

Dial et al[97], 2006 Europe Case-control Multicenter Outpatient 3484 Adjusted for PPI and antibiotics 3.5 (2.3-5.3)
Dial et al[134], 2008 America Case-control Multicenter Outpatient 9196 79.8 Adjusted for age, sex, antibiotics,

comorbidities, physician visits, 
hospital admissions, length of stay

1.6 (1.3-1.9)

Dubberke et al[99], 2007 America Cohort Unicenter Inpatient 36086 Adjusted for age, admissions, 
antibiotics, albumin level, 

leukemia/lymphoma,
mechanical ventilation, antimotility

agents

1.6 (1.3-2.1)

Elseviers et al[100], 2015 Europe Case-control Multicenter Inpatient    743 71.9 Adjusted for age, co-morbidity, 
endoscopic procedures

1.9 (1.1-3.4)

Faleck et al[42], 2016 America Cohort Unicenter Inpatient 11230 66 Adjusted for age, sex, antibiotics, 0.6 (0.4-0.8)
comorbidities, length of stay

Garzotto et al[43], 2015 Europe Case-control Multicenter Inpatient     225 No 0.4 (0.2-0.8)
Hebbard et al[135], 2017 Asia Case-control Unicenter Inpatient    200 59.7 Adjusted for age, chemotherapy, 

abdominal surgery, antibiotics
2.4 (1.0-5.7)

Hensgens et al[117], 
2011

Europe Case-control Unicenter Inpatient    169 Adjusted for age, co-morbidity, 
antibiotics, ICU stay

1.1 (0.5-2.5)

Howell et al[136], 2010 America Cohort Unicenter Inpatient 101796 65.4 Adjusted for age, comorbidities, 
antibiotics

1.7 (1.3-2.1)

Ingle et al[40], 2011 Asia Cohort Unicenter Mixt       99 47 Adjusted for immunosuppression 1.8 (0.4-7.4)
Ingle et al[118], 2013 Asia Case-control Unicenter Community     150 45.3 no 2.3 (0.6-9.2)

Jayatilaka et al[101], 
2007

America Case-control Unicenter Inpatient     366 Adjusted for PPI 2.7 (1.6-4.8)

Table 1  Characteristics of studies included in the meta-analysis
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DISCUSSION
This systematic review and meta-analysis 
wh i c h  i n c l ude s  56  s t ud i e s  and  356683 
subjects[2,3,11,19,22-27,34,38-43,91-112,116-123,133-140] found a signi-
ficant association between PPI therapy and the risk for 
CDI development. Both the overall pooled estimates 
(OR = 1.99, CI: 1.73-2.30, P < 0.001) and subgroup 
analyses showed a significant increased risk for CDI in 
patients on PPI therapy compared to nonusers, despite 
substantial statistical heterogeneity among studies and 
evidence of publication bias. Thus, in line with previous 
meta-analyses, our results add further evidence to 

PPIs use as a risk factor for development of CDI [85-89].
Since 2001, when Yip et al[140] first suggested a 

possible association between PPIs use and the risk 
of CDI, other studies, systematic reviews, and meta-
analyses have reported such an association. It should 
be mentioned that a decade earlier (1993), Walker 
et al[141] suggested that the H2RAs therapy was a 
potential risk factor for CDI. In an earlier systematic 
review which included 11 studies with 126999 
patients, Leonard et al[113] reported a significant 
association between PPI therapy and CDI (OR = 2.05, 
95%CI: 1.47-2.85) although there was significant 
heterogeneity among the studies (χ 2 = 50.9, P < 

Kazakova et al[102], 
2006

America Case-control Unicenter Mixt     195 Adjusted for antibiotics, PPI, length 
of stay,

5.0 (1.3-19.3)

psychosis, depression
Khan et al[39], 2012 Asia Cohort Unicenter Inpatient      123 Adjusted for surgery, PPI, 

antibiotics, hospitalization,
3.2 (1.2-8.5)

Underlying debilitating conditions
Khanafer et al[119], 2013 Europe Cohort Unicenter Inpatient       40 2.5 (0.6-9.6)
Kuntz et al[2], 2011 America Case-control Unicenter Mixt    3344 no 2.3 (1.5-3.3)
Kurti et al[3], 2015 Europe Case-control Multicenter Inpatient     979 72.4 Adjusted for antibiotics, PPI, length 

of stay,
1.6 (1.1-2.2)

Kutty et al[41], 2010 America Case-control Multicenter Outpatient     144 62 No 1.7 (0.7-4.0)
Lewis et al[103], 2016 America Cohort Unicenter Inpatient 41663 No 6.4 (3.6-11.5)
Lin et al[137], 2013 Asia Case-control Multicenter Inpatient       86 59 Age, sex, unit, 10.1 (1.2-87.4)

antibiotics,
length of stay

Linney et al[24], 2010 America Case-control Unicenter Inpatient     284 Age, sex, discharge date and 
hospital unit,

2.4 (1.4-4.3)

antibiotics, diabetes mellitus, IBD, 
cancer,

enteral feeding, length of stay
Loo et al[120], 2005 America Case-control Multicenter Inpatient     474 no 1.0 (0.7-1.4)
Loo et al[138], 2011 America Cohort Multicenter Inpatient   4143 67.4 Adjusted for age, PPI, antibiotics, 

chemotherapy
2.6 (1.7-4.0)

Lowe et al[121], 2006 America Case-control Multicenter Inpatient 13692 78.7 Adjusted for antibiotics, other 
medications, and

0.9 (0.7-1.0)

comorbidities
McFarland et al[122], 
2007

America Case-control Multicenter Mixt     368 No 0.8 (0.5-1.4)

Mizui et al[104], 2013 Asia Case-control Multicenter Inpatient    2716 71.7 No 3.2 (1.4-7.3)
Modena et al[105], 2005 America Case-control Unicenter Inpatient     250 Adjusted for macrolides, ICU, 

length of stay, infections
3.3 (1.6-6.8)

Mori et al[123], 2015 Asia Case-control Unicenter Outpatient       78 58.2 No 0.4 (0.1-2.0)
Muto et al[106], 2005 America Case-control Multicenter Inpatient     406 Adjusted for PPI, antibiotics, 

diabetes mellitus, organ 
transplantation

2.4 (1.3-4.4)

Pakyz et al[107], 2014 America Case-control Multicenter Inpatient 14164 No 1.4 (1.3-1.5)
Peled et al[108], 2007 America Cohort Unicenter Inpatient     217 Adjusted for PPI, low albumin level, 3.7 (1.5-9.3)
Pepin et al[11], 2005 America Cohort Unicenter Inpatient   5619 Adjusted for age, length of stay, 

antibiotics
1.0 (0.7-1.2)

Ro et al[139], 2016 Asia Cohort Unicenter Inpatient   1005 64.8 Adjusted for age, antibiotics, 
comorbidities

3.3 (1.5-7.2)

Roughead et al[109], 
2016

Asia Cohort Multicenter Mixt 54957 Adjusted for antibiotics, PPI, length 
of stay,

2.4 (1.9-3.1)

Shah et al[34], 2000 Europe Case-control Unicenter Inpatient     252 No 0.8 (0.4-1.5)
Southern et al[110], 2010 Europe Cohort Multicenter Inpatient    3904 65.5 No 2.3 (1.1-4.5)
Vesteinsdottir et al[111], 
2012

Europe Case-control Multicenter Mixt     333 No 1.6 (1.0-2.6)

Yang et al[112], 2011 Asia Case-control Multicenter Inpatient   1420  67.12 No 1.9 (1.3-2.7)
Yearsley et al[25], 2006 Europe Case-control Unicenter Inpatient     308 79.1 Adjusted for PPI, antibiotics, female 

sex
1.9 (1.1-3.2)

Yip et al[140], 2001 America Case-control Unicenter Inpatient      54 No 3.0 (0.8-11.1)

CI: Confidence interval; IBD: Inflammatory bowel disease; ICU: Intensive care unit; PPI: Proton pump inhibitor; NGT: Naso-gastric tube; OR: Odds ratio. 
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0.0001). During the last years, six meta-analyses have 
been published on this topic, and all reported a positive 

association between PPIs use and the risk for CDI. 
Thus, Janarthanan et al[88] in a meta-analysis including 

RE Model   Study                          Participants                                                   Weight                      OR [ 95%CI]

1. Akntar and Shaheen, 2007          1290                                                           2.54%                      2.13 [1.68, 2.70]
2. AI-Tureihi et al , 2005                      53                                                           1.01%                      3.17 [1.03, 9.76]
3. Aseeri et al , 2008                         188                                                           1.78%                      4.42 [2.36, 8.28]
4. Bajaj et al , 2010                           162                                                           0.51%                      37.60 [6.22, 227.29]
5. Barletta et al , 2014                       408                                                           1.93%                      2.19 [1.26, 3.81]
6. Baxter et al , 2008                       4493                                                           2.62%                      1.23 [1.03, 1.47]
7. Beaulieu et al , 2007                      827                                                           2.26%                      1.39 [0.94, 2.06]
8. Branch et al , 2007                        787                                                           1.94%                      13.08 [7.53, 22.72]
9. Buendgens et al , 2014                3286                                                           1.12%                      3.11 [1.11, 8.71]
10. Campbell et al , 2013                    96                                                            0.83%                      2.20 [0.60, 8.07]
11.Cunningham et al , 2003               320                                                           2.02%                       2.50 [1.50, 4.17]
12. Dalton et al , 2009                   14719                                                           2.39%                       1.96 [1.42, 2.17]
13. Debast et al , 2009                      154                                                           1.49%                       1.10 [0.50, 2.42]
14. Dial et al , 2004 (case-control)      188                                                           1.70%                       2.60 [1.33, 5.08]
15.Dial et al , 2004 (cohort)             1187                                                           1.97%                       2.10 [1.23, 3.59]
16. Dial et al , 2005                       13563                                                           2.60%                       2.90 [2.40, 3.50]
17. Dial et al , 2006                         3487                                                           2.21%                       3.50 [2.30, 5.33]
18. Dial et al , 2008                         9196                                                           2.58%                       1.60 [1.30, 1.97]
19. Dubberke et al , 2007               36088                                                           2.58%                       1.98 [1.15, 3.41]
20. Elseviers et al , 2015                    743                                                           1.95%                       1.98 [1.15, 3.41]
21. Faleck D et al , 2016                 11230                                                           2.46%                       0.64 [0.48, 0.85]
22. Garzotto et al , 2015                    225                                                           1.53%                       0.43 [0.20, 0.92]
23. Hebbard et al , 2017                    200                                                           1.38%                       2.46 [1.05, 5.76] 
24. Hensgens et al , 2011                  169                                                           1.46%                       1.14 [0.51, 2.55]
25. Howell et al , 2010                 101796                                                           2.56%                       1.74 [1.39, 2.18]
26. Ingle et al , 2011                          99                                                            0.74%                      1.84 [0.45, 7.52]
27. Ingle et al , 2013                         150                                                           0.77%                       2.37 [0.60, 9.36] 
28. Jay atilaka et al , 2007                 366                                                           2.02%                       2.75 [1.65, 4.58]
29. Kazakova et al , 2006                   195                                                           0.79%                       5.02 [1.30, 19.38] 
30. Khan et al , 2012                         123                                                           1.19%                       3.22 [1.21, 8.57]
31. Khanafer et al , 2013                     40                                                           0.80%                       2.55 [0.67, 9.71]
32. Kuntz et al , 2011                      3344                                                           2.27%                       2.30 [1.56, 3.39]
33. Kurti et al , 2015                         979                                                           2.36%                       1.62 [1.15, 2.28]
34. Kutty et al , 2010                        144                                                           1.32%                       1.70 [0.70, 4.13]    
35. Lewis PO et al , 2016               41663                                                           1.89%                       6.46 [3.63, 11.50]   
36. Lin et al , 2013                             86                                                           0.38%                       10.10 [1.20, 85.01]  
37. Linney et al , 2010                       284                                                          1.96%                        2.40 [1.40, 4.11]     
38. Loo et al , 2005                           474                                                          2.32%                        1.02 [0.71, 1.47]           
39. Loo et al , 2011                         4143                                                          2.18%                        2.64 [1.71, 4.08]    
40. Lowe et al , 2006                     13692                                                          2.64%                        0.90 [0.77, 1.05] 
41. McFarland et al , 2007                 368                                                           2.00%                        0.84 [0.50, 1.41]    
42. Mizui et al , 2013                       2716                                                          1.43%                        3.22 [1.42, 7.32]         
43. Modena et al , 2005                     250                                                          1.63%                        3.36 [1.66, 6.80]  
44. Mori et al , 2015                           78                                                           0.74%                        0.49 [0.12, 2.00]  
45. Muto et al , 2005                         406                                                          1.81%                        2.40 [1.30, 4.43]     
46. Pakyz et al , 2014                    14164                                                           2.64%                       1.43 [1.30, 1.57]        
47. Peled et al , 2007                         217                                                          2.70%                       3.76 [1.52, 9.30] 
48. Pepin et al , 2005                       5619                                                          1.30%                       1.00 [0.79, 1.27]  
49. Ro Y et al , 2016                       1005                                                           1.49%                       3.30 [1.50, 7.26]  
50. Roughead E et al , 2010           54957                                                           2.54%                       2.40 [1.90, 3.03]  
51. Shah et al , 2000                         252                                                          1.83%                        0.86 [0.47, 1.57]        
52 Southern et al , 2010                  3904                                                           1.69%                       2.32 [1.18, 4.56]          
53. Vestinsdottir et al , 2012               333                                                          2.13%                       1.69 [1.07, 2.67]    
54 Yang et al , 2014                        1420                                                           2.32%                       1.92 [1.34, 2.75]   
55. Yearsley et al , 2006                    308                                                           1.95%                       1.90 [1.10, 3.28]      
56. Yip C et al , 2001                          54                                                           0.82%                       3.00 [0.81, 11.11] 

RE model                                                                                                     100.00%                      1.99 [1.73, 2.30]

0.0        0.1        1.0         7.4      54.6      403.4

Odd ratio (log axis)

Figure 2  Forest plot of the meta-analysis.
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23 observational studies with nearly 300000 patients 
found a 65% increase in the incidence of CDI among 
PPIs users with an estimated risk of 1.69 and 95%CI 
from 1.395 to 1.974. In another meta-analysis (30 
studies, 202965 patients), Desphande et al[85] reported 
that PPI therapy was associated with a 2-fold increase 
in risk for CDI, but their study is limited by unadjusted 
risk estimates. Recently, the same team[90] performed 
a meta-analysis examining the relationship between 
PPI therapy and the risk for recurrent CDI, and found 
a positive association with the pooled risk ratio of 1.58 
(95%CI: 1.13-2.21). A third meta-analysis by Kwok 
et al[87] including 42 studies (313000 participants) also 
found a statistically significant association between 
PPIs use and the risk for CDI compared with nonusers 
(OR = 2.51; 95%CI: 1.47-2.85; P = 0.05). Tleyjeh 
et al[86] in a systematic review and meta-analysis 
including 51 observational studies (37 case-control 
and 14 cohort) examining healthcare and community-
associated CDI, found a very low quality evidence 
for an association between PPI therapy and CDI 
not supporting a cause-effect relationship. Authors 
reported a pooled OR of 1.65 (95%CI: 1.47-1.85) with 
evidence of publication bias and significant statistical 
heterogeneity among the studies (I2 = 89.9%). More 
recently, Arriola et al[89] suggest, in a meta-analysis 
including only inpatients, that PPIs use significantly 
increases the risk of hospital-acquired CDI (OR = 1.81). 
Bavishi et al[114] in a systematic review regarding 
the use of PPI and increased susceptibility to enteric 
infection found 27 studies evaluating an association 
between PPI therapy and the risk of CDI, 17 of which 

reported a significant association. Based on an analysis 
of 28 studies, US FDA issued a warning on the risk of 
CDI with PPIs use[115], and similar warnings are found 
in CDI treatment guidelines[142].

Several studies reported that PPIs use is also a 
risk factor for community-acquired CDI. Dial et al[26], 
in a study including over 1000 cases of community-
acquired CDI, found that patients who had received 
PPIs within the previous 90 d had a nearly 3-fold 
increased risk for CDI. A similar result was reported 
by Kutty et al[41] who found a 2-3-fold increased for 
community-acquired CDI in patients treated with 
PPIs within the previous 6 mo. Marwick et al[143] in 
a study including patients aged 65 years or older 
identified all cases of community-acquired CDI 
and found that patients prescribed PPIs within the 
previous 6 mo had a 1.7-fold increased risk for CDI 
compared to matched controls. A study assessing 
the epidemiology of community-acquired CDI found 
rates of PPI use of nearly 30% among patients with 
this infection compared to less than 3% in the general 
population[144]. These results indicate a similar degree 
of association between PPIs use and CDI risk, be it 
community-acquired CDI or hospital-acquired CDI[145].

Nevertheless, the association between PPIs use and 
the risk for CDI remains to a certain extent controversial 
despite the results reported above, as several studies 
failed to find such an association[11,27,34,94,122]. Beaulieu 
et al[27] found that the use of gastric acid-suppression 
therapy does not predispose to development of CDI, 
while McFarland et al[122] reported no relation between 
CDI and the use of PPIs. Branch et al[94] found that 

Table 2  Subgroup analysis

Subgroup analysis No. of studies
(n  = 56)

ORs 95%CI Heterogeneity, I 2, % Heterogeneity between 
groups, P  value

Study design
   Case-control 40     2 1.68-2.38 85.54 0.931
   Cohort 16 1.98 1.51-2.59 85.99
Study type
   Adjusted 38 1.95 1.67-2.27 85.02 0.856
   Unadjusted 18 2.02 1.41-2.91 85.58
Centers
   Unicentric 31 2.18 1.72-2.75 83.99 0.241
   Multicentric 25 1.82 1.51-2.19 86.97
Type
   Inpatient 43 1.95 1.67-2.29 84.99 0.868
   Outpatient   6 2.1 1.36-3.24 84.84
   Mixt  7 2.19 1.39-3.45 76.77
Region
   Europe 14 1.78 1.35-2.34 74.33 0.231
   America 31     2 1.67-2.40 88.58
   Asia 11 2.31 1.96-2.72 89.18
Age
   Age < 65 yr   6 2.06 1.11-3.81 35.39 0.86
   Age ≥ 65 yr 13 1.93 1.40-2.68 92.11
NOS
   NOS ≥ 7 26 1.88 1.55-2.28 87.65 0.441
   NOS < 7 30 2.11 1.69-2.62 81.98

CI: Confidence interval; NOS: Newcastle-Ottawa Quality Assessment Scale; ORs: Odds ratio. 
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PPI use did not increase the incidence of CDI in 
hospitalized patients.

The mechanism by which PPI therapy contributes 
to an increased risk of CDI is unclear. It has been 
proposed that a vegetative form of C. difficile survives 
in conditions of gastric pH greater than 4[114]-the 
threshold for enteric infections acquisition, including 
C. difficile. Howell et al[136] reported that the risk of 
nosocomial CDI rose with increasing levels of acid 
suppression. Hegarty et al[146] reported that PPI 
therapy decreased the expression of genes holding an 
important role in colonocyte integrity, thus favoring 
the development of CDI. Other studies show that 
long-term use of PPIs decreases microbial diversity, a 
condition found in patients with CDI[147]. 

As we have already mentioned, our subgroup 
analyses also showed an increased risk for CDI. 
There were no significant differences of effects 
between cohort and case-control studies, adjusted 
and unadjusted data, single-center and multicenter 
studies, hospitalized-and community-acquired CDI or 
among geographic regions. Advanced age is a well-
known risk factor for CDI. To our surprise, we found no 
increased risk of CDI in elderly patients (≥ 65 years) 
using PPIs compared with youngers (OR = 1.93 vs 
OR = 2.06, P = 0.860). A possible explanation is that 
many of such patients may have atrophic gastritis with 
low gastric acid output[148] and PPIs use cannot further 
lower gastric acid secretion, without any additional risk 
of CDI[32].

As data regarding the association between 
PPI therapy and risk of CDI are supported only 
by observational studies, a final estimation of the 
real risk is not possible. It should be mentioned 
that randomized placebo-controlled clinical trials 
evaluating the association of PPIs use and the risk 
for CDI are ethically unfeasible and therefore, such 
studies could not be performed in the future. Thus, a 
weak association between PPI therapy and CDI does 
not confirm causality and could be the result of bias 
and uncontrolled confounding (e.g., comorbidities, 
comedication use, etc.) which were lacking in most 
studies. 

Our meta-analysis has some strengths such as the 

largest number of studies published to date, adjusted 
effect estimates concerning the association between 
PPI use and the risk of CDI, and subgroup analyses 
based on age, region, type, design and quality of the 
study. However, it also has several limitations: the 
included studies were observational, influenced by 
confounding variables despite statistical adjustment, 
the significant heterogeneity among most of them and 
lack of information regarding the dose and duration of 
PPI use as well as patient compliance to PPI therapy. 

Although the above presented data from several 
meta-analyses and many studies demonstrated an 
association between PPI therapy and the risk for 
development of CDI, PPIs continue to be overused 
even in patients who are at high risk of CDI, because 
they are still considered “safe” drugs by most 
physicians. There is evidence that over half of PPI 
users who developed CDI had no valid indications for 
such therapy[25]. While in many countries PPIs are 
now totally available as over-the-counter medication, 
clinicians should inform their patients about the risk of 
CDI when PPIs are used on the long-term and without 
valid indication. 

In spite of the aforementioned limitations of our 
and several other meta-analyses, clinicians should 
be aware of the risk of CDI when prescribing long-
term PPI therapy, particularly in patients at high risk 
(e.g., hospitalized patients on antibiotics). It should 
be underlined that PPIs remain, on the whole, a safe 
group of drugs[149], providing enormous benefits 
when prescribed for well-established indications. 
Unfortunately, many prescriptions fall outside accepted 
indications[90].

In conclusion, this systematic review and meta-
analysis provides further evidence that PPI use 
significantly increases the risk for developing CDI, 
despite the substantial heterogeneity and publication 
bias present among studies. Due to the fact that all the 
studies included in our analysis are observational and 
cannot confirm causality, further large, high quality, 
prospective studies are needed to assess the association 
between PPI use and the risk of CDI. 
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Proton pump inhibitors (PPIs) are among the most widely prescribed agents 
by gastroenterologists because of their high efficacy and excellent safety 
profile. However, more recently, concerns have been raised about association 
between PPI therapy and several potentially serious adverse events including 
Clostridium	difficile	 (C.	difficile) infection (CDI). This systematic review and 
meta-analysis explored the existing evidence regarding the association of PPI 
therapy and CDI.
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Many observational studies and meta-analyses have reported conflicting results 
regarding the association between PPI therapy and the risk for CDI. 
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of studies published to date, provides further evidence that PPI therapy is 
associated with an increased risk for development of CDI. Because all the 
studies analyzed were observational, with inherent limitations, the causality 
could not be confirmed.

Applications
Although our systematic review and meta-analysis, in line with previous studies 
and meta-analyses, reported an association between PPI therapy and the 
risk for development of CDI, such association remains controversial and a 
final estimation of the real risk has not been established. Further high-quality, 
prospective studies are needed to assess whether this association is causal. 
Until then, clinicians should be aware that long-term PPI therapy may be 
associated with the risk of CDI, and prescribe the PPIs in the lowest effective 
dose only to patients with a clear indication.

Terminology
PPIs are a group of potent inhibitors of gastric acid secretion. CDI is a 
symptomatic infection due to the spore-forming bacterium C. difficile.

Peer-review
This manuscript is an interesting, informative and well-presented meta-analysis 
on PPI therapy and risk of C. difficile infection.
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Abstract
Since its introduction into clinical practice 15 years 
ago, capsule endoscopy (CE) has become the first-line 
investigation procedure in some small bowel pathologies, 
and more recently, dedicated esophageal and colon 
CE have expanded the fields of application to include 
the upper and lower gastrointestinal disorders. During 
this time, CE has become increasingly popular among 
gastroenterologists, with more than 2 million capsule 
examinations performed worldwide, and nearly 3000 
PubMed-listed studies on its different aspects published. 
This huge interest in CE may be explained by its non-
invasive nature, patient comfort, safety, and access 
to anatomical regions unattainable via  conventional 
endoscopy. However, CE has several limitations which 
impede its wider clinical applications, including the lack 
of therapeutic capabilities, inability to obtain biopsies 
and control its locomotion. Several research groups are 
currently working to overcome these limitations, while 
novel devices able to control capsule movement, obtain 
high quality images, insufflate the gut lumen, perform 
chromoendoscopy, biopsy of suspect lesions, or even 
deliver targeted drugs directly to specific sites are under 
development. Overlooking current limitations, especially 
as some of them have already been successfully 
surmounted, and based on the tremendous progress in 
technology, it is expected that, by the end of next 15 
years, CE able to perform both diagnostic and therapeutic 
procedures will remain the major form of digestive 
endoscopy. This review summarizes the literature that 
prognosticates about the future developments of CE.

Key words: Capsule endoscopy; Biopsy; Drug delivery 
systems; Capsule endoscope locomotion; Capsule 
localization 
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revolutionized direct endoscopic imaging of the gut. 
During this time, CE has gained tremendous popularity 
among gastroenterologists, and a vast research 
pertaining to its different aspects has been published. 
Dedicated esophageal and colon CE have expanded the 
field of application to upper and lower gastrointestinal 
disorders. However, besides its recognized advantages, 
CE also has several limitations such as the lack of 
therapeutic capabilities, the inability to obtain biopsies 
and control its locomotion. Active research is in 
progress to overcome the current limitations, while 
the latest advances in CE technology enable us to look 
forward to a next generation CE capable of performing 
both diagnostic and therapeutic procedures. This 
review summarizes the literature that prognosticates 
about the future of CE.

Singeap AM, Stanciu C, Trifan A. Capsule endoscopy: The road 
ahead. World J Gastroenterol 2016; 22(1): 369-378  Available 
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i1/369.
htm  DOI: http://dx.doi.org/10.3748/wjg.v22.i1.369

INTRODUCTION
Fifteen years have passed since small bowel capsule 
endoscopy (CE) was launched[1], revolutionizing 
noninvasive direct visualization of the small bowel, 
considered until then the “black box” of the gastro
intestinal (GI) tract. During this time, CE has been 
used extensively, with more than 2 million capsules 
swallowed worldwide[2] and nearly 3000 PubMed
listed studies pertaining to its different aspects 
published[3]. Technical progress led to the introduction 
of some updated versions (2nd and 3rd generations) 
of CE for the small bowel and the manufacturing of 
the CE designed for esophagus and colon. In just a 
few years, CE has evolved very rapidly, becoming an 
invaluable tool for examination of almost the entire 
GI tract, and its diagnostic achievements have by 
far exceeded early expectations. Still, CE is not an 
ideal tool, as it has several limitations, including the 
lack of therapeutic capabilities, inability to control 
its locomotion and thus, to revisualize critical areas 
and obtain biopsies. The objective of many research 
groups worldwide is to overcome these limitations 
and develop a new generation of CE with higher 
diagnostic yield and therapeutic capabilities. Of 
course, it is very difficult to predict the future in 
medicine, and would be for CE. However, based on 
the extraordinary developments seen in just 15 years 
since its emergence, and the tremendous progresses 
of modern technology, it can be anticipated that, 
by the end of next 15 years, the new generation of 
CE able to perform both diagnostic and therapeutic 
procedures in a noninvasive, painless, and elegant 
manner will remain the major form of digestive 

endoscopy, covering the entire GI tract from mouth 
to anus, as its inventors have dreamed. This review 
summarizes available literature that prognosticates 
about the future developments in CE.

BRIEF LOOK BACK AND THE CURRENT 
STATUS
The first model of CE called M2A (meaning “mouth 
to anus”) was launched in 2000 by Given Diagnostic 
Imaging, Yoqneam, Israel[4], and the merits for its 
design belonged, in a similar degree, to the Israeli 
engineer Gavriel Iddan and the British gastroenterologist 
Paul Swain[1,4]. A year later, M2A was approved for 
clinical use in Europe and the United States, and after 
the advent of esophageal CE, M2A changed its name 
into PillCam SB (meaning “small bowel”). Several 
other companies have also developed small bowel 
endoscopic capsules: EndoCapsule (Olympus Corp., 
Tokyo, Japan)[5], OMOM capsule (Jinshan Science and 
Technology Company, Chongqing, China)[6], Mirocam 
(IntroMedic Co., Seoul, South Korea)[7], and CapsoCam 
SV1 (CapsoVision, Saratoga, CA, United States)[8], 
all having many similar characteristics and diagnostic 
performances to PillCam SB, but differing with regard 
to image acquisition rate, field of view, battery life, 
dimensions, and technology for transmission of images. 
Given Imaging has also developed PillCam ESO and 
PillCam COLON for the evaluation of esophageal and 
colonic diseases, respectively[9,10]. Improvements in 
technology have led to the development of 2nd and 
3rd generation CEs which overcome some limitations 
of the 1st generation CE by increasing the view angle, 
extending the effective battery life, and including several 
others systems which offer superior image quality, 
tissue coverage, and interpretation efficiency[1113]. 

In only 15 years since the introduction of CE into 
clinical practice, its achievements have exceeded what 
was previously thought as possible. Thus, CE has 
revolutionized the evaluation of obscure gastrointes
tinal bleeding (OGIB) and unexplained iron deficiency 
anemia (IDA)[1315], becoming the firstline modality 
in the diagnosis of both. The role of CE in OGIB/IDA 
is supported mainly by its diagnostic performance, 
which is superior to other diagnostic modalities (push 
enteroscopy, intraoperative enteroscopy, small bowel 
barium radiography, CTenterography, CTangiography, 
MRenterography), as well as by its positive impact 
on patient management and outcome[14,1621]. When 
CE was compared to doubleballoon enteroscopy, a 
similar diagnostic accuracy for OGIB was reported[22]. 
CE examination leads to therapeutic endoscopic or 
surgical interventions and, consequently, to bleeding 
being stopped and outcomes improved[23,24].

Thanks to its capacity to directly visualize mucosa of 
the entire small bowel, CE has undoubtedly contributed 
substantially to progress in diagnosis, therapeutic 
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decision, and outcome in Crohn’s disease (CD). Reviews 
of existent literature on CE diagnostic yield, for both 
suspected and known small bowel CD, show it to be 
superior to other diagnostic techniques such as small 
bowel followthrough, enteroclysis, pushenteroscopy, 
ileocolonoscopy, and CTenterography[2527]. CE is 
superior to MRenterography in identifying small bowel 
mucosal lesions, while MRenterography is superior to 
CE in diagnosing mural and extraenteric lesions[28]. In 
patients with known CD, an important treatment goal 
is mucosal healing which can be reliably assessed by 
CE[2931]. 

CE has an 8fold magnification capacity and a 
minimum size of lesion detection of 0.10.2 mm, so 
that villi can be easily observed during a procedure; 
therefore, it may be a useful noninvasive diagnostic 
tool in patients with suspected or established celiac 
disease[32,33]. However, CE is actually an alternative 
to endoscopy with biopsy only in patients clinically 
suspected of celiac disease unable or unwilling to 
undergo conventional endoscopy.

CE has become the procedure of choice for 
detecting small bowel polyps in hereditary polyposis 
syndromes like PeutzJegher syndrome and familial 
adenomatous polyposis[34,35]. In addition, widespread 
use of CE has more than doubled the diagnosis rate in 
small bowel tumors[3641].

Esophageal capsule endoscopy, although at 3rd 
generation, has limited role in clinical practice and it 
is still under evaluation[42]. Colon capsule is also under 
evaluation, and is currently recommended in case of 
incomplete colonoscopy and in patients unwilling or 
unable to perform colonoscopy[43,44].

Limitations of current capsule endoscopy
Although CE has seen tremendous advances in a 
short period of time since its introduction in clinical 
practice, it has several limitations. Thus, CE remains a 
purely visual technique with no ability to obtain biopsy 
specimens or perform therapeutic maneuvers. The 
most obvious drawback is the operator’s inability to 
control its locomotion through GI tract. The capsules 
presently on the market are unable to localize or mark 
the location of detected lesions. Visualization may be 
impaired by the presence of food materials or bubbles 
and, in contrast with conventional endoscopy, CE 
cannot perform flushing, suctioning, or air insufflation 
to obtain better images. All capsules for clinical use 
are powered by limitedlife batteries which may be 
depleted before the examination is complete. The rate 
of missed lesions is still high for those located in the 
duodenum and proximal jejunum, where the transit 
is more rapid than in the distal segment of the small 
bowel. Reading time for interpretation is another 
shortcoming of CE, as it takes more than 1 h to read a 
full 8h examination. Finally, the costs are still high.

FUTURE EXPECTATIONS IN CAPSULE 
ENDOSCOPY
The future of CE is difficult to predict (“Prediction 
is very difficult, especially about the future”  Niels 
Bohr, Nobel Prize winner, 18851962), although novel 
technologies may lead to developments which today 
seem almost unimaginable. Improvements achieved 
in just 15 years since the introduction of CE in clinical 
practice go beyond what was previously thought as 
possible. GI endoscopy has had a similar history: 
initially limited only to viewing the esophagus/gastric 
lumen, it has improved progressively over a few 
decades, developing into an accurate diagnostic and 
therapeutic technique. CE also started as a tool for 
visualizing only the “black box” (small bowel) which 
has long been the final frontier of the GI endoscopy, 
and it evolved very rapidly to become a noninvasive 
endoscopic tool in the examination of almost the entire 
GI tract. 

Most likely, over the next 15 years, CE will slowly 
replace diagnostic standard endoscopy and take over 
most therapeutic procedures with no pain and no 
need for sedation. We know that several research 
groups throughout the world are working to develop 
new multifunctional capsules with diagnostic and 
therapeutic capabilities extending far beyond our 
imagination. What we do not yet know is whether the 
future CE will be “universal”, containing both diagnostic 
and therapeutic modules (an “ideal” CE)[45] or “specific”, 
for diagnosis or therapy[11].

Maneuverable capsules
In contrast to standard endoscopy, the movement of 
the current capsule endoscopes through the GI tract 
is passive, ensured by peristaltic motion, the operator 
being unable to control the endoscopic navigation (right 
and left, back and forth) in a given area. It is of the 
upmost importance to solving the CE’s maneuvering 
limitation so as to increase its diagnostic yield and 
allow targeted biopsy and even drug delivery. Besides 
enhancing diagnostic yield, a capsule whose locomotion 
can be controlled will reduce the amount of energy 
consumed, examination time, as well as the rate of 
capsule retention. Even more, an active control of the 
endoscopic capsule would allow us to examine the 
stomach, and finally, the entire GI tract[46].

Systems that can be used to propel or steer 
the capsule are under development. There are two 
locomotion systems: an internal one, integrated on
board the capsule, and an external one (outside the 
capsule), most frequently based on magnetic fields. 
Some proposed internal systems consist of leggedlike 
mechanisms (propellers/paddles) that can be deployed 
by the capsule to resist peristaltic movements, while 
the external locomotion systems usually use a capsule 
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with Molecular imaging and Optical biopsy) which 
designed to combine optical, nano, and maneuvering 
technologies in a new capsule with different diagnostic 
and therapeutic capabilities[64].

A videocapsule endoscope called Compact Photonic 
Explorer (CPE), measuring 5 mm in size, has been 
developed at the City University and City College of 
New York. It can be manipulated externally by remote 
controlled radio signal and may be used in the future 
for diagnostic and therapeutic means[65]. Recently, a 
mathematical model of an electrically propelled capsule 
endoscopy has been proposed, using double pairs 
of electrodes, and which is able to move the capsule 
forward and backward at a speed of 2.91 mm/s and 
2.23 mm/s, respectively[66].

To summarize, the development of propelled/
steerable capsules will represent a major advance 
of capsule technology, which will open a myriad of 
possibilities, including a more detailed evaluation of 
affected areas and prelevation of biopsy specimens, 
endoscopic targeted therapy, examination of the 
stomach, thus the entire GI tract becoming virtually as 
accessible as the skin[67]!

Biopsy
Once a maneuverable capsule is developed, the next 
step is to obtain a tissue sample. Several biopsy 
devices have been developed and used on animal 
models. A springloaded device similar to the Crosby 
capsule, guided by realtime imaging and RFcontrolled 
remote manipulation, and a capsule using Micro
ElectroMechanicalSystems (MEMS) technology have 
been successfully tested[68]. Both NEMO and VECTOR 
projects develop capsules designed for virtual biopsies 
and drug delivery[63,64]. The rotational Micro Biopsy 
Capsule Device (Seoul, South Korea) which contains 
a triggering part with paraffin block and a rotational 
tissuecutting razor (biopsy part) has been tested[69]. 
A tethered capsule endomicroscopy of the esoph
agus, which uses optical frequency domain imaging 
technology and enables 3D imaging of esophagus in 
microscopic detail, has also been developed[70]. This 
capsule endomicroscope is able to differentiate Barrett’s 
esophagus from normal esophageal mucosa. Other 
magnetic capsules using untethered microgrippers 
to grab tissue samples or magnetic torsion spring 
mechanism have been designed[71,72].

Optical enhancing techniques could lead to optical 
“biopsy”, which refers to a method of obtaining a 
morphological diagnosis without biopsy specimens, 
and prototype endoscopic capsules with such tech
nology have been developed, including the wireless 
spectroscopic compact photonic explorer for diagnostic 
optical imaging to detect microscopic malignancy[65]. 
One research group integrated near-infrared fluorescent 
probe in CE to enhance optical diagnosis of neoplasia, 
which proved able to distinguish adenomatous tissue in 

covered with a magnetic shield which can interact with 
external magnetic fields created by an electromagnet 
or permanent magnet. Electromagnets require bulkier 
equipment by comparison to permanent magnets[4750].

The leggedlike device approach consists of 
providing the capsule with propellers/paddles which will 
start functioning on demand during capsule navigation 
through various segments of the GI tract. A fourlegged 
capsule, two in the front and two in the rear, has been 
proposed, an eightlegged capsule was also suggested 
to be feasible, and even a twelvelegged locomotion 
capsule was designed to improve propulsion and 
reduce tissue injury[47,5153]. However, several technical 
drawbacks such as insufficient space available within 
the capsule and high power consumption should be 
overcome. In addition, a failure in the synchronization 
of the legs may cause damage to the GI tissue. 

Magnetic control appears to be the most attractive 
and promising approach. It is based on the principle 
that a large external magnetic field created by a 
permanent magnet or electromagnet near the patient 
interacts with a small internal magnet component 
integrated into the capsule to provide an active 
control of the endoscopic capsule[48]. Given Imaging 
has incorporated a magnet inside one of the domes 
of a standard PillCam colon capsule, which can be 
manipulated with an external handheld magnet 
moved on the patient’s abdomen[54,55]. Using such 
magnetically maneuverable capsule, one study 
reported > 75% of gastric mucosa visualized and 
no adverse events[55]. Siemens (Siemens Medical, 
Erlangen, Germany) and Olympus (Olympus America, 
Center Valley, PA, United States) have recently tested 
the prototype of a magnetically guided capsule 
endoscope that uses a threedimensional, external 
magnetic field which interacts with the magnet inside 
the capsule, allowing the capsule to be moved forward 
or backward[56,57]. Rey et al[58,59] made the first blinded 
comparative clinical trial on gastric examination in 
humans, comparing a magnetically guided capsule 
endoscope with a conventional highdefinition 
gastroscope, and found a similar diagnostic yield for 
both methods. Rahman et al[60], using the Intromedic 
MiroCamNavi system, reported a high degree of 
visualization, control, and maneuverability with this 
system. A robotic magnetic navigation system used 
in cardiology (Niobe, Stereotaxis Inc., St. Louis, MO, 
United States) has been suggested for CE but has 
been tested only in plastic phantoms[61]. Several other 
versions of endoscopic capsules magnetically propelled 
by a robotic arm have been proposed[62].

Two research projects funded by the European 
Union aim to develop a selfpropelling minirobot pill. 
One is VECTOR (Versatile Endoscopic Capsule for 
gastrointestinal Tumor Recognition and Therapy) for 
early diagnosis and treatment of GI cancer[63], and 
the other is NEMO (Nanobased capsule Endoscopy 
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experimental colitis in mice[73].

Power source
At present, available endoscopic capsules use two 
coinshaped, silveroxide batteries that can generate 
20 mW of energy, far too little to accomplish the 
multiple diagnostic and therapeutic tasks of the future 
capsule, most of them requiring power consumption. 
In addition, batteries occupy most of the space in an 
endoscopic capsule. Therefore, increased power supply 
and reduced size of batteries, to leave enough space to 
incorporate diagnostic/therapeutic components into the 
capsule, are essential for further developments in CE 
technology. A solution may be lithium ion microbattery 
technology which could provide a power density up 
to 2000times higher than other microbatteries[74]. 
Recently, Rathore et al[75] using Ultrascale FinFET 16 
nm technology for manufacturing endoscopic capsules 
(instead of 18 µm used for conventional endoscopic 
capsules) have reported an increased battery life, 
reduced power consumption with up to 50%, and 
a reduced size of the capsule by 12% compared to 
traditional capsules. An alternative method to reduce 
battery consumption is to use low complexity video 
compression technology that saves radiofrequency (RF) 
transmitting power[76].

External rechargeable batteries (from an extra
corporeal power supply) using RF, microwave or electric 
induction, and even “battery free” CE using wireless 
power transmission (WPT) technology are created. An 
excellent overview of the development of emergency 
WPT technique for application in CE has been recently 
published by Basar et al[77]. WPT system employs a 
transmitting coil positioned outside the human body 
and a receiving coil installed within the CE, thereby 
eliminating the need for an internal battery[78]. Thus, 
the RF System Lab (Nagano, Japan) was the first 
to use WPT technology in their Sayaka and Norika 
capsules[79], and several publications centered on WPT 
technology for the endoscopic capsule[77,80]. Jia et al[80], 
using WPT technology, have reported on its ability to 
transmit 500 mW of electricity, which is significantly 
higher than the amount generated by current batteries 
used for the endoscopic capsules available on the 
market. 

An alternative solution will be the development 
of threedimensional microbattery technology for 
geometrical energy and power density of battery[81,82], 
and many research groups are working in the field, still 
progressing in several laboratories.

Targeted drug delivery
Unfortunately, none of the current capsules is able 
to perform therapy. New capsule devices are under 
development in order to enable drug delivery in 
specific diseased areas of the GI tract. A number 
of clinical situations can benefit from targeted drug 
delivery such as the use of hemostatic spray to an 

active bleeding lesion or localized application of steroid/
immunomodulation for CD. One capsule prototype 
is able to deliver an injection of 1 mL of targeted 
medication while using a holding mechanism[83]. To 
achieve this, an accurate control mechanism of capsule 
positioning and a drug release mechanism should 
be incorporated into a capsule endoscope. As future 
capsules will most likely be smaller, space limitation 
within the capsule is an important impediment when 
incorporating such mechanisms[84]. 

Philips company (Philips Research, Eindhoven, 
The Netherlands) has launched an “intelligent” pill 
(iPill) measuring 11 mm × 26 mm and incorporating 
a microprocessor, battery, pH sensor, temperature 
sensor, radiofrequency transceiver, fluid pump, and a 
drug reservoir[85]. Tracking of the iPill in the GI tract 
is based on information regarding pH change and gut 
transit time. Once tracked in the aimed area, the iPill 
will open and deliver the drug under the control of 
the microprocessor. The iPill is under trial in CD and 
colorectal cancer[68,85,86].

Several other wireless capsules, such as the Gastro
target telemetric capsule (Gastrotarget, Tonawanda, NY, 
United States), Highfrequency capsule (BattelleInstitute 
V, Frankfurt, Germany), Telemetric capsule (INSERM 
UG1, Strasbourg, Cedex, France), Enterion capsule 
(Pheaton Research, Nottingham, United Kingdom), and 
the IntelliSite capsule (Innovative Devices, Raleigh, NC, 
United States), have been developed for targeted drug 
delivery in specific areas of the GI tract[68]. However, 
capsule tracking is inaccurate due to lack of an anchoring 
mechanism and thus, drug release cannot be fully 
controlled. Two therapeutic capsule endoscopes have 
recently been proposed for bioadhesive patch release 
and targeted drug delivery, respectively, both capsules 
being controlled by an external permanent magnetic 
source[83,87]. A soft magnetically actuated capsule, 
capable of multimodal gradual or sudden drug release, 
has also been developed[88].

Even with a new CE designed for targeted drug 
delivery, several other problems should be taken into 
consideration. Thus, in some diseases of GI tract such 
as CD, drug delivery is required on a daily basis, for 
several days or even weeks. To overcome this problem, 
a preprogrammed nonviewing capsule for targeted 
drug delivery has been proposed[89]. 

Luminal insufflation
CE visualization, especially of the colonic mucosa, is 
limited as the capsule is unable to provide insufflation 
in order to distend the intestine and expose all mucosal 
surfaces for examination. This shortcoming is a 
potential cause for CE’s high falsenegative diagnostic 
rate in the colon. Experiments and insufflation capsule 
prototypes show the feasibility of generating large 
volumes of gas from a small volume of liquid hydrogen 
peroxide, weak acids and bases in a capsule to provide 
wireless insufflation for enhancing visualization[90,91]. 

373 January 7, 2016|Volume 22|Issue 1|WJG|www.wjgnet.com

Singeap AM et al . Future of capsule endoscopy



Recently, a method of controlled colonic insufflation 
(CO2) via an untethered capsule in vivo has been 
reported[67]. 

Shorter reading time
Future CE should allow shorter reading time for 
interpretation of images acquired by capsule, and this 
may be achieved by development of more efficient 
software[92]. A computeraided lesion detection will 
significantly reduce reading time. 

home procedure
In the near future, CE (small bowel capsule endoscopy 
and especially colon capsule endoscopy) will become 
a home procedure that could be done on weekends, 
thus avoiding work absence[93,94].

Accurate location of detected lesion
A tagging module consisting of a micro tag, com
pressed spring and thermal ignitor can be integrated 
within future CEs; when activated by an external signal, 
the micro tag is impaled into the mucosa to mark the 
precise location of a lesion for the following endoscopic 
therapy[95]. Location of lesion and estimation of its 
size is possible by using Rapid 6 system of software 
developed by Given Imaging[96].

Automated capsule localization 
Automated capsule localization with a software 
using color image analysis to discriminate between 
different segments of GI tract (esophagus, stomach, 
small bowel, colon) identified CE passage across the 
pylorus in 93% of cases[9799]. The next step will be 
development of the software program to increase 
the frame rate while CE is traversing the duodenum, 
in order to improve identification of the ampulla of 
Vater and detect more lesions in the periampullary 
region[100,101] which is poorly visualized by CE, CT and 
MRenterography[102,103].

Entire GI tract visualization
An ideal CE would be able to visualize the entire GI 
tract, from mouth to anus, during a single procedure. 
Currently available capsules cannot be used for this 
purpose because of the significant physiological 
differences of the various segments of the GI tract, 
and therefore, only specific esophageal, small bowel, 
and colon capsules are available. However, the colon 
capsule (PillCam COLON 2, Given Imaging) developed 
for evaluation of the colon, can also be used to 
visualize almost the entire GI tract. This capsule is 
provided with two cameras able to record video images 
from both ends, with an adaptive frame acquisition 
rate (between 4 and 35 frames per second). Thus, it 
may visualize the esophagus, examine the stomach 
and duodenum with an external maneuvering system 
to control capsule locomotion, then the small intestine 
and, finally, the colon. Preliminary studies have already 

concluded that GI tract evaluation with PillCam COLON 
2 is feasible, especially for small bowel, although 
other segments (esophagus, stomach) need technical 
improvements to obtain a good visualization[46]. In 
the near future, a panendoscopy with CE may be a 
reality[29,104,105].

CONCLUSION
Undoubtedly, CE has opened a new era in endoscopic 
diagnosis for gastroenterologists and has set a 
milestone in the evolution of endoscopic examination 
of the GI tract without discomfort or need for sedation, 
or the risks implied by conventional endoscopy. During 
a relatively short period of time (15 years), CE has 
proven its high diagnostic yield in multiple pathologies 
of the GI tract such as obscure GI bleeding, CD, 
celiac disease, as well as in small and large bowel 
tumors. Nevertheless, the endoscopic capsules 
currently available are diagnostic tools only, and still 
have several limitations (passive locomotion, inability 
to perform biopsy or deliver therapy, etc). Modern 
technology continues to make tremendous progress 
in CE, helping it overcome the above mentioned 
limitations. Although it is difficult to make predictions 
about the future, we believe that in the next 15 years, 
our dreams of an efficient diagnostic and therapeutic 
CE for the diverse pathologies of the entire GI tract will 
become a reality. 
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Abstract
Liver biopsy (LB) has traditionally been considered the 
gold standard for pretreatment evaluation of liver fibro-
sis in patients with chronic hepatitis C (CHC). However, 
LB is an invasive procedure with several shortcomings 
(intra- and interobserver variability of histopathologi-
cal interpretation, sampling errors, high cost) and the 
risk of rare but potentially life-threatening complica-
tions. In addition, LB is poorly accepted by patients 
and it is not suitable for repeated evaluation. Further-
more, the prevalence of CHC makes LB unrealistic to 
be performed in all patients with this disease who are 
candidates for antiviral therapy. The above-mentioned 
drawbacks of LB have led to the development of non-
invasive methods for the assessment of liver fibrosis. 
Several noninvasive methods, ranging from serum 
marker assays to advanced imaging techniques, have 
proved to be excellent tools for the evaluation of liver 
fibrosis in patients with CHC, whereas the value of LB 
as a gold standard for staging fibrosis prior to antiviral 
therapy has become questionable for clinicians. De-
spite significant resistance from those in favor of LB, 
noninvasive methods for pretreatment assessment of 
liver fibrosis in patients with CHC have become part of 
routine clinical practice. With protease inhibitors-based 

triple therapy already available and substantial im-
provement in sustained virological response, the time 
has come to move forward to noninvasiveness, with no 
risks for the patient and, thus, no need for LB in the 
assessment of liver fibrosis in the decision making for 
antiviral therapy in CHC.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Chronic hepatitis C (CHC) is a major public health con-
cern, with around 180 million individuals affected world-
wide[1]. Liver fibrosis and its end-point cirrhosis are the 
main causes of  morbidity and mortality in patients with 
CHC[2]. Information on the stage of  liver fibrosis is 
useful in patients with CHC not only for estimation of  
prognosis, but also for indication of  antiviral therapy. 
Early international guidelines, consensus statements 
and expert panel opinions on the management of  CHC 
unanimously recommended that decisions on treatment 
should be made only after performing a liver biopsy (LB) 
for pretreatment evaluation of  the disease[3-5]. Conse-
quently, antiviral treatment for patients with CHC has 
been indicated only for those with moderate to severe 
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stages of  fibrosis (Metavir F2, F3 or F4), while patients 
with no or minimal fibrosis (Metavir F0, F1) have not 
been treated[6]. The rationale of  such a strategy was to 
treat all patients with advanced fibrosis to halt disease 
progression and prevent complications, rather than those 
with no or minimal fibrosis who may await better treat-
ments considering the slowly progressing natural history 
of  CHC[7]. The recommendations mentioned above led 
to the routine performance of  LB in nearly all patients 
who were newly diagnosed with CHC and potential can-
didates for antiviral therapy. More recent guidelines[8] still 
recommend LB in making treatment decisions, although 
it has been recognized that it is not necessary in patients 
with genotype 2 or 3, who can have as high as a 80% 
sustained virological response (SVR) rate. 

For several decades, LB has been widely regarded as 
the gold standard for the staging of  liver fibrosis[9]. How-
ever, LB is an invasive procedure and it is sometimes 
associated with rare but severe complications[10]. In addi-
tion, LB has several drawbacks (intra- and interobserver 
variability in histopathological interpretation, sampling 
errors, variable accessibility, high cost) which raises ques-
tions about its value for pretreatment assessment of  
liver fibrosis in patients with CHC[11,12]. Nowadays, many 
clinicians no longer cite LB as the gold standard but, at 
best, it can only be considered an imperfect standard for 
the staging of  liver fibrosis[13]. It was this context that, 
in recent years, triggered a huge interest in the noninva-
sive assessment of  liver fibrosis in patients with CHC. 
The introduction of  a noninvasive methodology for the 
assessment of  liver fibrosis as an alternative to LB in 
patients with CHC represents a major advancement in 
clinical hepatology[14]. Many of  the noninvasive meth-
ods demonstrated accuracy to a considerable degree in 
identifying significant fibrosis, particularly cirrhosis, and 
consequently, noninvasive assessment of  fibrosis is al-
ready a reality in patients with CHC[15]. Obviously, with 
the recent therapeutic development in CHC and reliable 
noninvasive diagnostic procedures available, LB has lost 
both its monopoly in the pretreatment assessment of  fi-
brosis and the influence on decision making for antiviral 
therapy in patients with CHC.  

CASE AGAINST LB
For the last 50 years, LB has been considered the gold 
standard for the staging of  liver fibrosis in spite of  its sev-
eral shortcomings: intra- and interobserver variability in 
histopathological interpretation[16,17], sampling errors[18,19], 
and potentially life-threatening complications[20,21]. In 
clinical practice, we frequently encounter the intra- and 
interobserver variability in the staging of  liver fibro-
sis[16,17]. Diagnostic errors made by nonspecialist patholo-
gists were reported in > 25% of  patients undergoing LB 
in academic centers[22,23]. According to a recent study[24], 
community pathologists understaged liver fibrosis in > 
70% of  cases with CHC. Several studies have shown that 
sampling errors occur when the LB specimen size is too 
small for an accurate estimation of  fibrosis[18,19]. Both the 

length and the diameter of  the biopsy core may affect 
the accuracy of  fibrosis stage evaluation in patients with 
CHC[25,26]. Obviously, the shorter and thinner the samples 
are, the greater is the number of  misclassifications of  
liver fibrosis. There is some controversy among patholo-
gists in defining an adequate LB sample for an accurate 
staging of  liver fibrosis. Some investigators[27] suggest that 
a sample of  at least 15 mm in length and containing more 
than five portal tracts is adequate, while others recommend 
biopsy samples of  20 mm containing at least 11 portal 
tracts[26] or even larger samples, up to 25 mm[18]. Bigger is 
better[28], but at the price of  an increased risk of  severe 
complications[10,18]. However, it should be noted that, in 
clinical practice, few LB specimens reach an adequate 
length of  20 mm[29]. Furthermore, LB only samples an 
extremely small part of  the whole organ (1/50 000) and 
therefore, there is a risk in the evaluation of  lesions that 
are heterogeneously distributed throughout the entire 
liver[21]. LB may underestimate the amount of  fibrosis, 
and cirrhosis could be missed in 10%-30% of  cases[30]. 
Studies concerning fibrosis staging have also shown dif-
ferences in one third of  cases with CHC between LB 
samples obtained from the right and left lobes of  the 
liver during laparoscopy[19]. Data on LB complications are 
heterogenous and contain wide variations in reported rate 
from one study to another[10,20,21,31-34]. Major complica-
tions include bleeding and bile peritonitis, with a reported 
mortality rate ranging from 0.03% to 0.1%[10,20,31,32,34]. 
It is worthwhile mentioning that both the transjugular 
route and ultrasound guidance approaches to LB do not 
significantly reduce the rate of  major complications[35,36]. 
Complication rates are higher when LB is performed by 
less-experienced physicians[31,37]. In addition, LB is costly, 
variably available, poorly accepted by patients, and not 
suitable for repeated evaluation. The cost of  an LB in 
the United States, United Kingdom and Australia varies 
between 1000 and 2000 USD, and it could go over 3000 
USD if  complications occur[12,38-40]. LB is not welcomed 
by patients and it may be refused by more than half  of  
those with CHC[41]. LB is inappropriate for a dynamic 
evaluation of  liver fibrosis over time, and recommenda-
tion to repeat biopsy every 3-5 years to follow up disease 
progression is certainly unrealistic, mainly due to patient 
nonadherence[40]. LB is contraindicated in the presence of  
coagulopathy and thrombocytopenia. Last but not least, 
the prevalence of  CHC makes LB impossible in all pa-
tients with CHC who are candidates for antiviral therapy. 
It is these drawbacks of  LB that have led to the develop-
ment of  noninvasive methods for the assessment of  liver 
fibrosis in patients with CHC and, hopefully, to a major 
change in hepatology practice.

Nevertheless, LB has some well-recognized advan-
tages for assessing fibrosis in CHC, such as direct mea-
suring of  liver fibrosis, well-established staging system, 
and evaluation of  associated lesions (steatosis, iron de-
position, inflammation, alcoholic liver disease, nonalco-
holic fatty liver disease, metabolic syndrome), although 
these diagnostic advantages are counterbalanced by the 
aforementioned disadvantages. 
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CASE IN FAVOR OF NONINVASIVE 
METHODS
Noninvasive methods for detecting liver fibrosis may be 
divided in two main groups: serum markers of  fibrosis 
and transient elastography (Fibroscan). 

Serum markers for liver fibrosis are commonly di-
vided into direct serum markers, which are directly linked 
to the modifications in extracellular matrix turnover 
produced by hepatic stellate cells during the process 
of  fibrogenesis in the liver, and indirect serum markers 
which reflect alterations of  the hepatic functions. The di-
rect markers include glycoproteins (hyaluronate, laminin, 
YKL-40), collagen family (procollagen Ⅲ, type Ⅳ colla-
gen), collagenases and their inhibitors (matrix metallopro-
teases, tissue inhibitory metalloprotease-1), and they are 
not routinely available in most clinical laboratories. The 
indirect markers are biochemical parameters determined 
in routine blood tests [platelet count, prothrombin time, 
aspartate aminotransferase (AST)/alanine aminotransfer-
ase (ALT) ratio]. Serum markers for liver fibrosis may be 
used singly[42-45] or combining panels of  direct or indirect 
serum markers and demographic parameters[46-55], with 
the aim of  increasing the accuracy of  single parameters. 
Some of  them are patent-protected and commercially 
available: FibroTest® (Biopredictive, Paris, France) li-
censed under the name of  Fibrosure® in the United States 
(LabCorp, Burlington, NC, United States)[51], Fibrometer® 

(BioLiveScale, Angers, France)[52], Hepascore (PathWest, 
University of  Western Australia, Australia)[53], ELF® 
(Enhanced Liver Fibrosis Test, iQur Ltd, Southampton, 
United Kingdom)[54], and FibroSpectⅡ® (Promotheus 
Laboratory Inc. San Diego, Ca, United States)[55]. Among 
these, Fibrotest [α-2-macroglobulin, γ-glutamyl transpep-
tidase (GT), apolipoprotein A1, haptoglobin, total biliru-
bin, age, sex] is the most widely used and was validated by 
several studies on patients with CHC[56-63]. The reported 
accuracy of  Fibrotest for significant fibrosis/cirrhosis 
expressed as area under receiving operating characteristic 
curve (AUROC) ranges from 0.74% to 0.87%[46,51]. To 
improve the performance of  Fibrotest, its combination 
with Fibroscan has been suggested; with such a combina-
tion, one study reported AUROC of  0.88 for at least F2 
(stage in the Metavir scoring system) and 0.95 for F3 or 
F4[56]. The sensitivity and specificity of  serum-marker-
based tests could also be improved by combining them 
using sequential algorithms. Thus, Sebastiani et al[64] 
combined AST/platelets ratio (APRI) with Fibrotest - a 
combination known as sequential algorithm for fibrosis 
evaluation biopsy - and found it to have an accuracy of  
92.5% in the detection of  fibrosis in CHC, obviating 
81.5% of  liver biopsies. APRI has a slightly lower perfor-
mance than Fibrotest, with an accuracy between 60% and 
82% for significant fibrosis and 60% and 88% for cirrho-
sis[46,64], but it is a simple cost-free readily available test in 
all hospital settings. Both Fibrometer (platelet count, hy-
aluronate, AST, α-2-macroglobulin, international normal-
ized ratio, urea, age) and Hepascore (bilirubin, γGT, α-2-
macroglobulin, hyaluronic acid, age, sex) showed good 

performance for detection of  significant fibrosis[52,53,65]. 
There are several advantages of  serum markers such 

as high applicability, with no risk for the patient and no 
contraindication; they can be performed and repeated 
in outpatient clinics; widespread availability; and inter-
laboratory reproducibility[66]. However, there are some 
limitations of  serum markers: none is liver specific; re-
sults are unreliable in comorbidities (hemolysis, Gilbert 
syndrome, rheumatoid arthritis); and they have poor 
performance in the diagnosis of  intermediate stages of  
liver fibrosis[66]. Nevertheless, it is important to note that 
the performance of  each noninvasive marker is evalu-
ated against LB which is an imperfect gold standard, and 
the apparent failure of  noninvasive markers to make an 
accurate distinction between different stages of  interme-
diate fibrosis could be the consequence of  misclassifica-
tions from biopsy[67,68].  

Transient elastography (Fibroscan®, Echosens, Paris, 
France) measures liver stiffness in a volume at least 100 
times greater than a standard LB sample, and therefore, 
may be more representative of  the entire liver. Fibroscan 
is composed of  an ultrasound transducer probe mount-
ed on the axis of  a vibrator; vibration is transmitted to 
induce an elastic shear wave that propagates through the 
liver. Pulse-echo ultrasound acquisition is used to mea-
sure the velocity of  the shear wave, which is directly re-
lated to liver stiffness: the stiffer the liver, the faster the 
shear wave propagates. Results are expressed in kPa, and 
values range from 2.5 kPa to 75 kPa, with normal values 
< 5.5 kPa[69]. According to several studies, a cutoff  value 
of  7.2-8.7 kPa defines significant fibrosis, and cirrhosis 
is diagnosed by a cutoff  value of  12.5-14.5 kPa[70,71]. 
Fibroscan seems to be a reliable method for the diagno-
sis of  significant fibrosis (AUROC 0.84) and cirrhosis 
(AUROC 0.95)[72,73]. Its combination with serum-based 
tests (Fibrotest, Fibrometer) increases the performance 
(but also the costs) for the diagnosis of  significant fi-
brosis[56,71,72]. Among noninvasive methods for diagnosis 
of  cirrhosis, Fibroscan has the highest level of  perfor-
mance[62,72,73], and its combination with serum markers 
does not increase accuracy[63,72].

Fibroscan has several advantages: it is painless; quick 
(< 5 min); highly reproducible, with results immediately 
available; inexpensive; and easy to perform in the outpa-
tient clinic and at the bedside[66]. In addition, Fibroscan 
can be repeated for longitudinal disease monitoring, 
which is difficult, if  not impossible, with LB. In cir-
rhotic patients, Fibroscan values correlate with portal 
pressure (based on the hepatic venous pressure gradient 
measurement), which is a reliable predictor of  clinical 
outcomes[74-77], disease severity[78], and the risk of  hepato-
cellular carcinoma[79]. Finally, Fibroscan and serum mark-
ers are well accepted by patients, therefore, they could 
be used as screening methods for the detection of  liver 
fibrosis/cirrhosis in at-risk groups[80] and even in general 
population[81], while LB is unacceptable for screening 
purposes. Fibroscan measurement failure and unreliable 
results are due to limited operator experience[82], nar-
rowed intercostal spaces[82], and obesity[82,83], although 
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this last problem seems to be overcome by a new spe-
cially designed probe[84-86]. Results are influenced by ALT 
flares[87,88], extrahepatic cholestasis[89,90], and congestive 
heart failure[91].    

DISCUSSION
In the past, expert consensus guidelines on the manage-
ment of  CHC unanimously recommended routine LB 
before initiation of  antiviral therapy[3-5,92,93]. Based on LB 
findings, treatment has often been advocated only for 
patients with at least moderate to severe stages of  fibro-
sis (Metavir F2, F3 or F4), and withheld for those with 
no or minimal fibrosis (F0, F1)[6,93]. As a consequence, 
tens of  thousands of  patients were most likely denied 
proper antiviral therapy. More recent guidelines[8,94] rec-
ommend LB only in patients with CHC genotype 1 (SVR 
rate < 50%) in treatment decision making, and consider 
it unnecessary in those with genotype 2 or 3 who may 
have an SVR rate as high as 80%. The primary endpoint 
of  antiviral therapy for CHC is achieving SVR - defined 
as undetectable serum HCV RNA at 24 wk after discon-
tinuation of  therapy. Viral eradication prevents disease 
progression, improves survival, and reduces health care 
costs associated with the management of  complications. 
Thus, if  viral clearance is the aim of  antiviral therapy in 
CHC, then to what degree does an exact histopathologi-
cal fibrosis stage established through biopsy still matter? 
With the new protease inhibitor (PI)-based triple therapy 
(addition of  telaprevir or boceprevir to pegylated inter-
feron and ribavirin) available and SVR rates approaching 
75% in patients with CHC genotype 1[95,96], it is clear that 
LB has lost its importance in the recommendation of  
antiviral therapy.  

During the past 10 years, an intensive debate has 
taken place between those in favor of  LB and those 
who promote noninvasive methods for pretreatment as-
sessment of  liver fibrosis in patients with CHC. There 
is extensive literature showing the pros and cons of  
LB or noninvasive methods. As in chess, winning does 
not come easy for a supporter of  noninvasive methods 
against a supporter of  LB with a firmly rooted prefer-
ence. Step by step, those in favor of  non-invasive meth-
ods have gained ground, waiting for the final move: 
checkmate! Today, several noninvasive methods, ranging 
from serum marker assays to advanced imaging tech-
niques, have proved to be excellent tools for the evalu-
ation of  liver fibrosis in patients with CHC. According 
to the latest European Association of  the Study of  the 
Liver clinical practice guidelines[97] and United Kingdom 
consensus guidelines[98] recommendations, noninvasive 
methods can be used instead of  LB in patients with 
CHC to assess liver disease severity prior to antiviral 
therapy. It is therefore surprising that many experts in 
the field of  hepatology and the most recent American 
Association for the Study of  Liver Diseases 2011 prac-
tice guidelines[99] favor LB before therapy initiation, de-
spite substantial improvement in treatment success rate 
for genotype 1 patients with PI-based triple therapy. The 

main reason against noninvasive methods for evaluation 
of  liver fibrosis is their apparent failure to make an ac-
curate distinction between different stages of  intermedi-
ate fibrosis. It is important to note that the performance 
of  each noninvasive method was evaluated in all studies 
by calculating the AUROC using LB as a reference stan-
dard. As LB is an imperfect standard, a perfect noninva-
sive method will never reach the maximum value (1.0)[100], 
and therefore, noninvasive methods are as inaccurate 
as LB for the assessment of  fibrosis stage. Thus, the 
failure of  noninvasive methods to discriminate between 
different stages of  intermediate fibrosis could be the 
consequence of  classification errors from histopatho-
logical findings of  biopsy[67,68]. For clinicians, it is more 
important to know if  their patients have no/mild or 
advanced fibrosis/cirrhosis, rather than the exact patho-
logical scoring system through LB, and this could be eas-
ily achieved by means of  noninvasive methods. Taking 
into account that all recent international guidelines[97-99] 
recommend treatment with PI-based triple therapy in all 
patients with CHC genotype 1, provided that they have 
no contraindications to peg-interferon and ribavirin, the 
need to stage liver fibrosis accurately is decreasing in 
treatment decisions.

The final move - checkmate to LB - is, therefore, 
possible once the rate of  SVR has reached 75% with 
PI-based triple therapy for patients with CHC genotype 
1. Consequently, it is clear that in the era of  PI-based 
triple therapy and other new potent direct-acting agents 
in the pipeline, the information obtainable from LB has 
little, if  any, influence on treatment decisions. It should 
be underlined that in this article, checkmate to LB in pa-
tients with CHC refers strictly to cases with no need for 
this invasive and risky procedure in therapeutic decision 
making. With PI-based triple therapy already available 
in many countries, and an allocation system probably 
based mainly on medical need (therapy for those likely 
to develop complications in the next few years), nonin-
vasive methods with the highest accuracy for detecting 
severe fibrosis/cirrhosis used as an alternative to LB for 
pretreatment assessment of  liver fibrosis in patients with 
CHC are now part of  routine clinical practice. Fibroscan 
or any patented biomarkers (Fibrotest, Fibrometer and 
Hepascore) have recently been recommended for first-
line staging of  liver fibrosis[101] before deciding on antivi-
ral therapy. However, the adoption rates of  noninvasive 
methods by hepatologists differ from country to coun-
try. In France, a survey of  546 hepatologists revealed 
that 81% of  them used noninvasive methods[102], while 
in the United States, despite the aforementioned short-
comings of  LB, there is still significant resistance to ac-
cepting noninvasive methods as an alternative to biopsy. 
We believe that sooner or later this will change, and the 
requirement of  LB prior to starting antiviral therapy in 
patients with CHC will be reassessed.

In conclusion, in the era of  PI-based triple therapy 
and other new potent direct-acting agents on the hori-
zon that can achieve SVR rates approaching 100%, the 
time has come to move forward to risk-free noninvasive 
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methods for the patient, leaving LB behind in the evalu-
ation of  liver fibrosis in decision making for CHC anti-
viral therapy. In other words, checkmate to LB?
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Abstract
Liver cirrhosis is a major cause of mortality worldwide, 
often with severe sepsis as the terminal event. Over 
the last two decades, several studies have reported 
that in septic patients the adrenal glands respond inap-
propriately to stimulation, and that the treatment with 
corticosteroids decreases mortality in such patients. 
Both cirrhosis and septic shock share many hemody-
namic abnormalities such as hyperdynamic circulatory 
failure, decreased peripheral vascular resistance, in-
creased cardiac output, hypo-responsiveness to vaso-
pressors, increased levels of proinflammatory cytokines 
[interleukine(IL)-1, IL-6, tumor necrosis factor-alpha] 
and it has, consequently, been reported that adrenal 
insufficiency (AI) is common in critically ill cirrhotic pa-
tients. AI may also be present in patients with stable 
cirrhosis without sepsis and in those undergoing liver 
transplantation. The term hepato-adrenal syndrome 
defines AI in patients with advanced liver disease with 
sepsis and/or other complications, and it suggests that 
it could be a feature of liver disease per se , with a dif-

ferent pathogenesis from that of septic shock. Relative 
AI is the term given to inadequate cortisol response 
to stress. More recently, another term is used, namely 
“critical illness related corticosteroid insufficiency” to 
define “an inadequate cellular corticosteroid activity for 
the severity of the patient’s illness”. The mechanisms 
of AI in liver cirrhosis are not completely understood, 
although decreased levels of high-density lipoprotein 
cholesterol and high levels of proinflammatory cyto-
kines and circulatory endotoxin have been suggested. 
The prevalence of AI in cirrhotic patients varies widely 
according to the stage of the liver disease (compen-
sated or decompensated, with or without sepsis), the 
diagnostic criteria defining AI and the methodology 
used. The effects of corticosteroid therapy on cirrhotic 
patients with septic shock and AI are controversial. 
This review aims to summarize the existing published 
information regarding AI in patients with liver cirrhosis.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Adrenocortical dysfunction in patients with liver cirrho-
sis has been described for over half  a century[1], but was 
ignored until a decade ago when several studies reported 
that some septic patients had an inappropriately low re-
sponse of  adrenal glands to stimulation, and treatment 
with corticosteroids decreased mortality[2,3]. Relative ad-
renal insufficiency (RAI) is the term given to inadequate 
production of  cortisol with respect to the severity of  

Anca Trifan, Professor, Series Editor



Trifan A et al . Adrenal insufficiency in cirrhosis

446 January 28, 2013|Volume 19|Issue 4|WJG|www.wjgnet.com

illness[4,5]. More recently, another term, namely critical ill-
ness related corticosteroid insufficiency (CIRCI) defined 
as “inadequate cellular corticosteroid activity for the 
severity of  the patient’s illness”[6], has been used. Despite 
a large number of  published studies during recent years, 
the concepts of  RAI and CIRCI are still under debate.

Liver cirrhosis is a major cause of  mortality world-
wide[7], often with septic shock as the terminal event[8]. 
It is a well-established fact that cirrhotic patients have 
increased susceptibility to bacterial infections[9]. Both 
cirrhosis and septic shock share many hemodynamic 
abnormalities such as hyperdynamic circulatory fail-
ure, decreased peripheral vascular resistance, decreased 
mean arterial pressure, increased cardiac output, hypo-
responsiveness to vasopressors, increased levels of  pro-
inflammatory cytokines [interleukine (IL)-1, IL-6, tumor 
necrosis factor-α (TNF-α)][5,10,11] and, consequently, se-
veral studies reported that adrenal insufficiency (AI) is 
common in critically ill cirrhotic patients[8,12-14]. Further-
more, AI may occur in compensated and decompensated 
cirrhosis without sepsis[14-20] or in early and late post-liver 
transplantation (LT)[12,21-23]. Nowadays, liver cirrhosis is 
considered to be among the major groups of  high-risk 
diseases with a predisposition to AI[24]. The term hepato-
adrenal syndrome is used to define AI in patients with 
advanced liver disease with sepsis and/or other compli-
cations[12,15], suggesting that adrenocortical insufficiency 
may be a feature of  liver disease per se, with a different 
pathogenesis from that occurring in septic shock.

Mechanisms of  AI in cirrhotic patients are not en-
tirely known, but they may include impaired synthesis in 
total cholesterol, high-density lipoprotein (HDL) cho-
lesterol and low-density lipoprotein (LDL) cholesterol, 
as well as increased levels of  proinflammatory cytokines 
and circulating endotoxin (e.g., lipopolysaccharide)[25-27]. 
The effects of  corticosteroid therapy on cirrhotic pa-
tients with septic shock and AI are controversial, some 
studies reporting favorable results[12-14,28], while a recent 
randomized control study[29] has shown no benefit.

This review aims to summarize the existing published 
data regarding all aspects of  AI prevalence, diagnosis 
and treatment in patients with liver cirrhosis.

PhysIOlOgy Of The hyPOThalamIC-
PITUITaRy-aDReNal aXIs: a shORT 
RevIew
Cortisol is the main glucocorticoid secreted by the adre-
nal cortex under the control of  adrenocorticotropic hor-
mone (ACTH) which is released from the pituitary gland. 
The stimulus for ACTH release is corticotropin-releasing 
hormone (CRH) secreted by the paraventricular nuclei 
of  the hypothalamus. Among factors influencing corti-
sol synthesis and production (diurnal rhythm of  ACTH 
secretion, negative feedback by cortisol), stress plays the 
most important role. During stress and severe illness, 
activation of  the hypothalamic-pituitary-adrenal (HPA) 

axis by the action of  cytokines and other factors results 
in increased secretion of  CRH, which will stimulate the 
production of  ACTH and, consequently, increased re-
lease of  cortisol into the circulatory system[30]. Cortisol 
is an essential component of  the global adaptation to 
stress, contributing to the maintenance of  cellular and 
organ homeostasis. Adequate levels of  cortisol are abso-
lutely necessary to increase cardiac output and vascular 
tonus, and to decrease proinflammatory cytokines (IL-1, 
IL-6, TNF-α) released[31,32] in order to overcome critical 
illness.

Over 90% of  circulating cortisol is bound to cortico-
steroid-binding-globulin (CBG) (also called transcortin) 
and albumin, with less than 10% in the free biologically 
active form[33]. CBG is the predominant binding site 
(85%), with albumin binding smaller amounts of  cir-
culating cortisol. During severe sepsis, CBG levels fall, 
determining a higher percentage of  free cortisol[34]. Hy-
poalbuminemia, frequently present in cirrhotic patients, 
has also been suggested to increase the free cortisol frac-
tion[35,36]. Approximately 80% of  circulating cortisol is 
synthesized both at rest and during stress from plasma 
cholesterol (particularly in the form of  HDL cholesterol) 
and this could be relevant in patients with liver cirrhosis 
where cholesterol is low and may limit the synthesis of  
cortisol[26]. In the liver, cortisol is converted to its inactive 
metabolite cortisone by the enzyme 11β - hidroxysteroid 
dehydrogenase. After diffusion across the cell membrane, 
cortisol binds to glucocorticoid receptor and translocates 
into the nucleus of  the cell[37] where its effects are exerted 
(increased vascular tonus and cardiac output, protein ca-
tabolism, lipolysis, hyperglycemia, and decreased cytokine 
production)[38]. These effects of  cortisol are beneficial in 
critical illness, and several studies have shown that cor-
ticosteroid therapy is beneficial in patients with severe 
sepsis or septic shock[12-14,39,40]. As adrenal glands do not 
store cortisol, this must urgently be synthesized from its 
precursor, cholesterol, under any conditions of  stress. In 
cirrhotic patients there is a low substrate (HDL cholester-
ol) for the synthesis of  cortisol, favoring AI in conditions 
of  stress[26].

PaThOgeNesIs
Mechanisms leading to AI in liver cirrhosis remain lar-
gely unknown, although some hypotheses such as endo-
toxemia, decreased levels of  apolipoprotein A-1, HDL 
cholesterol and LDL cholesterol, increased levels of  pro-
inflammatory mediators, structural damage to the adrenal 
gland due to infarction or hemorrhage, bacterial translo-
cation of  enteric organisms, “exhaustion” of  the adrenal 
cortex, and glucocorticoid resistance have been sug-
gested[12,41-49]. Many (if  not all) of  these pathophysiologic  
mechanisms are also involved in the genesis of  AI in 
critically ill patients with sepsis[50-56].

As we have mentioned, cholesterol is the main source 
of  steroidogenic substrate in the adrenal gland[26,57]. Sev-
eral studies reported a significant decrease in the level 
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of  serum HDL in cirrhotic patients which was related to 
the severity of  the disease[12,26,47]. Furthermore, increased 
levels of  circulating endotoxin (lipopolysaccharide) and 
TNF-α inhibit cortisol synthesis, limiting the delivery of  
HDL cholesterol to the adrenal gland[58-60]. In addition to 
this, TNF-α, IL-1 and IL-6 decrease hepatocyte synthe-
sis of  apolipoprotein A-1[58], the major component of  
HDL cholesterol. The lack of  substrate for steroidogen-
esis will eventually lead to the so-called “adrenal exhaus-
tion syndrome”[42] which contributes to AI in cirrhotic 
patients.

Besides low levels of  serum total cholesterol, HDL-
cholesterol and LDL-cholesterol, other factors may play 
a definite role in the pathogenesis of  AI in patients with 
liver cirrhosis. Thus, coagulopathy (frequent in liver cir-
rhosis) may cause adrenal hemorrhage and infarction 
leading to structural damage of  the adrenal gland[5], result-
ing in AI. Systemic inflammation is common in cirrhotic 
patients[61]. Bacterial translocation of  enteric organisms 
has been demonstrated in patients with advanced liver 
cirrhosis[41,62].

A high prevalence of  AI reported in patients with 
stable cirrhosis[15-19,63], similar to that reported in cirrhosis 
complicated by sepsis/septic shock, suggests that AI may 
be a feature of  liver disease per se, with a different patho-
genesis from that occurring in septic shock. These find-
ings are consistent with the observations of  Marik et al[12] 
who put forward the term hepato-adrenal syndrome in 
order to define AI in patients with advanced liver disease.

DIagNOsIs
Diagnosis of  AI made on clinical grounds in critically 
ill cirrhotic patients is impossible because of  the lack 
of  typical addisonian features[5,13]. Hypotension refrac-
tory to vasopressors and fluid resuscitation is the most 
important clinical sign in such patients[52]. Therefore, the 
diagnosis of  AI in patients with liver cirrhosis is based 
on the following laboratory tests.

Standard dose
Measurement of  serum total cortisol, either at baseline 
or following stimulation by the standard dose-short syn-
acthen test (SD-SST) or low dose-short synacthen test 
(LD-SST). Baseline serum total cortisol levels under 414 
nmol/L[8,13,20,64-66], < 250 nmol/L[45] or < 138 nmol/L[67] 
have been used to define AI in different studies. The 
following thresholds were used to diagnose subnormal 
response to SD-SST or LD-SST: (1) a peak cortisol level 
(defined as the highest cortisol concentration after syn-
acthen stimulation) < 690 nmol/L[16], < 552 nmol/L[12], 
< 500 nmol/L[14,15,18,45], < 442 nmol/L[17]; and (2) a delta 
cortisol (defined as the difference between peak and 
basal cortisol) less than 250 nmol/L[8,13,15-20,45,64-67].

As one can easily see, there are differences in the 
thresholds of  serum total cortisol used to define AI in 
published studies, which may explain significant dis-
crepancies in the prevalence of  AI in cirrhotic patients. 

Moreover, the diagnosis of  AI based on serum total cor-
tisol in patients with cirrhosis may be inaccurate due to 
changes in serum concentrations of  CBG and albumin 
(both synthesized in the liver) which are usually low[68-70]. 
It has been already shown that low levels of  CBG and al-
bumin lead to overestimation of  the diagnosis of  AI[45,67].  
As we have mentioned before, over 90% of  serum cir-
culating cortisol is bound to CBG and albumin, with less 
than 10% in the free form. Standard laboratory assays of  
serum total cortisol measure the bound plus free frac-
tions. This means that a decrease in the binding protein 
levels, as it often happens in cirrhosis, will reduce serum 
total cortisol, affecting the interpretation of  SD-SST/
LD-SST[35,44], and this may lead to the overestimation of  
AI in cirrhotic patients[45]. However, most of  the studies 
evaluating adrenal function in critically ill patients with 
liver cirrhosis still rely on the measurement of  serum to-
tal cortisol, both at baseline and after stimulation.

Serum free cortisol assays are considered the most 
reliable method to assess adrenal function in critically ill 
patients[71]. There are several methods used to measure 
serum free cortisol (gel filtration, ultrafiltration, equilib-
rium dialysis)[72], all of  them expensive and inconvenient 
for routine clinical practice[73]. In patients with liver cir-
rhosis, the serum free cortisol level is not altered by a 
reduced concentration of  CBG and albumin[74] and it 
therefore appears to be a more appropriate marker for 
assessing adrenal function in such patients[44,74]. Some 
studies reported significant differences in diagnosis of  
AI using serum total cortisol and free cortisol criteria in 
cirrhotic patients with septic shock[75] or in those with 
stable cirrhosis[15], while others found that assessing se-
rum free cortisol had limited additive diagnostic value 
over serum total cortisol[76]. Serum free cortisol levels 
under 50 nmol/L at baseline or less than 86 nmol/L af-
ter synacthen stimulation are suggestive for the diagnosis 
of  AI (in critically ill patients)[35], although the reference 
range for baseline values in healthy subjects varies from 
8-25 nmol/L[71] to 12-70 nmol/L[44,77].

Due to the limitations of  available assays to estimate 
serum free cortisol, surrogate markers may be used, such 
as Coolens equation “U2 × K (1 + N) + U [1 + N + K 
(G - T)] - T = 0”, where T is total cortisol, G is CBG, U 
is unbound cortisol, K is the affinity of  CBG for corti-
sol at 37 ℃ and N is the ratio of  albumin-bound to un-
bound cortisol[68], free cortisol index (FCI) (serum total 
cortisol concentration divided by CBG level)[78], and sali-
vary cortisol[71,79]. However, Coolens equation and FCI 
do not take into account the concentration of  low serum 
albumin and CBG frequently present in cirrhotic pa-
tients and, therefore, both surrogates may not be suitable 
to estimate serum free cortisol in such patients[69-71]. By 
contrast, salivary cortisol, regardless of  serum binding 
protein levels, correlates well with free cortisol levels[71,79]. 
Basal value of  salivary cortisol < 1.8 ng/mL or a con-
centration after stimulation (SD-SST) < 12.7 ng/mL, an 
increment < 3 ng/mL[45] or a peak serum free cortisol <  
33 nmol/L[15] are suggestive of  AI. However, there are 
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significant variations in normal salivary cortisol values 
reported by different studies[74]. Other limits of  salivary 
cortisol are represented by oral candidiasis, low salivary 
flow, and contaminated salivary samples from gingival 
bleeding, common in cirrhotic patients[44].

SD-SST
SD-SST measures total serum cortisol at baseline and 60 
min after an intravenous injection of  250 µg of  synthetic 
ACTH. Currently, there are two corticotropic analogues 
that can be used, namely tetracosactrin (synacthen, No-
vartis Pharma AG, Basel, Switzerland) and cosyntropin 
(Cortrosyn, Amphastar Pharmaceuticals, Rancho Cuca-
monga, CA, United States). Using a supraphysiological 
dose of  250 µg of  corticotropin (which results in ap-
proximately 100 times higher than normal maximal stress 
ACTH levels)[17], SD-SST is not a “physiological test”[17,80]. 
In the context of  critical illness, AI was defined by the 
International Task Force[6] as a delta cortisol of  < 250 
nmol/L (< 9 µg/dL) after SD-SST or a random serum 
total cortisol of  < 276 nmol/L (< 10 µg/dL). There is 
no consensus on the diagnostic criteria of  AI in cirrhotic 
patients, although a delta cortisol under 250 nmol/L 
has been used by most studies to define AI in such pa-
tients[81].

LD-SST
LD-SST uses 1 µg of  synacthen given intravenously, and 
serum cortisol measured after 20 and 30 min (the latter 
time-point is mostly used). The normal response is a 
serum cortisol level > 500 nmol/L (> 18 µg/dL)[49]. In a 
meta-analysis[82] comprising the diagnostic value of  SD-
SST and LD-SST for diagnosing AI, LD-SST was found 
to be superior, contrary to another meta-analysis[83] which 
reported similar operative characteristics for both tests. 
LD-SST seems to be a more physiological and sensitive 
test than SD-SST for the diagnosis of  AI, and appropri-
ate for use in non-critically ill cirrhotic patients[49].

Insulin-induced hypoglycemia test
Insulin-induced hypoglycemia test (IIHT) has been con-
sidered to be the gold standard to evaluate the HPA axis. 
The test uses injection of  0.15 IU/kg regular insulin to 
achieve blood glucose less than 40 mg/dL or until symp-
toms of  hypoglycemia develop. Blood samples are taken 
before and at 15, 30, 45, 60, 90 min post-stimulation. 
Peak cortisol cut points between 500 and 550 nmol/L 
(18-20 µg/dL) are used for the diagnosis of  adrenal 
sufficiency. This test is contraindicated in patients with 
cardio- or cerebrovascular diseases and convulsive disor-
ders. In addition, the IIHT is unpleasant for the patients 
and therefore it has been replaced by alternative tests 
(LS-SST, SD-SST) for evaluating the HPA axis[84].

Corticotrophin-releasing hormone test
Corticotrophin-releasing hormone test (CRHT) evalu-
ates the entirety of  the HPA axis. Blood samples for the 
measurement of  ACTH and cortisol are taken at base-

line and at 15, 30, 45 and 60 min after an intravenous 
injection of  1 µg/Kg of  CRH. Although CRHT is free 
of  serious side effects, it is both difficult and costly and 
therefore it has been used in few studies in liver disease.

To conclude, in the absence of  a gold standard test, 
SD-SST remains the most used test to assess the adre-
nal function in critically ill cirrhotic patients, while LD-
SST seems to be more appropriate in those with stable 
cirrhosis. At present, serum free cortisol and salivary 
cortisol are the most accurate methods for the diagnosis 
of  AI in cirrhotic patients, but cannot be used in routine 
clinical practice. The use of  salivary cortisol needs to be 
validated. As diagnosis of  AI in cirrhotics is of  major 
clinical importance, there is an urgent need for a consen-
sus as to which is the most appropriate diagnostic test of  
AI in such category of  patients.

PRevaleNCe aND eXIsTINg evIDeNCe
Initial reports on AI in liver cirrhosis were followed by 
multiple studies (Tables 1 and 2) and, recently, by excel-
lent systematic reviews[43,44,46,49,81]. There are significant 
discrepancies between studies on the prevalence of  AI 
in patients with liver cirrhosis, mainly because of  the 
different tests used for diagnosis of  adrenal dysfunction 
and the criteria applied to define AI. Thus, the preva-
lence of  AI varies between critically ill cirrhotic patients 
(10%-87%; Table 1), those with stable cirrhosis (7%-83%; 
Table 2), and patients with liver transplant (61%-92%; 
Table 1). Overall, several published studies have reported 
a high prevalence of  AI both in critically and non-crit-
ically ill cirrhotic patients[17,29,63,64,69,85] as well as in those 
who had received liver transplant[12].

Critically ill patients with liver cirrhosis
Almost all studies that included critically ill patients with 
liver cirrhosis[8,13,20,29,64-66,74,85] used SD-SST for the diag-
nosis of  AI and only two performed LD-SST[12,16]. With 
SD-SST, the reported prevalence of  AI in critically ill 
cirrhotics varied between 10%[74] and 87%[85], while with 
LD-SST, the prevalence range was between 33%[12] and 
60%[16].

Harry et al[14] reported a prevalence of  AI (defined as 
peak cortisol levels less than 500 nmol/L) of  69% in crit-
ically ill cirrhotic patients requiring vasopressor support. 
In a prospective study including 25 cirrhotic patients 
with severe sepsis, Fernández et al[13] reported a very high 
incidence of  AI (68%) using SD-SST and defining AI 
either as baseline serum total cortisol level less than 414 
nmol/L or a delta cortisol lower than 250 nmol/L in 
those with a baseline concentration below 966 nmol/L. 
The AI prevalence rate was correlated with the severity 
of  liver disease (76% Child-Pugh C vs 25% Child-Pugh B).

SD-SST was also used to evaluate adrenal function in 
a prospective study which included 101 critically ill pa-
tients with cirrhosis and severe sepsis[8]. Authors found 
that 51% of  their patients met the criteria for AI (defined 
as baseline serum total cortisol values under 414 nmol/L 
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or delta cortisol lower than 250 nmol/L with a baseline 
value between 414 and 938 nmol/L) which was related 
to disease severity [Child-Pugh and model for end-stage 
liver disease (MELD) scores] and increased mortality. 
Recently, Arabi et al[29], using the same test (SD-SST) and 
definition for AI (delta cortisol < 250 nmol/L) in a simi-
lar group of  critically ill patients (cirrhosis with septic 
shock) reported an even higher AI prevalence rate (76%).

The SD-SST test was also used in several other stud-
ies to assess adrenal function in critically ill cirrhotic pa-
tients[64-66,74,85,86]. 

Adrenal function has also been evaluated by SD-SST 
in cirrhotic patients with variceal bleeding[16,20]. Graupera 
et al[20] reported AI prevalence (defined as baseline serum 
cortisol < 414 nmol/L or delta cortisol < 250 nmol/L) 
in 38% of  bleeding patients. AI was associated with in-
creased risk of  failure to control bleeding and lower sur-
vival rate at 6 wk. In a prospective observational study on 
20 cirrhotic patients with variceal bleeding and 60 with 
stable cirrhosis, Triantos et al[16] reported an AI prevalence 
rate (defined as basal cortisol < 276 nmol/L or delta cor-
tisol < 250 nmol/L following SD-SST) of  30% (similar 
to that in stable cirrhosis); with the use of  LD-SST, AI 
prevalence (defined as a peak cortisol < 690 nmol/L or 
a delta cortisol < 250 nmol/L) was significantly higher in 
bleeders (60%) than in stable cirrhotics (48%).

LD-SST was also previously used by Marik et al[12] 
to evaluate adrenal function in 340 critically ill patients 
with liver disease (24 with fulminant hepatic failure, 146 
critically ill cirrhotics, 51 with remote LT, and 119 having 

recently undergone LT). AI was defined as having a ran-
dom cortisol level of  < 552 nmol/L in highly stressed 
patients (hypotension, hepatic failure, respiratory failure) 
and a random cortisol level of  < 414 nmol/L or a 30 
min post LD-SST level of  < 552 nmol/L in all other 
patients. Out of  340 patients studied, 245 (72%) met the 
criteria for AI (33% fulminant hepatic failure, 66% criti-
cally ill cirrhotics, 61% remote LT, 92% recent LT).

Non-critically ill cirrhotics
AI is also common in patients with stable liver cirrhosis 
(Table 2). However, as in critically ill cirrhotic patients, AI 
prevalence rate in those with stable liver cirrhosis varies 
significantly, depending on the diagnostic test used. 

In a prospective study, Tan et al[15] evaluated adrenal 
function in 43 clinically stable cirrhotic patients. All pa-
tients underwent SD-SST, and AI was defined by delta 
cortisol < 250 nmol/L or a peak total cortisol < 500 
nmol/L, or a peak serum free cortisol < 33 nmol/L. The 
prevalence of  AI was 47% using delta cortisol < 250 
nmol/L, 39% using peak total cortisol < 500 nmol/L, 
and 12% with serum free cortisol < 33 nmol/L. This 
study clearly shows that the reported prevalence of  AI 
depends largely on the diagnostic test used and criteria 
for defining AI.

Galbois et al[45] have evaluated adrenal function in 88 
patients hospitalized for complications of  cirrhosis with-
out bleeding and shock. Salivary and serum total cortisol 
were assessed 60 min before and after stimulation with 
SD-SST in all patients. Serum free cortisol was estimated 

Ref. No. of patients 
(type of cirrhosis)

Diagnosis and definition of AI Prevalence 
of AI

Harry et al[14] 20 (ALF/CLD) SD-SST: Peak cortisol < 500 nmol/L1 69%
Marik et al[12] 340 

(ALF: 24)
(CLD: 146)
(recent LT: 119)
(remote LT: 51)

LD-SST: Peak cortisol < 552 nmol/L or
random cortisol level < 414 nmol/L in non-stressed patients or
random cortisol level < 552 nmol/L in stressed patients 

72%
33%
66%
92%
61%

Tsai et al[8] 101 (cirrhosis+ severe sepsis) SD-SST: Baseline cortisol < 414 nmol/L or
delta cortisol < 250 nmol/L if baseline cortisol between 414 and 938 nmol/L

51%

Fernandez et al[13] 25 (cirrhosis + septic shock) SD-SST: Baseline cortisol < 414 nmol/L or
delta cortisol < 250 nmol/L if baseline cortisol between 414 and 966 nmol/L 

68%

Thierry et al[64] 14 (cirrhosis + septic shock) SD-SST: Baseline cortisol < 414 nmol/L; delta cortisol < 250 nmol/L 77%
du Cheyron et al[65] 50 (critically ill cirrhosis) SD-SST: Baseline cortisol < 414 nmol/L; delta cortisol < 250 nmol/L 

if baseline cortisol between 414 and 938 nmol/L
82%

Vasu et al[86] 24 (critically ill cirrhotics) SD-SST: Definition of AI was not reported 62%
Arabi et al[29] 75 (cirrhosis + septic shock) SD-SST: Delta cortisol < 250 nmol/L 76%
Mohamed et al[85] 15 (cirrhosis+septic shock) SD-SST: Definition of AI was not reported 87%
Thevenot et al[74] 30 (cirrhosis + sepsis) SD-SST: Peak serum total cortisol < 510 nmol/L 10%
Acevedo et al[89] 166 (decompensated cirrhosis) SD-SST: Delta cortisol < 250 nmol/L 26%
Graupera et al[20] 37 (severe acute bleeding) SD-SST: Baseline cortisol < 414 nmol/L and/or delta cortisol < 250 nmol/L 38%
Triantos et al[16] 20 (cirrhosis with variceal bleeding) SD-SST: Baseline cortisol < 276 nmol/L or delta cortisol < 250 nmol/L

LD-SST: Peak serum cortisol < 690 nmol/L or a delta cortisol < 250 nmol/L
30%
60%

El Damarawy et al[66] 45 (cirrhosis with septic shock or HRS, 
cirrhosis without septic shock or HRS)

SD-SST: Baseline cortisol < 414 nmol/L or 
delta cortisol < 250 nmol/L in patients with baseline cortisol < 966 nmol/L

73%

1To convert serum total cortisol concentrations from nanomoles per liter to micrograms per deciliter divide by 27.59[79]. ALF: Acute liver failure; CLD: 
Chronic liver disease; HRS: Hepatorenal syndrome; LT: Liver transplant; AI: Adrenal insufficiency; SD-SST: Standard dose short synacthen test; LD-SST: 
Low dose short synacthen test.
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from serum total cortisol and CBG levels using Coolens’ 
formula[68]. The following definitions of  AI were used by 
the authors: (1) according to serum total cortisol assays: 
baseline < 250 nmol/L, or a peak total cortisol < 500 
nmol/L, or delta cortisol < 250 nmol/L; (2) according 
to salivary cortisol assays: baseline < 1.8 ng/mL, or an 
increase < 3 ng/mL or a concentration < 12.7 ng/mL 
after stimulation. The results indicated a significant dif-
ference in AI prevalence depending on the test used: 
33% when serum total cortisol was considered vs 9.1% 
using salivary cortisol. 

Another study performed by Thevenot et al[74] has 
demonstrated that assessment of  adrenal function with 
measurements of  serum total cortisol overestimated AI 
prevalence in cirrhotic patients. In this study, baseline and 
post-synacthen serum total cortisol, serum free cortisol 
and salivary cortisol concentrations were measured in 
125 cirrhotic patients (95 non-septic, 30 septic). AI was 
defined as serum total cortisol < 510.4 nmol/L after SD-
SST. AI was found in nine patients (7.2%) (6 non-septic;  
3 septic) and restricted to cirrhotics with Child-Pugh C. 
Serum total cortisol concentrations, CBG and albumin 
levels significantly decreased in non-septic patients as 
liver function deteriorated (from Child-Pugh A to C). 

Cirrhotic patients with or without AI had similar basal se-
rum free cortisol and salivary cortisol levels. As the serum 
total cortisol level overestimated the prevalence of  AI in 
cirrhotic patients, and serum free cortisol is not suitable 
for routine laboratory use, authors concluded that meas-
urement of  salivary cortisol is a useful approach in such 
patients. The same group of  investigators[67] analyzed 
only the 95 hemodynamically stable cirrhotic patients 
from the previously mentioned study, who underwent a 
LD-SST. The serum total cortisol and serum free cortisol 
concentrations were measured 30 min before and after 
LD-SST. AI was defined as: (1) basal serum total cortisol 
< 138 nmol/L and < 440 nmol/L after stimulation; (2) 
serum total cortisol < 500 nmol/L after stimulation; and 
(3) cortisol increment < 250 nmol/L. AI prevalence rates 
varied significantly according to the threshold used: 7.4 % 
with basal serum total cortisol, 19% using serum cortisol 
< 440 nmol/L, 27.4 % with serum cortisol < 500 nmol/L, 
and 49.4% with delta cortisol. Serum free cortisol levels 
before and after LD-SST stimulation were higher in the 
more severe cirrhotic patients regardless of  CBG and 
albumin concentrations, and directly associated with the 
risk of  non-transplant-related mortality in hemodynami-
cally stable patients with cirrhosis.

Table 2  Prevalence of adrenal insufficiency in patients with liver cirrhosis, not critically ill

Ref. No. of patients 
(type of cirrhosis)

Diagnosis and definition of AI Prevalence 
of AI

McDonald et al[69] 38 (stable cirrhosis) IIHT: Reduction in maximal increments of plasma cortisol
SD-SST: Reduction in maximal increments of plasma cortisol

64%
39%

Zietz et al[112] 52 (stable cirrhosis) CRHT: Peak cortisol < 550 nmol/L or an increase < 250 nmol/L1

rise of plasma ACTH < twice the baseline
58%
42%

Sigalas et al[87] 47 (stable cirrhosis) SD-SST: Baseline cortisol < 250 nmol/L and delta cortisol < 250 nmol/L 36%
Alessandria et al[88] 25 (cirrhosis and ascites) SD-SST: Delta cortisol < 250 nmol/L 36%
Jang et al[63] 18 (stable cirrhosis) SD-SST: Baseline cortisol < 414 nmol/L delta cortisol < 250 nmol/L 83%
Acevedo et al[19] 198 (10 compensated and 

188 decompensated cirrhosis)
SD-SST: Baseline cortisol < 414 nmol/L
delta cortisol < 250 nmol/L

64%
27%

Galbois et al[45] 88 (stable cirrhosis) SD-SST: (1) Serum total cortisol: Baseline cortisol < 250 nmol/L or 
peak cortisol < 500 nmol/L or delta cortisol < 250 nmol/L
(2) Salivary cortisol: Basal salivary cortisol < 1.8 ng/mL or 
post-stimulation values < 12.7 ng/mL or increase values < 3 ng/mL

33%

  9%

Tan et al[15] 43 (stable cirrhosis) SD-SST: Peak total cortisol < 500 nmol/L; 
delta cortisol < 250 nmol/L; 
peak plasma free cortisol < 33 nmol/L; 
any set of criteria

39%
47%
12%
58%

Thevenot et al[67] 95 (stable cirrhosis) LD-SST: Baseline cortisol < 138 nmol/L; 
< 440 nmol/L after stimulation; 
≤ 500 nmol/L after stimulation; 
delta cortisol < 250 nmol/L

  7%
19%
27%
49%

Fede et al[17] 101 (stable cirrhosis) LD-SST: Peak serum cortisol < 500 nmol/L; 
peak serum cortisol < 442 nmol/L; 
delta cortisol < 250 nmol/L

38%
29%
60%

Triantos et al[16] 60 (stable cirrhosis) SD-SST: Peak serum cortisol < 500 nmol/L
LD-SST: Peak serum cortisol < 500 nmol/L 

30%
48%

Mohamed et al[85] 15 (stable cirrhosis) SD-SST: Definition of AI was not reported 53%
Risso et al[18] 85 (cirrhosis with ascites, 

without sepsis or shock)
SD-SST: Delta cortisol < 250 nmol/L and/or peak cortisol < 500 nmol/L 39%

Vincent et al[73] 26 (liver impairment) SD-SST: Serum total cortisol < 550 nmol/L; 
free cortisol index < 12

46%
13%

1To convert serum total cortisol concentrations from nanomoles per liter to micrograms per deciliter divide by 27.59[79]. AI: Adrenal insufficiency; SD-SST: 
Standard dose short synacthen test; LD–SST: Low dose short synacthen test; CRHT: Corticotropin-releasing hormone test; IIHT: Insulin-induced hypogly-
cemia test; ACTH: Adrenocorticotropic hormone.
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In opposition to the above mentioned studies, recent-
ly, in a prospective study, Molenaar et al[76], using SD-SST, 
assessed the value of  free vs total cortisol levels while 
evaluating AI in 49 septic and 63 non-septic patients with 
treatment-insensitive hypotension and found that total 
cortisol correlated with free cortisol during critical illness. 
Moreover, in sepsis, hypoalbuminemia did not affect total 
and free cortisol, contrary to the findings of  other pub-
lished studies[45,67].

Others, using SD-SST or LD-SST to diagnose adrenal 
dysfunction in patients with stable liver cirrhosis report-
ed high AI prevalence rates[16-19,63,69,73,85,87,88]. Fede et al[17] 
reported an AI prevalence of  38% in 101 patients with 
stable cirrhosis (absence of  infections or hemodynamic 
instability). AI, defined as a peak serum total cortisol 
level < 500 nmol/L after LD-SST, was correlated with 
the severity of  liver disease graded according to Child-
Pugh or MELD scores.

Using SD-SST in 85 cirrhotics with ascites but with-
out sepsis, Risso et al[18] reported AI (delta cortisol < 250 
nmol/L and/or peak cortisol < 500 nmol/L) in 39% of  
patients.

Vincent et al[73] evaluated adrenal function by SD-SST 
in 26 patients with liver impairment. Authors defined AI 
as serum total cortisol < 550 nmol/L or FCI < 12. Three 
patients (13%) met both criteria, 12 patients (46%) had 
a serum total cortisol < 550 nmol/L but an FCI > 12. 
When serum total cortisol was used, 46% of  patients had 
AI, while when using FCI only 13% fulfilled the criteria 
for AI. Authors suggested that FCI is better suited for 
the evaluation of  AI in patients with liver impairment.

Acevedo et al[19], using SD-SST, evaluated the preva-
lence of  AI in 198 patients with liver cirrhosis [10 with 
compensated, 188 with decompensated cirrhosis and com-
plications (hepatic encephalopathy, spontaneous bacterial 
peritonitis, ascites, gastrointestinal bleeding, hepatorenal 
syndrome)]. AI defined as basal serum total cortisol < 
414 nmol/L was found in 64% of  patients, and only in 
27% when delta cortisol < 250 nmol/L was used, with 
no differences between compensated and decompen-
sated cirrhosis. The same group of  researchers evaluated 
the prevalence and prognostic value of  AI in 166 pa-
tients with advanced cirrhosis (no severe sepsis or septic 
shock)[89]. AI, defined as delta cortisol < 250 nmol/L 
after SD-SST, was found in 26% of  patients. Those with 
AI had a higher degree of  circulatory dysfunction, greater 
prevalence of  systemic inflammatory response syndrome, 
increased probability to develop severe infections, and 
higher hospital mortality rates than patients without AI.

AI after LT
AI has been reported both early as well as late after 
LT[12,21-23,90].

With LD-SST, Marik et al[12] found that 92% of  119 
patients undergoing recent LT and maintained on steroid-
free immunosuppressive regimens had AI. The steroid-
free immunosuppressive regimen may expose patients 
undergoing LT to an increased risk for AI, while the use 

of  steroids intra and postoperatively in LT may reduce 
such a risk or mask an AI[46]. Furthermore, LD-SST is 
not recommended for the diagnosis of  AI in high-stress 
conditions like LT[6] as it may lead to an overestimated AI 
prevalence in such patients. 

Toniutto et al[21], using SD-SST, reported an AI preva-
lence rate of  26% in 87 patients having received LT for 
end-stage liver disease and maintained on prolonged im-
munosuppressive treatment. 

Patel et al[90] reported significantly reduced require-
ments for fluid, vasopressors, invasive ventilation, and 
renal replacement therapy, and intensive care unit stay 
for patients undergoing LT who received 1000 mg methy-
lprednisolone prior to the liver graft reperfusion.

TReaTmeNT
Cortisol has several beneficial effects such as an increase 
of  the vascular tonus and cardiac output, enhancement 
of  catecholamine responsiveness, inhibition of  the pro-
duction of  nitric oxide, modulation of  cytokine produc-
tion in septic shock[32,91-97], but the effects of  cortico-
steroid therapy in sepsis, severe sepsis and septic shock 
remain, however, controversial. Thus, a significant reduc-
tion in mortality rate with hydrocortisone therapy in pa-
tients with septic shock has been reported in several stud-
ies and meta-analyses[6,28,39,98-101], while others have shown 
no effect on the 28-d mortality rate[14,29,102]. Both doses 
and duration of  corticosteroid therapy vary significantly 
in published studies[6,28,39,40,102,103]. Thus, some used a daily 
dose of  hydrocortisone (or equivalent) of  200-300 mg 
(“low-dose”, also called “physiologic-dose” or “stress-
dose”)[3,28,39,98,100-105] while others used a “supra-physiologic” 
dose (> 300 mg)[98,106-108]. 

None of  the early studies using high doses of  corti-
costeroids for short courses reported any benefit[98,106-108], 
while more recent studies using a “physiologic-dose” for 
longer durations have shown a significant reduction in 
vasopressor agents requirement and in intensive care unit 
length of  stay, greater shock resolution, and decreased 
mortality[6,28,39,98,100,104,105,109-111]. A randomized, double-
blind placebo controlled trial, CORTICUS (Corticoste-
roid Therapy of  Septic Shock)[102] including 499 patients 
with septic shock randomized to hydrocortisone (50 mg 
intravenously every 6 h for 5 d, followed by 50 mg intra-
venously every 12 h for 3 d, and then by 50 mg daily for 
3 d) or placebo, concluded that there was no benefit in 
terms of  mortality, although steroid administration was 
associated with a greater shock reversal, but also with a 
higher incidence of  episodes of  new infections. On the 
other hand, Annane et al[28] in a randomized, double-blind 
controlled trial have found that the administration of  
hydrocortisone (50 mg intravenously every 6 h) and oral 
fludrocortisone (50 µg once daily) in patients with refrac-
tory septic shock and AI (delta cortisol < 250 nmol/L) 
resulted in a 30% decrease in 28-d mortality. It should be 
mentioned that consensus statements from an interna-
tional task force[6] recommended corticosteroid therapy 
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(intravenous hydrocortisone 200-300 mg/d in four di-
vided doses for a week before tapering slowly) in patients 
with vasopressor-dependant septic shock.

Like in patients with severe sepsis/septic shock with 
other causes than liver cirrhosis, as mentioned above, the 
effects of  steroid therapy in cirrhotic patients with AI 
remain controversial, some studies reporting beneficial 
results[12-14] while a recent randomized control study[29] 
has shown no benefit (Table 3).

Harry et al[14] evaluated the effects of  stress doses of  
hydrocortisone in a retrospective comparative study in-
cluding 40 patients. Twenty patients received hydrocor-
tisone (300 mg/d) for 4-5 d. In patients with acute-on-
chronic liver failure requiring norepinephrine support, 
the results showed a reduction in vasopressor doses, but 
no survival benefit; moreover, corticosteroid therapy was 
associated with a significant increase in infections.

Another study, carried out by Marik et al[12] evaluated 
the effect of  300 mg/d hydrocortisone given intrave-
nously in vasopressor-dependant patients with acute or 
chronic liver disease. In patients with AI, treatment with 
hydrocortisone was associated with a significant reduc-
tion of  the norepinephrine dosage at 24 h and with a 
lower mortality (P = 0.02), whereas in those patients 
without AI hydrocortisone did not affect the norepi-
nephrine dose.

Fernández et al[13], in a prospective but non-random-
ized study have evaluated adrenal function by SD-SST 
and the effects of  low-dose hydrocortisone in 25 pa-
tients with advanced cirrhosis and septic shock. Patients 
with AI received intravenous hydrocortisone (50 mg ev-
ery 6 h) and results were compared with those obtained 
from a retrospective 50 cirrhotic patients with septic 
shock in whom adrenal function was not investigated 
and who did not receive corticosteroid therapy. Results 
showed that hydrocortisone therapy was associated with 
a significant increase in shock resolution and hospital 
survival rate. Authors suggested that all cirrhotic patients 
with AI should be treated with hydrocortisone.

Recently, Arabi et al[29] in a randomized controlled 
trial, have shown that low dose hydrocortisone therapy 
in cirrhotic patients with septic shock had a significant 
reduction in vasopressor doses and higher rates of  shock 
reversal, but it did not reduce mortality and was associ-

ated with an increase in adverse effects (gastrointestinal 
bleeding) and shock relapse.

Based on the above mentioned studies, there are still 
several unsolved problems and questions awaiting an-
swers. Thus, re-evaluation of  both doses and duration 
of  corticosteroid therapy is necessary. Obviously, further 
prospective randomized clinical studies are needed to 
assess the effect of  corticosteroid therapy in critically ill 
cirrhotic patients with AI.

CONClUsION
AI occurs frequently in patients with liver cirrhosis both 
during critical illness and in stable disease. Studies, how-
ever, do not agree on the prevalence of  AI in cirrhotic 
patients, mostly because of  the different criteria and the 
methodology used to define AI. Diagnosis of  AI in pa-
tients with liver cirrhosis remains controversial (particu-
larly in those critically ill) as all diagnostic tests proved 
their limitations. Pathogenesis of  AI in liver cirrhosis is 
still unknown, although decreased levels of  cholesterol 
(mainly HDL cholesterol) and increased levels of  pro-
inflammatory cytokines and circulating endotoxin have 
been put forward. Some data suggest that AI may be a 
feature of  cirrhosis per se, with a pathogenesis subtly dif-
ferent from that occurring in septic shock from other 
causes. Yet, there is still controversy in what concerns 
treatment with corticosteroids, although some cirrhotic 
patients with vasopressor resistant shock may benefit. 
However, further prospective, randomized clinical tri-
als are necessary to assess the effect of  corticosteroid 
therapy in critically ill patients with cirrhosis.
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Efficacy and safety of paritaprevir/ritonavir,
ombitasvir, and dasabuvir with ribavirin for the
treatment of HCV genotype 1b compensated
cirrhosis in patients aged 70 years or older
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Abstract
Advanced age has been a major limitation of interferon-based treatment for chronic hepatitis C virus (HCV) infection because of its
poor response and tolerability. Direct-acting antiviral (DAA) drug regimens are safe and highly effective, allowing administration of
treatment also in elderly. This study aims to assess the efficacy and safety of paritaprevir/ritonavir, ombitasvir, and dasabuvir (PrOD)
with ribavirin for the treatment of patients aged ≥70 years with HCV genotype 1b compensated cirrhosis.
A total of 1008 patients with HCV genotype 1b compensated cirrhosis were prospectively treated with PrOD+ribavirin for

12 weeks, between December 2015 and July 2016. Sustained virologic response 12 weeks after the end of treatment (SVR12),
adverse effects (AEs), comorbidities, discontinuation, and death rates were recorded. Efficacy and safety of therapy were assessed in
patients aged ≥70 years and compared with data from patients <70 years.
There were 117 patients aged ≥70 years, preponderantly females (58.9%), mean age 73.3±2.8 years (range 70–82), and 37

(31.6%) were treatment-experienced. Comorbidities were reported in 60.6% of patients ≥70 years and in 39.8% of those<70 years
(P< .001). SVR12 rates based on intention-to-treat and per-protocol analyses were 97.4% and 100%, respectively, in patients ≥70
years, compared to 97.8% and 99.6%, respectively, in patients<70 years (P=ns and P=ns). Severe AEs were reported in 4 (3.4%)
patients ≥70 years, compared to 23 (2.6%) in those <70 years (P=ns). One death was recorded in a patient aged 79 years (0.9%)
and 6 deaths (0.8%) in those <70 years (P=ns).
Treatment with PrOD+ribavirin in patients 70 years of age or older with HCV genotype 1b compensated cirrhosis proved as

effective, safe, and well tolerated, as it did in younger patients.

Abbreviations: AE = adverse event, DAA = direct acting antiviral, EOT = end of treatment, HCV = hepatitis C virus, ITT =
intention-to-treat, PP = per-protocol, PrOD = paritaprevir/ritonavir, ombitasvir and dasabuvir, SVR = sustain virologic response,
SVR12 = sustained virologic response 12 weeks after the end of treatment.
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1. Introduction

Chronic hepatitis C virus (HCV) infection affects approximately
150million people worldwide and is the leading cause of cirrhosis
and hepatocellular carcinoma when left untreated.[1] Among the
genotypes of HCV infection, genotype 1 is the most common,
accounting for 60% to 70% of all infections, while subgenotype
1b is predominant in some parts of Europe.[2] It is well-known
that in the era of interferon-based therapy, HCV genotype 1
infection was “difficult-to-treat,” as these patients had sustain
virologic response (SVR) rates of just 40%.[3]

The elderly population is most likely to be infected with HCV
and has advanced liver disease as compared to the younger
people.[4] Advanced age has been a major limitation of pegylated
interferon and ribavirin therapy for chronic HCV infection
because of its poor response and tolerability. Consequently, the
great majority of elderly patients (if not all, in some countries),
defined as those aged 65 years or older, were denied antiviral
treatment solely on the basis of their advanced age.[5] In
consequence, there is nowadays a large cohort of elderly patients
with chronic HCV infection untreated (with interferon-based
therapy) and in great need for a new treatment.
Interferon-free regimens are safe and highly effective, allowing

treatment for elderly chronic HCV-infected patients without any
age limit.[6–9] However, pivotal trials of all oral combinations
with direct-acting antivirals (DAAs) included few elderly patients
with compensated cirrhosis.[10–12] Twelve-week treatment of
HCV genotype 1 compensated cirrhosis with paritaprevir/
ritonavir, ombitasvir, and dasabuvir (PrOD) with ribavirin
was approved in many countries, including Romania, based on
the results of a phase III trial showing an SVR response 12 weeks
after the end of therapy (sustained virologic response 12 weeks
after the end of treatment [SVR12]) well above 90%.[13] More
recently, the HCV regimen of 12-week PrOD without ribavirin
reported 100% SVR12 in HCV genotype 1b-infected patients
with compensated cirrhosis, meaning that ribavirin does not
provide evidence of improving the effectiveness in such patients
treated with PrOD.[14]

This study aims to assess the real-world efficacy and safety of
PrOD with ribavirin for the treatment of HCV genotype 1b
compensated cirrhosis in patients aged 70 years and older.

2. Methods

2.1. Patients

One thousand and eight patients with HCV genotype 1b
compensated cirrhosis, treatment-experienced or naïve, were
prospectively followed and treated with PrOD+ribavirin for 12
weeks across 10 academic centers of gastroenterology/infectious
diseases from all over Romania, between December 1, 2015 and
July 31, 2016. Eligible patients were enrolled and assessed
following the criteria established by the Romanian National
Health Insurance House: adults 18 years of age and above with
HCV genotype 1, Child–Pugh class A compensated cirrhosis
defined as F4 by Fibromax Biopredictive (Fibrotest score ≥0.75).
Exclusion criteria were: decompensated liver cirrhosis, severe
chronic kidney disease, documented malignant neoplastic
disease, active alcohol consumption, and human immunodefi-
ciency virus coinfection.
All eligible patients signed an informed consent and received

treatment with PrOD+ribavirin according to the therapeutic
protocol. The PrOD regimen contains paritaprevir 75mg boosted
with ritonavir 50mg and ombitasvir 12.5mg (Viekirax, AbbVie

Deutschland Gmbh&Co Ludwigshafen, Germany) 2 tablets in a
single daily dose, and dasabuvir (Exviera 250mg AbbVie
Deutschland GmbH & Co Ludwigshafen) twice-daily adminis-
tration. The dose of ribavirin was 1000mg/day in patients
weighting <75kg or 1200mg/day in those weighting >75kg.
This study was approved by National Ethics Committee, and

written informed consent was obtained from each patient in
accordance with the principles of the Declaration of Helsinki.

2.2. Methods

Blood and urine samples were taken for laboratory analyses at
baseline, on weeks 4, 8, 12 (end of treatment [EOT]), 12 weeks
after the treatment, and whenever it was necessary. Baseline
clinical data referred to gender, age, treatment history,
comorbidities, and concomitant medication. Laboratory data
included HCV RNA level (at baseline, EOT, and SVR12),
genotype and subgenotype, liver function tests (aspartate and
alanine aminotransferases, bilirubin, alkaline phosphatase,
gamaglutamyl transpeptidase, albumin, and international nor-
malized ratio), serum creatinine and creatinine clearance,
hemoglobin, platelet count, and alpha-fetoprotein. Child–Pugh
and Model of End-Stage Liver Disease scores were calculated at
baseline and 12 weeks after the end of therapy. SerumHCVRNA
levels were measured with the COBAS TaqMan HCV Quantita-
tive Test (Roche Molecular Systems, Inc. Branchburg, NJ) with a
lower limit of quantification and detection of 15IU/mL.
Efficacy of therapy was assessed by the percentage of patients

achieving SVR12 (defined as HCV RNA below the limit of
detection 12 weeks after the end of therapy) calculated based on
intention-to-treat (ITT) and per-protocol (PP) analysis. ITT
population was defined as all patients receiving at least 1 dose of
medication while PP population included all patients who
completed the 12 weeks of therapy. Safety and tolerability
assessment included physical examinations, laboratory data
analysis, and all adverse effects (AEs) recorded from the time of
the 1st dose of treatment to the last one. Severe adverse events
(SAEs), therapy discontinuation, and death rate were recorded.

2.3. Statistical analysis

Continuous variables with normal distribution were expressed as
mean±SD, while categorical variables were expressed as
absolute values and percentages. The Chi-square test was used
to compare categorical data. Quantitative variables with normal
distribution were compared using the Student t test. For
nonnormal data, we used nonparametric methods such as the
Mann–Whitney U test, while the Kolmogorov–Smirnov test was
used to check the normality of the data distributions. The efficacy
analysis examined data concerning the total patient population
by age at baseline (≥70 or<70 years), whereas the safety analysis
described the number and percent of patients with adverse effects
or laboratory abnormalities. P value less than 0.05 was
considered statistically significant. Statistical analysis was carried
out using the SPSS 19.0 software (SPSS Inc., Chicago, IL).

3. Results

3.1. Baseline characteristics

Among the 1008 patients included in our analysis (51.7%
females), mean age 59.2±8.7 years (range 33–82), and 117
(11.6%) were aged ≥70 years. Most of the elderly patients were
females (58.9%), mean age 73.3±2.8 years (range 70–82), and
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37 of them (31.6%) were treatment-experienced. Comorbidities
were reported in 60.6% of patients aged ≥70 years compared to
39.8% of those below 70 years (P<0.001). The most frequently
met comorbidity in the patients ≥70 years was cardiovascular
disease (hypertension, ischemic heart disease, and atrial fibrilla-
tion) (Table 1). At baseline, a significant number of patients aged
≥70 years had reduced estimated glomerular filtration rate and
hemoglobin level than those<70 years (Table 1). Improvement in
the laboratory results was noted at the EOT, while aspartate
aminotransferase and alanine aminotransferase values in both
age groups were normalized in most of the patients at 4 weeks of
therapy. There were no differences in Child–Pugh and Model of
End-Stage Liver Disease scores between patients ≥70 and those
<70 years of age.

3.2. Efficacy

SVR12 rates based on ITT analysis were 97.4% in patients ≥70
years, compared to 97.8% in those <70 years of age (P= .82),
while SVR12 rates based on PP were 100% in the older group
compared to 99.6% in the younger group (P= .61), as shown in
Table 2. The SVR12 in treatment-naïve patients was 97.5% (78/
80) for those ≥70 years of age and 98.2% (381/388) for those
<70 years, while for treatment-experienced patients the SVR12
was 97.0% (36/37) for those ≥70 years and 99.4% for those<70
years of age, the differences not being statistically significant.

3.3. Safety

A total of 37.6% of patients aged ≥70 years and 34.6% of those
<70 years of age (P= .51) reported at least 1 AE considered by
their physicians as treatment-related (Table 2). The great
majority of AEs were mild and manageable, none leading to
treatment discontinuation. The most frequent reported AEs in
both age groups were: asthenia, pruritus, insomnia, and headache

(Table 2). Severe AEs were reported in 4 patients (3.4%) aged
≥70 years (1 decompensation of liver cirrhosis, 1 heart failure, 1
stroke, and 1 acute kidney failure), compared to 23 patients
(2.6%) in the group <70 years of age (P= .54) (14 decompensa-
tion of liver cirrhosis: 5 variceal bleeding, 3 ascites, 4 hepatic
encephalopathy, 2 isolated grade 4 increase of direct bilirubin).
One death occurred (0.9%) in a patient aged 79 years (heart

failure, not related in any way to PrOD/RBV therapy), and 6
deaths were reported (0.7%) in those under 70 years (2 variceal
bleeding, 2 severe liver decompensation, 1 sepsis, and 1
malignant arrhythmia) (P= .88) (Table 2). In the elderly group,

Table 2

Efficacy and safety of paritaprevir/ritonavir, ombitasvir, and
dasabuvir+ribavirin treatment by age.

Characteristics
≥70 y

(n=117)
<70 y
(n=891) P

Efficacy
ITT SVR12, n, % 114 (97.4) 872 (97.8) 0.82
PP SVR12, n, % 114 (100) 872 (99.6) 0.61

Safety
Any AE, n, % 44 (37.6) 308 (34.6) 0.51
Common AEs 13 (11.1) 92 (10.3) 0.79
Asthenia 5 (4.3) 67 (7.5) 0.20
Pruritus 4 (3.4) 33 (3.7) 0.87
Insomnia 3 (2.6) 31 (3.5) 0.60
Headache 3 (2.6) 26 (2.9) 0.82

SAEs, n, % 4 (3.4) 23 (2.6) 0.54
Decompensation of liver cirrhosis 1 (0.9) 14 (1.5) 0.74
Variceal bleeding 0 5 (0.5)
Ascites 1 (0.9) 3 (0.3) 0.48
Hepatic encephalopathy 0 4 (0.4)
Isolated grade 4 increase of direct bilirubin 0 2 (0.2)

Cardiovascular
Heart failure 1 (0.9) 1 (0.1) 0.03
Stroke 1 (0.9) 1 (0.1) 0.03
Malignant arrhythmia 0 1 (0.1)

Acute pancreatitis 0 1 (0.1)
Sepsis 0 1 (0.1)
Severe depression 0 2 (0.2)
Nonvariceal upper digestive bleeding 0 2 (0.2)
Acute kidney failure 1 (0.9) 0

Treatment discontinuation, n, % 3 (2.6) 15 (1.7) 0.36
Death 1 (0.9) 6 (0.8) 0.88
Decompensation of liver cirrhosis
Ascitis 1 (0.9) 0
Hepatic encephalopathy 0 3 (0.3)
Isolated grade 4 increase of direct bilirubin 0 2 (0.2)

Cardiovascular
Heart failure 0 1 (0.1)
Stroke 1 (0.1) 1 (0.1) 0.03

Severe depression 0 2 (0.2)
Death, n, % 1 (0.9) 6 (0.8) 0.88
Liver disease related death
Variceal bleeding 0 2 (0.2)
Severe liver decompensation 0 2 (0.2)

Nonliver disease related death
Heart failure 1 (0.9) 0
Sepsis 0 1 (0.1)
Malignant arrhythmia 0 1 (0.1)

Ribavirin treatment
Dose reduction 31 (26.5) 162 (18.2) 0.14
Discontinuation 11 (9.4) 51 (5.7) 0.13

AE= adverse effects, ITT= intention-to-treat, PP=per-protocol, SAE= severe adverse effects,
SVR= sustained virologic response.

Table 1

Baseline demographics and laboratory characteristics in patients
aged ≥70 and <70 years treated with paritaprevir/ritonavir,
ombitasvir, and dasabuvir+ribavirin.

Characteristics
≥70 y

(n=117)
<70 y
(n=891) P

Age, y, mean±SD, range 73.3±2.8 57.4±7.5 <.001
70–82 33–69

Female, n, % 69 (58.9) 452 (50.7) .093
Treatment experienced, n, % 37 (31.6) 503 (56.4) <.001
Comorbidities, n, % 71 (60.6) 355 (39.8) <.001
Cardiovascular 48 (41.0) 177 (19.9) <.001
Diabetes mellitus 13 (11.1) 123 (13.8) .42

Platelet count �109/L, mean±SD 143.54±6.1 142.63±2.3 .94
Hemoglobin, g/dL, mean±SD 13.62±1.7 14.25±1.6 <.001
Albumin, g/dL, mean±SD 4.01±0.4 4.02±0.6 .97
eGFR, mL/min, mean±SD 72.04±23.3 101.7±30.7 <.001
Total bilirubin, mg/dL, mean±SD 1.04±0.45 1.09±0.5 .40
AST, UI/L, mean±SD 101.25±59.8 101.5±86.5 .97
ALT, UI/L, mean±SD 98.0±56.0 100.7±69.1 .50
INR, mean±SD 1.19±0.4 1.15±0.26 .18
Child–Pugh score, n, %
5 104 (88.8) 779 (87.4) .65
6 13 (11.2) 112 (12.6)

MELD score, mean±SD 8.01±1.2 7.95±1.6 .87

ALT= alanine aminotransferase, AST=aspartate aminotransferase, eGFR=glomerular filtration rate,
INR= international normalized ratio, MELD=Model of End-Stage Liver Disease, SD= standard
deviation.
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of the 4 patients with SAEs, 3 discontinued therapy (1 death, 1
liver decompensation, and 1 stroke), and the 1 with acute kidney
failure continued therapy after withdrawal of ribavirin. In the
younger group, among the 23 patients with SAEs, 15 of them
discontinued therapy (6 deaths, 3 hepatic encephalopathy, 2
isolated grade 4 increase of direct bilirubin, 2 severe depression, 1
stroke, and 1 heart failure). Modification of the ribavirin dose
(due to anemia and/or increased bilirubin levels) was required in
31 (23.1%) of the patients aged ≥70 years and in 162 (18.2%) of
those <70 years (P= .14).

4. Discussion

The elderly patients with chronic HCV infection, defined in most
studies as those aged 65 years or older, were usually denied
previous pegylated interferon and ribavirin therapy because of
severe adverse effects and poor response.[5,15] Therefore, there is
a large cohort in real clinical practice setting of untreated elderly
patients with chronic HCV infection and with advanced liver
disease. This cohort is in great need for a treatment due to the
progressive nature of their disease. Fortunately, interferon-free
HCV therapy with DAAs is highly effective and safe, allowing
treatment for elderly patients in whom several studies reported
similar SVR rates as those obtained in younger patients.[6–9]

Controlled clinical trials with PrOD+ribavirin in patients with
chronic HCV genotype 1 infection have reported SVR12 rates
ranging from 91.8% to 98.3% in cirrhotic and noncirrhotic
patients,[10,11,13,16] while with PrOD without ribavirin in HCV
genotype 1b noncirrhotic patients SVR12 rates varied from
96.7% to 99.5%.[11,13,16] Poordad et al[13] in a phase 3 clinical
trial of patients with HCV genotype 1 compensated cirrhosis
(Child–Pugh class A) treated with PrOD+ribavirin for 12 weeks
reported SVR12 rates of 91.8% (98.5% in HCV genotype 1b
patients). Based on the results of this study, PrOD+ribavirin for
12 weeks regimen has been recommended for patients with HCV
genotype 1 compensated cirrhosis.[17,18] More recently, Feld
et al[14] have demonstrated that PrOD regimen without ribavirin
for 12 weeks was highly effective (100% SVR 12) and well
tolerated in HCV genotype 1b patients with compensated
cirrhosis, and now this regimen is recommended by both
American Association for the Study of Liver Diseases/Infectious
Diseases Society of America and European Association for the
Study of the Liver guidelines.[19,20] Eliminating ribavirin from
this regimen without reducing efficacy will certainly improve the
safety profile.
In our real-world cohort of HCV genotype 1b patients aged 70

years or older with compensated cirrhosis treated with PrOD+
ribavirin for 12 weeks, the SVR12 rates based on ITT or PP
analyses were 97.4% and 100%, respectively, compared to
97.8% and 99.6%, respectively, in cirrhotic patients aged <70
years, the differences being statistically nonsignificant. Of the
patients aged≥70 years, 37.6% reported at least 1 AE considered
as treatment-related, a proportion slightly higher but with no
statistical significance compared with patients under 70 years of
age (34.6%). Most AEs were mild and none was leading to
treatment discontinuation. Also, the percentage of SAEs was not
significantly higher in patients aged ≥70 years when compared to
those less than 70 years of age (3.4% vs 2.6%; P= .54). This
safety profile is even better than one might expect, considering
that all subjects included in the study were older patients with
cirrhosis; the safety profile in our study was undoubtedly better
than in other studies.[9,21] Such high SVR 12 rates and good
safety profiles obtained in our study may be partially explained

by the requirements imposed by our national regulations
according to which treatment was conducted only in tertiary
centers and under the close monitoring of experienced gastro-
enterologists and infectious diseases specialists.
Our study was carried out in a real-life setting on a

homogeneous elderly population (≥70 years of age) with
HCV-genotype 1b compensated cirrhosis only, which is what
makes it uniquely interesting among many others of its kind.
There are but few published studies regarding efficacy of PrOD±
ribavirin in patients with HCV genotype 1 compensated cirrhosis
in real life setting.[9,21–23] Thus, Chamorro-de-Vega et al[21] from
Spain evaluated in a prospective study the effectiveness and safety
in real clinical practice of PrOD± ribavirin for 12 weeks in
patients with chronic HCV genotype 1 (82% genotype 1b)
infection and reported a SVR12 rate of 93.8% in cirrhotic
patients and 100% in noncirrhotic patients, while AEs occurred
in 91.7%of patients (in mild forms, mostly), although none led to
premature discontinuation. Of note, patients’ average age was 60
years. The study of Walker et al[22] assessed real-world
effectiveness of 2 therapeutic regimens (PrOD and sofosbuvir/
ledipasvir) in patients with HCV genotype 1 infection and
reported similar high SVR12 rates in both regimens, consistent
with results from registrations trials; however, for PrOD
regimens with 100% SVR12 rates, the sample size was very
low (n=15) and included only 1 cirrhotic patient and, therefore,
no direct comparison with our study is possible. Another
published study assessing real-world effectiveness and safety of
PrOD± ribavirin comes from Poland and reported an SVR12 rate
of 98.3% in patients with liver cirrhosis, and a higher rate of AEs
(72% of cases) than in our study.[9] From Asia (Hong Kong),
Chan et al[23] in a retrospective, real-life study including 41
patients with chronic HCV genotype 1 infection (85% had
genotype 1b and 61% had compensated liver cirrhosis), PrOD+
ribavirin regimen for 12 weeks achieved 95% SVR12 rate, results
comparable to the pivotal studies from the West. Similar results
have been reported by other studies which included elderly
patients treated with PrOD± ribavirin or other DAAs regi-
mens.[6,7,24–32] Recently, Conti et al,[7] evaluated the efficacy and
safety of some DAA regimens in elderly patients, defined as those
over 65 years of age with HCV-related advanced fibrosis/
cirrhosis, in a real-life clinical setting, and reported that all DAAs
regimens used (including PrOD± ribavirin) were effective and
safe in elderly patients with genotype 1b cirrhosis, with SVR12 of
95%. Ioannou et al[32] also reported high SVR rates in the
Veteran Affair National Health System patients with HCV
genotype 1 and cirrhosis, either treatment-naïve or experienced,
treated with PrOD and ribavirin, similar to that obtained under
sofosbuvir-based regimens. Saab et al[6] evaluated four open-
label phase 3 clinical trials and reported SVR12 of 94% in
patients >65 years with HCV genotype 1 cirrhosis who had
received ledipasvir/sofosbuvir for 12 weeks, and this regimen
proved safe and tolerable for elderly patients.
To our knowledge, our study represents the largest one yet

published on PrOD+ribavirin efficacy and safety in patients aged
≥70 years with HCV-genotype 1b compensated cirrhosis in a
real-life setting. This study has some strengths such as being
prospective, multicentered and including a large number of
homogeneous patients ≥70 years of age with HCV genotype 1b
compensated cirrhosis only, treated with PrOD+ribavirin.
However, our study has also some limitations, the most
important one being the absence of assessment concerning
long-term impact of SVR12 on the progression of liver disease in
elderly patients.
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In conclusion, our results demonstrate that a 12-week regimen
of PrOD+ribavirin is highly effective, safe, and well-tolerated
treatment for patients aged 70 years or older with HCV-genotype
1b compensated cirrhosis, adding new evidence that advanced
age should not be a barrier anymore in treating this growing
subgroup of HCV patients.
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Background & Aims: Liver fibrosis stage is traditionally assessed
with biopsy, an imperfect gold standard. Two widely used tech-
niques, FibroTest�, and liver stiffness measurement (LSM) using
Fibroscan� have been validated using biopsy, and therefore the
true performances of these estimates are still unknown in the
absence of a perfect reference.

The aim was to assess the relative accuracy of FibroTest, LSM,
and biopsy using methods without gold standard in patients with
chronic hepatitis C (CHC) and controls.
Methods: A total of 1289 patients with CHC and 604 healthy vol-
unteers, with assessment of fibrosis stage by the three tech-
niques, and alanine aminotransferase (ALT) taken as a control
test, were analyzed by latent class method with random effects.
In the volunteers, the false positive risk of biopsy was obtained
from a large surgical sample of four normal livers.
Results: The latent class model with random effects permitted to
conciliate the observed data and estimates of test performances.
For advanced fibrosis, the specificity/sensitivity was for FibroTest
0.93/0.70, LSM 0.96/0.45, ALT 0.79/0.78 and biopsy 0.67/0.63,
and for cirrhosis FibroTest 0.87/0.41, LSM 0.93/0.39, ALT 0.78/
0.08 and biopsy 0.95/0.51. The analysis of the discordances
between pairs suggested that the variability of the model was
mainly related to the discordances between biopsy and LSM (resid-
uals >10; p <0.0001).
Conclusions: A method without the use of a gold standard con-
firmed the accuracy of FibroTest and Fibroscan for the diagnosis

of advanced fibrosis and cirrhosis in patients with chronic hepa-
titis C. The variability of the model was mostly due to the discor-
dances between Fibroscan and biopsy.
� 2011 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

New tests generally are evaluated in comparison with a reference
test, often termed a ‘‘gold standard’’, whose sensitivity and spec-
ificity are both assumed to be 100%. If the reference test is not
perfect, classical estimates of accuracy (sensitivity, specificity
and AUROC) of the new diagnostic test are false [1].

One example of major debate surrounds the efforts to find the
best means of evaluating and managing the increasing numbers of
patients with chronic liver disease [2,3]. Liver biopsy, due to its
risks and limitations, is no longer considered mandatory as the
first-line indicator of liver injury, and several markers have been
developed as non-invasive alternatives [2,3]. Among patients with
chronic viral hepatitis, the assessment of liver fibrosis by two
validated non-invasive techniques, biomarkers [FibroTest� (FT)]
Biopredictive Paris, France [4] and liver stiffness measurements
(LSM) by Fibroscan� Echosens, Paris, France [5], is now widely
done in countries where these techniques are available and
approved [6].

The true liver disease status, the ‘‘true gold standard’’, is the
histological analysis of large surgical biopsies [7]. Therefore, the
definitive diagnosis is impossible to obtain in routine practice,
and liver biopsy, an ‘‘imperfect gold standard’’, is used as a
standard against which new tests are evaluated.

In this situation with several tests and no perfect gold standard,
latent class analysis has been recommended to better estimate the
rate of false positives and false negatives [1], and we previously
performed a pilot study using this methodology [8].

The aim was then to apply this methodology to estimate the
relative accuracy of FT, LSM and biopsy for the diagnosis of fibro-
sis in the absence of a gold standard in a large group of patients,
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with CHC, independent of our institution, and in healthy volun-
teers. The reference was the model which fitted the best the
observed distribution of the estimates of fibrosis.

Materials and methods

Patients

The final database included 1893 subjects retrospectively extracted from four
prospective cohorts (Fig. 1): three populations of patients with CHC (n = 1289
out of 2675), and one population of apparently healthy volunteers (Healthy
cohort, n = 604 out of 766). HCV patients belonged to one tertiary center in Bor-
deaux, France (Bordeaux cohort, n = 768) [9], one multicenter French study
(Fibrostar cohort, n = 378) [10] and one multicenter Romanian study (Romanian
cohort, n = 143) [11].

The inclusion criteria were retrospectively determined: patients had to have
chronic hepatitis C, be PCR positive, and have the results of liver biopsy, FibroTest,
LSM and alanine aminotransferase [ALT] interpretable according to the usual rec-
ommendations and precaution of use [4,9]. In all these cohorts, each of the four
tests was performed without knowledge of the three others.

Controls

This group was analyzed in order to define the specificity of each test, as the prob-
ability of true advanced fibrosis was very low. Among a prospective cohort of
healthy volunteers, a group of 604 subjects without any risk of liver disease was ret-
rospectively selected [12]. The inclusion criteria were: no liver disease history, no or
low alcohol consumption (610 g/day for females,620 g/day for males), HBsAg neg-
ative, HCV antibodies negative, and FibroTest and LSM results interpretable.

As it was not possible to perform liver biopsy in these healthy volunteers, we
used large surgical biopsies obtained from four subjects without liver disease.
From the digitized image of the whole section, 626 virtual biopsy specimens of
20 mm length were produced [13] (Supplementary Table 1).

FibroTest and ALT

FibroTest was performed according to published recommendations [4]. The fol-
lowing usual recommended cut-offs were used to estimate the presumed fibrosis
stages: 0.48, and 0.74 for the F2 and F4 staging, respectively. ALT was used as a
control liver test as a nonspecific biomarker of liver injury. As there is no

consensual definition for the upper limit of normal for ALT, the following simple
cut-offs were predetermined: 50 IU/L and 100 IU/L for F2 stage and F4 stage
METAVIR, respectively.

Liver stiffness measurements

Patients were studied using transient elastography. The LSM results are expressed
in kilopascals (kPa). For LSM reliability, the recommended criteria were a success
rate greater than 60%, at least 10 valid LSM and interquartile range/median
LSM <30% [9]. The following usual recommended cut-offs were used to estimate
the presumed fibrosis stages: 8.8, and 14.5 kPa for the F2, and F4 staging, respec-
tively [9,14,15].

Biopsy among patients with chronic hepatitis C

Staging and grading were performed blinded to the non-invasive methods. In the
three groups, liver biopsies were performed with a 1.6 mm needle (Hepafix,
Brown, Melsungen, Germany), and were formalin-fixed and paraffin embedded.
Sections (4 mm) were stained with hematoxylin-eosin-saffron and picrosirius
red. The liver fibrosis stage was evaluated according to the METAVIR scoring sys-
tem [16] by one senior pathologist in the Bordeaux cohort and in the Romanian
study, by two senior liver pathologists in Fibrostar. In Fibrostar, slides were
simultaneously reviewed to reach a consensus in case of disagreement; to be eli-
gible for scoring, biopsies less than 20 mm had to measure at least 15 mm and/or
contain at least 11 portal tracts, except for cirrhosis. The reliability of biopsy was
decided by each pathologist in the Romanian study and Bordeaux cohorts.

Design and modeling

Concept
The first concept was to estimate the performances of four estimates (tests) of
liver fibrosis using methods without a gold standard.

The second concept was to use a control population without any risk of
chronic liver disease, therefore with a very low risk of advanced fibrosis. This con-
cept will permit to assess the performance of the fibrosis tests in screening strat-
egies. As a biopsy cannot be directly performed in a large group of non-selected
healthy volunteers, the distribution of subjects according to the results of a virtual
biopsy (fibrosis present or absent) was calculated using the prevalence of fibrosis
observed using large surgical biopsies from normal livers. For each eight possible
combinations of FibroTest, LSM and ALT results (fibrosis present or absent), the
number of virtual biopsy results (fibrosis present or absent) was calculated by
multiplying the number of subjects in each eight possible combinations by the

214 LSM
failure/non reliable
3 FibroTest/ALT
not reliable
159 lost to follow-up
686 no simultaneous
biopsy

57 LSM
failure/non reliable
4 FibroTest/ALT
not reliable
42 biopsy not reliable
56 missing LSM
44 miscellaneous 
causes

101 LSM
failure/non reliable
4 FibroTest/ALT
not reliable
7 biopsy not reliable

153 LSM
failure/non reliable
9 FibroTest/ALT
not reliable

Bordeaux 
cohort 
n = 1830

Fibrostar
cohort
n = 590

Romanian
cohort
n = 255

Healthy
cohort
n = 766

n = 768 n = 378

Patients included

n = 143 n = 604

Fig. 1. Cohort and number of patients included and excluded.
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mean prevalence of fibrosis observed using large surgical biopsies from normal
livers. This method has permitted to generate the 16 distributions of subjects
according to the four test results (Supplementary Table 3).

Basic model
Four different tests (FibroTest, LSM, ALT, biopsy) were applied in all patients, with
each test producing a dichotomous test result (e.g. the test was either positive or
negative). None of these tests was error-free. For a single test, the probability of
obtaining a positive test result could be written as the sum of finding a positive
test in a patient who has fibrosis and a positive test result in a patient without
fibrosis. These probabilities can be written as a function of the following
unknown measures: prevalence, sensitivity and specificity of the test. Therefore,
nine parameters were unknown in this study: one prevalence parameter and the
sensitivity and specificity for each of the four tests.

With four different dichotomous tests, there were 16 possible combinations.
By using the probabilities for a positive or negative test result, the likelihood of
observing each pattern of test results could be calculated. We observed the num-
ber of subjects for each of the 16 patterns of test results. Standard maximum like-
lihood methods could be used to obtain a (unique) solution [1,17,18].

Latent class analysis

Latent class uses the standard maximum likelihood method to combine the test
results from each patient for constructing a reference standard [1,17–19]. This
method acknowledges that there is no gold standard and that the available tests
are all related to the unknown true status: fibrosis present or absent. These unob-
servable outcomes are named latent classes.

The fact that a two-class model might not fit the data is either seen as an arti-
fact of the measurement instrument or as a result of within-class heterogeneity.
To allow for local dependencies and within-class heterogeneity, we used a LCM
model with a random-factor, the LCM-R model [1,17–19]. The LCM-R model
incorporates random effects and thus relaxes the conditional independence
assumption (see Supplementary statistical method details).

The specific assumptions for random effects were the following: the depen-
dency between tests for FibroTest and LSM which were initially validated by
biopsy; the intra-class heterogeneities for biopsy due to inter-observer variability
and sampling error; for LSM, the inter-observer variability and the impact of
inflammation and steatosis.

In LCM-R, it is assumed that the outcome of a diagnostic test is governed by
two mechanisms or factors: the disease status of the subject, and the individual
biological process or the diagnostic test technological characteristics.

Sources of fit impairment
We assessed which test dependency or heterogeneity significantly impaired the
fit of the standard LCM without random effects by using bivariate residuals of
the baseline latent class analysis. The pair of tests was excluded step by step
up until a model fitting the observed results was obtained. The fit was reached
when the likelihood-ratio goodness-of-fit value [likelihood squared (L2)] L2 signif-
icance was >0.05 [1,17–19].

Standard performance analysis using biopsy as a gold-standard
The standard performances of FibroTest, LSM and ALT were assessed using the
fibrosis stage obtained by liver biopsy, the classical gold standard, expressed
using the METAVIR scoring system. The thresholds for test positivity were the
usual ones. The standard area under the Receiver Operating Characteristics
Curves (AUROC) was estimated by the empirical (non-parametric) method, and
compared using the paired method of Zhou et al. [20].

Sensitivity analyses
To assess possible variability due to the sampling population, we performed suc-
cessive LCM-R models (excluding each populations): excluding false positives
from each test, one without any false positive, one with lower cutoff for cirrhosis
10.1% of the area of fibrosis, and two with lower LSM cut-offs: 7.1 for advanced
fibrosis and 12.5 kPa for cirrhosis. We performed also a meta-analysis using ran-
dom effect model of weighted AUROCs (Obuchowski measure) to identify signif-
icant heterogeneity between the different populations of patients [21].

Statistical analysis and software

We used NCSS software (Kaysville, Utah, USA) [22] for standard statistics and
LatentGold-4.5 software (Statistical Innovation, Belmont, MA, USA) for estimating
the model parameters [19]. We used the following criteria to identify a good

model: the p-value of the likelihood squared (L2) had to be greater than 0.05,
and the Bayesian information criterion (BIC), defined as L2 – log (N) � Df (degrees
of freedom of the data), had to be the smallest among all competing models. Stan-
dard error of L2 was calculated used bootstrap method [19].

This study was conducted according to the principles expressed in the decla-
ration of Helsinki. Signed informed consent was obtained for all controls and for
patients for whom tests were not routinely performed according to the standard
of care.

Results

Failure and non-reliable results were observed in 15.3% (525/
3441) of LSM and in 0.6% for FibroTest (20/3441).

Subjects included

The characteristics of included patients are described in Table 1.
Healthy controls were more often female and older than HCV
patients. Patients of the Romanian population were more often
female, and had less cirrhosis at biopsy. The median length of
biopsy was 17 mm in the Bordeaux group, 25 mm in the French
multicenter group and 20 in the Romanian multicenter group.

Standard assessment of biomarker performance using biopsy as the
reference (imperfect gold-standard)

Performances of FibroTest, LSM and ALT using the standard AUR-
OCs (95% CI), observed among patients with biopsy, were similar
to those of the extensive literature [8,10]; for the diagnosis of
advanced fibrosis: 0.75 (95% CI 0.72–0.77), 0.76 (0.73–0.79) and
0.62 (0.59–0.65), and for cirrhosis 0.85 (0.82–0.88), 0.90 (0.87–
0.92) and 0.61 (0.57–0.66) respectively. As expected, perfor-
mances of ALT were significantly lower than those of FibroTest
and LSM (p <0.0001).

Assessment of the specificity of liver biopsy using large surgical
biopsies

The distribution of the area of fibrosis estimated by virtual biop-
sies of different lengths is shown in Fig. 2 and Supplementary
Table 1. Cases with areas of fibrosis above 5.3% were considered
to be false positives of biopsy for the diagnosis of advanced fibro-
sis, and those above 16.5% as false positives for the diagnosis of
cirrhosis. The specificity of a 20 mm length biopsy for the diagno-
sis of advanced fibrosis was 83.71% (Supplementary Table 2).

Assessment of test performances in the absence of a gold standard

The distribution of the subjects according to the 16 possible com-
binations of the four test results are shown in Supplementary
Table 3 for presuming advanced fibrosis, and in Supplementary
Table 4 for cirrhosis. Perfect concordance between the tests for
the diagnosis of advanced fibrosis was observed in 1059 (55.4%)
subjects (728 all negatives and 321 all positives) and for the diag-
nosis of cirrhosis in 1340 (70.8%) (1292 all negatives and 48 all
positives). Details of the assessment in healthy volunteers are
given in Supplementary data 2 for the diagnosis of advanced
fibrosis.

Models using LCM-R were interpretable as they fit (Table 2)
the observed distribution of test results. For advanced fibrosis,
the ranking for the specificities was LSM (0.96), FibroTest (0.93)
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and biopsy (0.67); the ranking for the sensitivities was FibroTest
(0.70), biopsy (0.63) and LSM (0.45). For cirrhosis, the ranking for
the specificities was biopsy (0.95), LSM (0.93), and FibroTest
(0.87); all sensitivities were low with the following ranking:
biopsy (0.51), FibroTest (0.41), and LSM (0.39).

Compared to their performances assessed by biopsy, the per-
formances of FibroTest and assessed by LCM-R were all increased
for the diagnosis of advanced fibrosis and decreased for the diag-
nosis of cirrhosis. The performances of LSM were lower using
LCM-R except for an increase in the specificity for advanced fibro-
sis (Table 3).

Models using LCM without random effects did not fit the
observed distribution, suggesting a random effect due to depen-
dency between tests (as expected due to previous validation of
FibroTest and LSM by biopsy) and intra-class heterogeneity such
as inter-observers variability for biopsy and LSM (Supplementary
Table 5).

Assessment of significant sources of impairment in modeling

Biopsy-LSM and biopsy-ALT were identified as the two main
sources of impairment in LCM models both for advanced fibrosis
and cirrhosis. Bivariate residuals of LSM-ALT and biopsy-Fibro-
Test were lower but also significantly impaired the model fit
for advanced fibrosis (Table 4).

Sensitivity analyses
The population that impaired the goodness of fit the most was
the healthy population results, since when excluded, the baseline
BIC decreased from 34.4 to �17.7 for advanced fibrosis and from
21.6 to 9.6 for cirrhosis (Supplementary Table 6). The exclusion of
healthy volunteers strongly modified the estimates, reducing
specificities both for advanced fibrosis and cirrhosis and increas-
ing sensitivities for advanced fibrosis (Supplementary Table 7).
None of the other LCM-R analyses showed a major decrease of
the fit assessed by BIC value (Supplementary Table 6). Results
were not different when the diagnosis of cirrhosis used >10.1%
area of fibrosis in healthy volunteers (Supplementary Table 8).
When lower cut-offs (7.1 vs. 8.8 kPa) were used for LSM, this
induced an expected dramatic increase in the sensitivity of LSM
for advanced fibrosis from 0.45 to 0.88 but a decrease of specific-
ity from 0.96 to 0.83 (Supplementary Table 9).

Table 1. Characteristics of the 1893 included subjects.

Characteristics HCV patients’ group Healthy volunteers
Bordeaux Multicenter 

France
Multicenter 
Romania

All patients

n = 768 n = 378 n = 143 n = 1289 n = 604
Age, yr1 48 (47-49) 50 (49-51) 49 (48-52) 49 (48-50) 58 (56-59)
Male, (%) 441 (57%) 239 (63%) 48 (34%) 728 (56%) 209 (44%)
Biopsy stage2 2 (2-2) 1 (1-2) 2 (2-2) 2 (2-2) 0 (0-0)

523 (68%) 176 (47%) 89 (62%) 788 (61%) 16%3

 Presumed cirrhosis
 Presumed fibrosis

 Presumed fibrosis

 Presumed fibrosis

 Presumed fibrosis

 Presumed fibrosis

136 (18%) 57 (15%) 6 (4%) 199 (15%) 3%3

FibroTest 0.47 (0.43-0.50) 0.58 (0.53-0.64) 0.48 (0.40-0.53) 0.50 (0.48-0.53) 0.16 (0.15-0.16)
370 (48%) 229 (61%) 69 (48%) 668 (52%) 19 (3%)

 Presumed cirrhosis 171 (22%) 123 (33%) 18 (13%) 312 (24%) 2 (0.3%)
LSM, kPa (8.8/14.5) 7.0 (6.8-7.3) 7.0 (6.7-7.7) 7.7 (7.2-8.8) 7.1 (6.9-7.4) 5.4 (3.6-6.7)

251 (33%) 126 (33%) 58 (41%) 435 (34%) 19 (3%)
 Presumed cirrhosis 124 (16%) 54 (14%) 28 (20%) 206 (16%) 2 (0.3%)

LSM, kPa (7.1/12.5)
368 (48%) 185 (49%) 84 (59%) 637 (49%) 38 (6%)

 Presumed cirrhosis 151 (20%) 70 (19%) 36 (25%) 257 (20%) 5 (1%)
ALT, IU/L 65 (61-68) 72 (65-78) 93 (83-105) 69 (66-74) 22 (21-23)

491 (64%) 271 (72%) 117 (82%) 879 (68%) 23 (4%)
 Presumed cirrhosis 207 (27%) 105 (28%) 64 (48%) 376 (29%) 4 (0.7%)

1Median (95% confidence interval).
2METAVIR scoring system.
3False positive of a 20 mm length biopsy as assessed using large surgical specimens.
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Fig. 2. Area of fibrosis estimated by biopsy according to its length (mm) in
subjects scoring METAVIR F0 (no fibrosis) on the large surgical section. Cases
with area of fibrosis above 5.3% were considered false positives of biopsy for the
diagnosis of advanced fibrosis and those above 16.5% were false positives for the
diagnosis of cirrhosis.
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The meta-analysis using random effect model of weighted
AUROCs showed no significant heterogeneity between the differ-
ent populations of patients (Supplementary Table 10) contrarily
to nonweighted AUROCs (Supplementary Table 11). The details
of the 95% confidence intervals of standard sensitivity and spec-
ificities (using biopsy as reference) are given in Supplementary
Table 12.

Discussion

This study is the first using appropriate methods for better recon-
ciliation of the estimates of sensitivity and specificity of non-
invasive fibrosis biomarkers, as well as those of biopsy, the for-
mer gold standard, which cannot be 100% accurate [23]. The main
result is that a model without using reference is compatible with
the distribution of biomarkers and biopsy results.

The high specificity (>0.85) of FibroTest and LSM was con-
firmed for the diagnosis of both advanced fibrosis and cirrhosis.
As already observed in standard analysis and in a preliminary
latent class study [8], the results confirmed that the sensitivity
of FibroTest (0.70) was higher than that of LSM (0.48) for the
diagnosis of advanced fibrosis. The performance for the diagnosis
of cirrhosis was similar between FibroTest and LSM.

One original result of the present study is the relative lower
level of biopsy performance, in comparison with FibroTest and
LSM when evaluated similarly for the diagnosis of advanced fibro-
sis. For cirrhosis, biopsy had the best performance with the highest
specificity, and the highest sensitivity but far from perfection, with
49% of presumed false negativity rate, as FibroTest and LSM.

Strengths of the study

Population included
The first strength was the wide spectrum of liver injury, from
healthy volunteers to cirrhotic patients, with two multicenter
studies in two different countries.

The second strength was the inclusion of a large healthy pop-
ulation with biomarkers, together with the presumed results of
biopsies generated from normal livers. The inclusion of a healthy
population in the model changed it very significantly. One major

Table 2. Best latent class model with random effect of fibrosis estimate performances.

L-Squared (standard error calculated using bootstrap)

Best model for advanced fibrosis (n = 1893)

3.2 (0.02)
p value1 0.20

Bayesian information criterion -11.9
Performance of test SensitivitySpecificity2

Specificity2

2

FibroTest 0.93 0.70
LSM 0.96 0.45
ALT 0.79 0.78
Biopsy 0.67 0.63

Best model for cirrhosis (n = 1893)

L-Squared (standard error calculated using bootstrap) 0.61 (0.01)
p value1 0.74

Bayesian information criterion
Goodness of fit likelihood ratio test statistics:

Goodness of fit likelihood ratio test statistics:

-14.5
Performance of test Sensitivity2

FibroTest 0.87 0.41
LSM 0.93 0.39
ALT 0.78 0.08
Biopsy 0.95 0.51

1Model fit when p >0.05.
2No confidence interval for the LCM-derived sensitivity and specificity estimates because these estimates are calculated from combinations of conditional probabilities,
which have individual maximum-likelihood estimated standard errors.

Table 3. Sensitivity and specificity of fibrosis biomarkers according to the
choice of the reference: biopsy (an imperfect gold standard) or a model
without gold standard (latent class model with random effect [LCM-R] as
reference) in 1893 subjects.

CirrhosisAdvanced fibrosis
Estimate1

Reference Biopsy Latent class Biopsy Latent Class
Sp Se Sp Se Sp Se Sp Se

FibroTest 0.85 0.66   0.93 0.70 0.89   0.68      0.87 0.41
LSM 0.93 0.48 0.96 0.45 0.95   0.65      0.93 0.39
ALT 0.70 0.73 0.79 0.78 0.83   0.42      0.78 0.08
Biopsy 1.002 1.002 0.67 0.63 1.002 1.002 0.95 0.51

The standard test cut-offs used for the diagnosis of advanced fibrosis and cirrhosis
were 0.48 and 0.74 for FibroTest, 8.8 and 14.5 kPa for stiffness, 50 IU/L and
100 IU/L for ALT, and for biopsy in LCM-R model F2 stage and F4 stage METAVIR
for real biopsy, and 5.3% and 16.5% area of fibrosis for virtual biopsies in healthy
volunteers respectively.
1Standard errors or 95% confidence interval are not given as for the LCM-derived
sensitivity and specificity estimates, because they are calculated from combina-
tions of conditional probabilities.
2In this model, biopsy is considered as the reference (‘‘gold standard’’) with 100%
accuracy.
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weakness of previous overviews of LSM performance was the
absence of conciliation between the LSM accuracy estimated in
patients [5] with the positive rate observed in healthy popula-
tions [12,15]. The 95th percentiles of LSM in a healthy non-obese
population without metabolic syndrome, 7.8 kPa for females and
8.0 kPa for males, observed by Roulot et al. [15], were in accor-
dance with the 3% positive rate of LSM (above 8.8 kPa) observed
in our healthy volunteers (Table 1) and with the 4% of false posi-
tive for advanced fibrosis estimated by our LCM-R model (Table 2
and Supplementary Table 5). LSM should not be used at the
8.8 kPa cutoff for screening purposes, as the specificity was 96%
but only applicable in 45% of patients.

Use of latent class with random effects
The third strength was the use of a latent class paradigm with
random effect which introduces a random variability factor in
the model. FibroTest and LSM were initially validated using
biopsy, and therefore it was rational to use a method which takes
into account this non-independence between tests.

All tests can then be compared without the systematic bias of
the absence of error for biopsy. FibroTest performances were sim-
ilar to that of a 20 mm biopsy for the diagnosis of advanced fibrosis.

As expected, performances of ALT were lower than those of
FibroTest for the diagnosis of both advanced fibrosis and cirrho-
sis. The main interest of ALT used as a negative control test was
to better understand the possible sources of variability among
LSM and biopsy.

Sources of major variability among tests
The fourth strength was the identification of the major sources of
test dependency and heterogeneity. Indeed, LCM failed to obtain
a model that fits with the observed distribution, without includ-
ing a ‘‘random factor’’ that is unknown sources of discordances
not related to the diagnostic performance of tests (Table 3). As
FibroTest and LSM were validated using biopsy, the first rational
variability factor was this initial ‘‘dependency’’.

The variability was mainly related to the biopsy-LSM residual.
It was rational to observe the greater variability for the biopsy-
LSM pair, as these indicators have both significant intra- and
inter-observer variability [7,8,9,15,24,25] in comparison with
the smaller analytical variability of FibroTest [26]. Furthermore
the biopsy-LSM pair variability is impacted by the (fibrosis

stages) spectrum effect to a greater degree than the biopsy-Fibro-
Test pair. LSM has no diagnostic value for the initial fibrosis
stages (METAVIR F0 and F1), a limited accuracy between stages
F1 vs. F2, and a higher accuracy between F2, F3 and F4. Contrary
to LSM, FibroTest has a consistent accuracy between adjacent
stages [3,4,8,10].

The biopsy-ALT pair was the second source of residuals for the
diagnosis of advanced fibrosis, without obvious bias as the pathol-
ogists were not aware of the ALT value. However, a bias related to
an overestimation of liver fibrosis stage cannot be ruled out dur-
ing biopsy readings, when biopsies showed higher activity grades.

The LSM-ALT pair was the third most important residual with
a documented rationale, as necrosis and inflammation increased
LSM independent of fibrosis stage [8,27,28].

The various sensitivity analyses (LSM cut-offs, area of fibrosis
cut-offs, population, false positive rate in healthy volunteers) did
not induced any absence of fit (Supplementary Tables 6 and 8). In
the LCM-R model, despite no change in the fit, there was indeed a
‘‘cutoff effect’’ of LSM on FibroTest performances but limited to
the sensitivity for cirrhosis, which was lower to the impact
observed on biopsy (Supplementary Table 10).

Limitations of the study

Biopsy estimates in healthy volunteers
The results of biopsy in volunteers were directly estimated in only
4 subjects with large, normal liver biopsies, the specificity being
assessed using 626 generated virtual biopsies. This method is
imperfect. However, the observed false-positive rates were com-
patible with other assessments using virtual biopsies, or surgical
samples [7]. The distribution of area of fibrosis was similar to that
of Bedossa et al. (Supplementary Table 1) [7]. Furthermore the
change for another more sensitive cutoff for cirrhosis (Supplemen-
tary Tables 8 and 9) and the exclusion of all false-positive cases of
biopsies (Supplementary Tables 6 and 7) did not impair the model.
The model was constructed with a median of biopsy around 20 mm
and if the length had been around 40 mm the expected perfor-
mance of biopsy would have been better but less realistic [25].

Other test performances
The present study compared the accuracy of tests, which is con-
sidered only one part of the performance. The failure rates and

Table 4. Direct effects of pairs of variables that impaired the fit of the baseline latent class model. Effects are estimated by bivariate residuals of the baseline latent class
analysis, without random effects. The effect of the most significant pair was excluded to achieve non-significance.

Bivariate residuals Model improvement after excluding residuals

FibroTest LSM ALT Pair excluded (Cumulative) Significance after pair exclusionFit (L2) (Cumulative) 2

NoneAdvanced fibrosis 79.71 <0.0001
LSM 0.44 Biopsy-LSM 38.3 <0.0001
ALT 2.9 0.14 Biopsy-ALT 30.1 <0.0001
Biopsy 0.11 11.6 0.47 LSM-ALT 13.8 0.003

Biopsy-FibroTest 0.32 0.85
Cirrhosis None 66.01 <0.0001
LSM 0.24 Biopsy-LSM 27.7 <0.0001
ALT 3.52 0.29 Biopsy-ALT 9.96 0.04
Biopsy 0.95 10.8 10.7

1Baseline fit.
2Model fit when p >0.05.
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reliability were not assessed as well as the other features that
could be provided by each test. For liver biopsy, pathologists rec-
ommend lengths of at least 20–25 mm [7], which could corre-
spond to a reliability rate of 50% according to the length
distribution in large cohorts [25]. For LSM using Fibroscan, the
failure rate is 3.8% and the reliability rate 15.8% [9]. For FibroTest,
the failure rate is 0% and reliability rate is 98% [28].

Biopsy has an obvious advantage by providing activity grade,
steatosis grade and features of other liver diseases. FibroTest
assessment includes ActiTest, validated for activity grade diagno-
sis [29]; SteatoTest, which assesses steatosis grade, can also be
associated with FibroTest but has been less validated [30,31].

Variability factors not analyzed
We did not directly analyze the impact of factors from individual
data, such as histological steatosis and activity, metabolic factors,
age, gender, ethnicity or operator effects that could be related to
diagnostic performance [9], and the pathologist variability [24].
As for LSM, the inter-observer variability is a pragmatic weakness
of biopsy in comparison with serum biomarkers.

How can the comparisons between liver fibrosis indicators be
improved?
First, clear guidelines must be provided defining the reliability
criteria of each indicator. For FibroTest, pre-analytical and analyt-
ical recommendations must be applied [28]. Other studies have
previously demonstrated for LSM that few changes in the precau-
tions of use had a direct impact on its reliability rate or on its risk
of false-positives or negatives [8,9]. Publications not applying the
precautions of use concerning IQR/LSM and success rate made
hazardous conclusions, such as the suggestion that five valid
shots could be sufficient for cirrhosis diagnosis [14]. For liver
biopsy, it would be wise to consider the results of specimens
shorter than 20 mm reliable only after checking the concordance
with the reliable results of a validated biomarker.

Second, the intra-indicator variability should be reduced. For
FibroTest, the improvement of analytical calibration should reduce
the inter-laboratory variability [4,26]. For LSM [8,9] and biopsy
[24], the major concern is the operator variability, even if the
results are reliable. New methodology such as the concordance rate
between LSM and FibroTest can identify observers with too high
variability [8]. This method could also be applied to pathologists.

Third, these results must be confirmed by independent
groups. However, in the present study all the included cohorts
of patients were independent of the FibroTest inventor.

Conclusions

In a model without gold-standard, the high specificity (>0.85) of
FibroTest and LSM was confirmed for the diagnosis of both
advanced fibrosis and cirrhosis. However, from the analysis of
the tests that impaired the fit of the model, more studies should
be performed to identify the causes of the high discordances rates
between biopsy and LSM, including their intra- and inter-observ-
ers’ variability.

If the accuracy paradigm cannot convince the users in this
field, it is possible to replace it by a new one: the concept of
the validation of medical tests [1]. The present results were con-
sistent with the recent prognostic validation of fibrosis biomark-
ers. In patients with chronic hepatitis C [32,33] as well as in
patients with chronic hepatitis B [34] and alcoholic liver disease

[35], the prognostic value of FibroTest was at least similar to that
of biopsy.

The present results confirm that balanced discussions are
needed when discordances are observed between estimates of
fibrosis. Biopsy, even of 20 mm, is no more the reference. This
model confirms the first guidelines and reimbursement by French
health authorities recommending either FibroTest or LSM as first
line fibrosis estimates in adult patients with uncomplicated
chronic hepatitis C [36]. Finally to move forward such models
without gold standard should permit also to better estimate the
forthcoming new test performances.
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