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The majority of gastroesophageal reflux (GER) epi-
sodes in infants and children are nonacidic (pH >4).
However, extraesophageal symptoms (e.g., breath-
ing irregularities, apnea, aspiration) apparently can
be caused by both acidic (pH <4) and nonacidic
reflux. The standard diagnostic tool for suspected
GER is pH monitoring. However, physicians should
be aware of the limitations of pH monitoring in the
pediatric population, because most reflux episodes
in this age group are undetectable by this method. In
contrast, the pH-independent multiple intraluminal
electrical impedance technique (IMP) allows all bolus
movements in the esophagus to be detected. Data
can be analyzed for bolus composition and reflux
height, duration, and clearance. Combining IMP with
pH monitoring on a single catheter has proved to be
a valuable tool for diagnosing GER and associated
symptoms in infants and children. Am J Med. 2003;
115(3A):161S-165S. © 2003 by Excerpta Medica, Inc.
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gastroesophageal reflux (GER) is pH monitor-

ing."”? However, this method only provides pH
values; it does not actually document reflux. The param-
eters that define reflux episodes by pH monitoring must
be derived empirically.

Presumably, reflux-associated supraesophageal symp-
toms in infants and children include serious events, such
as oxygen desaturation, episodes of apnea, recurrent as-
piration, and apparently life-threatening events, as well as
symptoms such as bronchitis, irritability, and sleep dis-
turbances.>* These situations can apparently be induced
by both acidic (pH <4) and nonacidic (pH >4) GER.
However, pH monitoring is only able to detect acidic and
alkaline (pH >7.5) GER, resulting in a method-inherent
diagnostic gap. Many instances of reflux are likely to oc-
cur in the physiologic esophageal pH range (pH 5-7) and
are therefore not detected during pH monitoring.

During postprandial periods, a neutralization of gas-
tric contents of variable duration occurs that is affected
by several factors, including the patient’s age, the fre-
quency of feedings, and, especially, the composition and
volume of the feeding.® These phases last from 1 to 2
hours after each formula feeding in an infant, represent-
ing about half of the total measuring time. A comparable
situation is encountered with antacid treatment. GER
during these intervals is concealed from pH monitoring.
Additionally, pH monitoring might not even be reliable
in detecting acidic GER because of indirect GER detec-
tion by interpreting pH values as reflux events using soft-
ware algorithms. Based on these assumptions, there is an
urgent need for a pH-independent long-term identifica-
tion technique for GER.”®

The most widely accepted tool for the diagnosis of

TECHNIQUE

The multiple intraluminal electrical impedance tech-
nique (IMP) is a new method for the pH-independent
detection of GER based on the registration of gastrointes-
tinal motility.”~"*> The principle of IMP is a change of
electrical impedance during the passage of a bolus
through a measuring segment (i.e., between 2 adjacent
electrodes).'* The use of multiple segments along a cath-
eter placed in the esophagus allows analysis of the direc-
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Figure 1. Original tracing of acidic gastroesophageal reflux during undisturbed oronasal airflow and chest wall movement in a
48-day-old boy. Note the retrograde esophageal bolus passage with sequential decrease of impedance (Z) over time (impedance
channel Z,, proximal; channel Z, distal) and pH <4. pH sensor situated at the level of channel 5. Bolus passage, from distal to

proximal, is indicated (arrow).

tion of the bolus transport. Thus, anterograde and retro-
grade bolus movements can be distinguished. In infants,
a catheter with a pH-sensitive antimony electrode and 7
integrated impedance electrodes (Helmholtz-Institut fiir
Biomedizinische Technik, Aachen, Germany), represent-
ing 6 measuring channels, is used.'” The total measuring
length reaches from the cardia (channel 6) to the pharynx
(channel 1), with the pH sensor situated at the level of
channel 5, approximately 3 cm above the gastroesopha-
geal junction. Impedance and pH signals are sampled at a
rate of 50 Hz per channel, compared with 0.25 Hz in
conventional pH monitoring.

COMPARISON OF INTRALUMINAL
IMPEDANCE WITH pH MONITORING

Combined intraesophageal IMP and pH monitoring
were performed in 50 infants who were being evaluated
for GER.'® Impedance tracings were analyzed for the
unique pattern of retrograde bolus movement. Imped-
ance values decrease in all channels reached by the reflux-
ate. Change in impedance values begins in the distal
channel and proceeds to more proximal channels, indi-
cating a retrograde flow of gastric contents and represent-
ing an episode of GER. Software was developed to com-
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Figure 2. Original tracing of nonacidic gastroesophageal reflux and central apnea in a 37-day-old boy. Note the retrograde
esophageal bolus passage with sequential decrease of impedance (Z) over time (impedance channel Z,, proximal; channel Z, distal)
and pH remaining >4. pH sensor situated at the level of channel 5. Bolus passage, from distal to proximal, is indicated (arrow).

pare all parameters of the algorithm systematically to ana-
lyze pH monitoring data; these parameters include
sampling rate, threshold pH level below which reflux was
defined, minimal duration necessary to define a reflux epi-
sode, and latency time between separate episodes. IMP de-
tected 1,887 episodes of bolus reflux; 282 (15%) of these
episodes were associated with a pH <4. The sensitivity of pH
monitoring for acidic GER detection was 54% using a stan-
dard algorithm, with a positive predictive value of 57%. In-
dependent and combined variation of all algorithm param-
eters in >1,000 software analyses did not lead to a significant
increase of sensitivity and positive prediction. The most fre-

quent reason for false-negative GER detection by pH mon-
itoring was acidic reflux episodes of too short a duration; the
most frequent reasons for false-positive detection were mis-
interpretation of pH drops during deglutition and misinter-
pretation of oscillation around the pH cutoff due to a low
sampling rate.

Overall sensitivity of pH monitoring for the detection
of retrograde bolus reflux was only 8%. Although pH
monitoring is an inadequate technique for detecting
GER, this can be accomplished elegantly using IMP. By
combining the 2 methods, it is possible to achieve a more
complete picture of bolus movement in the esophagus.'®
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GASTROESOPHAGEAL REFLUX
DETECTION AND ASSOCIATED
SYMPTOMS

Infants with a history of apnea, aspiration, or breathing
irregularities were investigated simultaneously by com-
bined intraesophageal IMP, pH monitoring, and over-
night polysomnography.'” Polygraphic recording in-
cluded, among other parameters, transcutaneous oxygen
saturation (SO,), heart rate, oronasal flow, and chest wall
movement. Documentation during each episode of GER
included the minimal pH value, the maximal height
reached by the refluxate in the esophagus, and the dura-
tion of GER (i.e., bolus clearance). In 22 patients, IMP
detected 364 GER episodes with the unique pattern of
retrograde bolus movement. Only 12% of these episodes
had a pH <4 and therefore were potentially recognizable
by pH monitoring (Figure 1). Of the total GER episodes,
312 (86%) were associated with breathing abnormalities;
again, only 12% had a pH <4. In all, 128 of the GER
episodes with breathing irregularities were accompanied
by a decrease of SO, of <90%. Another 19 GER episodes
were associated with an SO, decrease of >10% compared
with baseline; only 3 of these had a pH <4, while the
remaining 16 reflux episodes were recognized by IMP
only.17 With the aid of software (ALICE II; Apreco, Bad
Ems, Germany) preselection, 165 apneas were visually
validated. Of these, 49 apneas (30%) were accompanied
by GER (Figure 2). In all, 38 of these GER cases were
recorded exclusively with IMP; only 11 (22%) reflux ep-
isodes were also recognized by pH monitoring. There was
a significant correlation between GER and the amount of
time that patients were apneic.'® Compared with shorter
episodes, reflux episodes lasting >30 seconds were more
often associated with apnea. Most cases of GER (71%)
reached the pharynx (impedance channel 1).

CONCLUSIONS

Numerous infants and children have been examined us-
ing IMP in Aachen, Germany. There have been no unto-
ward side effects and only a few discontinuations due to
technical reasons. Our results suggest that IMP for the
registration and evaluation of GER provides important
information that can supplement pH monitoring data in
this population.'® This new method is especially useful in
phases of gastric hypoacidity, which is common in the
postprandial period, or during acid-suppressive therapy.
By itself, pH monitoring is unable to detect the majority
of these reflux episodes; indeed, it misses about half of the
cases of acidic (pH <4) GER.

Use of pH-independent IMP is also a reliable tool for
evaluating GER-associated symptoms that are not associ-
ated with acidic reflux. Additionally, information about
the height reached by the refluxate in the esophagus and

about the clearance process of GER can be obtained and
analyzed via this method.*

However, because GER without other symptoms ap-
pears to be a physiologic phenomenon in infants, normal
values remain to be defined. The manual and visual eval-
uation of the high-resolution recordings is still a time-
consuming procedure. With the development of auto-
mated analysis,”"*> IMP may become the new standard
tool for detection of GER in infants and children. Inter-
national technical and clinical collaboration must be
sought to further evaluate this promising tool, without
repeating the misinterpretations of pH recording that
have now become apparent.*>**

REFERENCES

1. Rudolph CD, Mazur LJ, Liptak GS, et al. Guidelines for
evaluation and treatment of gastroesophageal reflux in in-
fants and children: recommendations of the North Ameri-
can Society of Pediatric Gastroenterology and Nutrition.
J Pediatr Gastroenterol Nutr. 2001;32(suppl 2):S1-S31.

2. Vandenplas Y, Belli D, Boige N, et al. A standardized pro-
tocol for the methodology of esophageal pH monitoring and
interpretation of the data for the diagnosis of gastroesoph-
ageal reflux: society statement of a working group of the
European Society of Pediatric Gastroenterology and Nutri-
tion. J Pediatr Gastroenterol Nutr. 1992;14:467-471.

3. Thach BT. Reflux associated apnea in infants: evidence for
a laryngeal chemoreflex. Am J Med. 1997;103(suppl 5A):
120S-1248.

4. Orenstein SR. An overview of reflux-associated disorders in
infants: apnea, laryngospasm, and aspiration. Am J Med.
2001;111(suppl 8A):60S-63S.

5. Thomson M. The pediatric esophagus comes of age. J Pe-
diatr Gastroenterol Nutr. 2002;34(suppl 1):S40-S45.

6. Mitchell DJ, McClure BG, Tubman TRJ. Simultaneous mon-
itoring of gastric and oesophageal pH reveals limitations of
conventional oesophageal pH monitoring in milk fed in-
fants. Arch Dis Child. 2001;84:273-276.

7. Orenstein SR. Infantile reflux: different from adult reflux.
Am J Med. 1997;103(suppl 5A):114S-119S.

8. Rudolph CD. Probing questions: when is gastroesophageal
reflux the cause of symptoms? J Pediatr Gastroenterol
Nutr. 2000;30:3-4.

9. Silny J, Knigge KP, Fass J, et al. Verification of the intralu-
minal multiple electrical impedance measurement for the
recording of gastrointestinal motility. J Gastrointest Motil.
1993;5:107-122.

10. Nguyen HN, Silny J, Matern S. Multiple intraluminal electri-
cal impedancometry for recording of upper gastrointestinal
motility: current results and further implications. Am J Gas-
troenterol. 1999;94:306-317.

11. Sifrim D, Holloway R, Silny J, et al. Acid, nonacid, and gas
reflux in patients with gastroesophageal reflux disease dur-
ing ambulatory 24-hour pH-impedance recordings. Gastro-
enterology. 2001;120:1588-1598.

12. Castell DO, Vela M. Combined multichannel intraluminal
impedance and pH-metry: an evolving technique to mea-
sure type and proximal extent of gastroesophageal reflux.
Am J Med. 2001;111(suppl 8A):157S-159S.

13. Peter CS, Sprodowski N, Bohnhorst B, et al. Gastroesoph-
ageal reflux and apnea of prematurity: no temporal relation-
ship. Pediatrics. 2002;109:8-11.

164S August 18, 2003 THE AMERICAN JOURNAL OF MEDICINE®  Volume 115 (3A)



14.

15.

16.

17.

18.

A Symposium: Gastroesophageal Reflux Events in Children/Wenzl

Silny J. Intraluminal multiple electric impedance procedure
for measurement of gastrointestinal motility. J Gastrointest
Motil. 1991;3:151-162.

Skopnik H, Silny J, Heiber O, et al. Gastroesophageal reflux
in infants: evaluation of a new intraluminal impedance tech-
nique. J Pediatr Gastroenterol Nutr. 1996;23:591-598.
Wenzl TG, Moroder C, Trachterna M, et al. Esophageal pH
monitoring and impedance measurement: a comparison of
two diagnostic tests for gastroesophageal reflux. J Pediatr
Gastroenterol Nutr. 2002;34:519-523.

Wenzl TG, Silny J, Schenke S, et al. Gastroesophageal
reflux and respiratory phenomena in infants: status of the
intraluminal impedance technique. J Pediatr Gastroenterol
Nutr. 1999;28:423-428.

Wenzl TG, Schenke S, Peschgens T, et al. Association of
apnea and nonacid gastroesophageal reflux in infants: in-
vestigations with the intraluminal impedance technique.
Pediatr Pulmonol. 2001;31:144-149.

August 18, 2003 THE AMERICAN JOURNAL OF MEDICINE®  Volume 115 (3A)

19.

20.

21.

22.

23.

24.

Wenzl TG, Skopnik H. Intraluminal impedance: an ideal
technique for evaluation of pediatric gastroesophageal re-
flux disease. Curr Gastroenterol Rep. 2000;2:259-264.
Wenzl TG. Investigating esophageal reflux with the intralu-
minal impedance technique. J Pediatr Gastroenterol Nutr.
2002;34:261-268.

Trachterna M, Wenzl TG, Silny J, et al. Procedure for the
semi-automatic detection of gastro-oesophageal reflux
patterns in intraluminal impedance measurements in in-
fants. Med Eng Phys. 1999;21:195-201.

al-Zaben A, Chandraskar V. Thresholding reflux episodes in
impedance measurements using a neuro-fuzzy system.
Biomed Sci Instrum. 2002;38:263-265.

Kahrilas PJ. Will impedance testing rewrite the book on
GERD? Gastroenterology. 2001;120:1862-1864.
Sondheimer J. Expanding the definition of GE reflux. J Pe-
diatr Gastroenterol Nutr. 2002;34:511-512.

165S



	Evaluation of Gastroesophageal Reflux Events in Children Using Multichannel Intraluminal Electrical Impedance
	TECHNIQUE
	COMPARISON OF INTRALUMINAL IMPEDANCE WITH pH MONITORING
	GASTROESOPHAGEAL REFLUX DETECTION AND ASSOCIATED SYMPTOMS
	CONCLUSIONS
	REFERENCES


