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Electrical Activity from Colon Overlaps with
Normal Gastric Electrical Activity in
Cutaneous Recordings
MANUEL A. AMARIS, MD,* CLAUDIA P. SANMIGUEL, MD,* DANIEL C. SADOWSKI, MD,*
KENNETH L. BOWES, MD,† and MARTIN P. MINTCHEV, PhD†‡

The stability of EGG recordings is affected by a variety of artifacts. The aim of this study was
to investigate possible overlapping of dominant frequencies in recorded cutaneous electrical
activity arising simultaneously from the stomach and/or colon. Ten normal volunteers, eight
posttotal colectomy patients, and four patients posttotal gastrectomy were studied. Fasting
cutaneous recordings were obtained using four pediatric ECG electrodes attached to the
abdominal surface. Electrical activity was recorded and digitally analyzed using customdesigned software. Spectral analysis after gastrectomy and colectomy showed persistence of
power peaks in the gastric electrical activity range of frequency (2.5–3.75 cpm). In conclusion,
noninvasively obtained colonic frequencies overlap EGG. This hypothesis is supported by the
persistence of power peaks in the EGG range of frequency after gastrectomy and colectomy.
Therefore, we conclude that contribution of electrical activity arising from the colon could
substantially affect EGG recordings.
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Noninvasive recordings of electrical signals from the
gastrointestinal tract have been performed since Alvarez recorded the first electrogastrogram (EGG) in
1921 (1). These recordings display a sinusoidal wave
pattern that represents with reasonable accuracy the
overall internal gastric electrical activity (GEA) (2, 3).
Visual analysis of this raw signal is very difficult due to
the overlap of a variety of artifacts and external
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factors that affect the interpretation of EGG (4, 5).
Despite many attempts to identify clinical applicability, this technique remained unutilized until computerized methods of signal acquisition and data analysis
were introduced in the 1970s (6, 7). Computer methods for spectral analysis enhance the reliability of
EGG to a certain extent, but important power peaks
at frequencies different than physiological GEA are
often present in the obtained EGG spectra. These
frequencies are considered abnormal and termed bradygastria if under 2.5 cpm and tachygastria if above
3.75 cpm (5, 8 –10). We previously reported that in
acute canine experiments, and in a limited number of
comparative internal GEA-EGG studies in humans,
cutaneous electrodes recognized 80 – 85% of the frequency changes seen in simultaneous serosal recordings of GEA (3). Therefore, up to 25% of the events
depicted in the EGG recordings are either artifacts or
not associated with GEA at all.
Digestive Diseases and Sciences, Vol. 47, No. 11 (November 2002)

0163-2116/02/1100-2480/0 © 2002 Plenum Publishing Corporation

CUTANEOUS RECORDING OF COLONIC ELECTRICAL ACTIVITY

Most investigators agree that human colonic electrical control activity (ECA) in vivo is present in two
major frequency ranges: 0 –9 and 10 –14 cpm. This
broad spectrum of frequencies could be attributed to
the utilization of many different methods of signal
acquisition and data analysis (11–16). Studies designed to recognize these signals by surface electrodes
have confirmed colonic activity from 1 to 7.5 cpm (17–
20). Thus, colonic electrical activity may potentially
overlap with the normal EGG, which could also mislead the interpretation of an EGG as abnormal based
on the presence of frequency components different
from those commonly accepted for the stomach.
Other authors have reported this potential overlapping previously (18 –21).
The aim of this study was to determine if electrical
activity arising from the human colon could be recognized in the EGG range of frequencies using more
sophisticated methods of acquisition and computer
analysis.
MATERIALS AND METHODS
Ten normal volunteers (age 31.5 ⫾ 4.4, male/female ⫽
7/3) and eight posttotal colectomy patients (age 56.2 ⫾ 17.8,
male/female ⫽ 3/5) were studied, of which one subject also
had recordings before colectomy. Four additional patients
had recordings after total gastrectomy (age 56.2 ⫾ 17.5,
male/female ⫽ 2/2), of which one subject also had recordings before gastrectomy. The patients lay comfortably in a
supine position in a quiet, dark room. The abdominal skin
was scrubbed with isopropyl alcohol swabs and then prepared with ECG&EEG skin paste (D.O Weaver & Co,
Aurora, Colorado, USA). Four active and one ground
pediatric ECG electrodes (Neotrode 1720-003) with 78.5
mm2 conducting surface area were attached to the abdominal surface. The location of the electrodes is shown on
Figure 1. The following channel combinations were utilized:
channel 1 (electrodes 1–3) following the abdominal projection of the longitudinal axis of the right colon; channel 2
(electrodes 2– 4) following the abdominal projection of the
longitudinal axis of the left colon; channel 3 (electrodes
3– 4) following the abdominal projection of the gastric axis
(EGG channel). Each study session consisted of 1 hr of
recording following a fasting period of 6 hr.
Recording. The electrical activity was recorded on a
custom-made multichannel recorder and conditioned using
controlled bandpass preamplifiers (cutoff frequency of the
single-pole Butterworth low-pass filter: 0.3 Hz; time constant of the single-pole Butterworth high-pass filter: 5 sec).
Data Analysis. The signals were digitized with a 10-Hz
sampling frequency and filtered in a frequency band of
0.02– 0.1 Hz using frequency sampling digital filter, assigning zeros to the unwanted frequency components (22).
After filtering, the signals were resampled at 2 Hz, and
digital spectral analysis was performed using customdesigned software developed in our laboratory (23). The
power spectrum values from the entire recording time were
Digestive Diseases and Sciences, Vol. 47, No. 11 (November 2002)

Fig 1. Electrode positioning and channels. Prolongation of the two
midclavicular lines, (a, b) line between the inferior costal margins
(c), line between the anterior superior iliac spines (d). Channel 1:
electrodes 1–3 (right colon), channel 2: electrodes 2– 4 (left colon),
channel 3: electrodes 3 and 4 (EGG stomach).

displayed in pseudo three-dimensional (3-D) plots using
frequency, power, and time as variables (24 –26). The values
in each individual spectrum were scaled as a percent of the
dominant peak, which was normalized to 100%. Thus, only
the dominant peaks (eg, stomach) were represented in the
digital spectral analysis. Dominant peaks and their variability were analyzed in time–frequency plots using previously
reported quantitative technique (23, 26).
Statistical analysis of the significance of the obtained
values was performed using the Student’s t test at P ⬍ 0.01
level.

RESULTS
The spectral analysis of channels facing the colon
(channels 1 and 2) revealed the presence of dominant
peaks at frequencies below 2.5 cpm in all subjects.
The EGG channel (channel 3) displayed dominant
peaks between 2.5 and 3.75 cpm (Figure 2) in normal
volunteers and colectomized patients. Very little electrical activity was present in other frequency ranges.
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Fig 2. Pseudo-3-D plots of colonic channels 1 (right colon, top) and 2 (left colon, bottom) in a normal
volunteer. Note the presence of power peaks in a broad range of frequencies with dominant peaks at
1–3.75 cpm in both channels.

After colectomy, power peaks at frequencies under
2.5 cpm diminished in colonic channels, resulting in a
significant increase in the mean frequencies (Table
1). These changes were evident in the patient that had
recordings before and after colectomy (Figure 3).
Although the change in the mean frequency for the
gastric channel was not statistically significant, there
was an improvement in the stability of the EGG after
colectomy (Table 1).
The gastrectomized patients displayed an intriguing outcome. After gastrectomy, the EGG channel
exhibited a persistent presence of power peaks in the
frequency range where normal GEA would be
present. This pattern was demonstrated in the patient
that had recordings before and after gastrectomy
(Figure 4). The absence of gastric activity in all gastrectomized patients resulted in power increase of
frequencies below 2.5 cpm, thus significantly decreasing the mean frequency in the EGG channel (Table
1). This change to a “bradygastric” range of frequencies was significant and very persistent, with a standard deviation of 0.20 cpm (Table 1).
TABLE 1. MEAN FREQUENCY (CPM)
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Channel

Normals
(mean ⫾ SD)

Right colon
Left colon
Stomach

2.39 ⫾ 0.31
2.36 ⫾ 0.36
2.83 ⫾ 0.29

OF

DISCUSSION
The results obtained in this study indicate that
colonic frequencies may overlap with gastric signals in
cutaneous EGG recordings. Two facts support this
hypothesis: (1) the persistent presence of power
peaks in the normal GEA frequency range after gastrectomy and colectomy in the channel facing the
stomach (Figure 4), and (2) the presence of predominant power peaks in the frequency range between 1
and 3.75 cpm observed in normal volunteers in the
colonic channels 1 and 2 (Figure 2). This evidence
strongly suggests that electrical activity different than
that originating from the stomach might eventually be
manifested in the spectral representation of EGG.
This opens the question of the importance of the
contribution of electrical activity arising simultaneously from different organs to normal or abnormal
EGGs. In the range of tachygastria, power peaks may
represent a small bowel component (⬃ 9 cpm) (20 –
27), respiration (⬃12 cpm), harmonics of the fundamental frequency (28, 29), and GEA uncoupling (30).
CUTANEOUS ELECTRICAL RECORDINGS

Post-colectomy
Mean ⫾

SD

2.74 ⫾ 0.17
2.83 ⫾ 0.25
2.73 ⫾ 0.21

Post-gastrectomy
P

0.013
⬍ 0.01
NS

Mean ⫾

SD

2.11 ⫾ 0.24
2.20 ⫾ 0.26
2.07 ⫾ 0.20

P
NS
NS
⬍ 0.01
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Fig 3. Pseudo-3-D plots of the same patient before (top) and after (bottom) total colectomy in the left
colon projection (channel 2). There was a virtual disappearance of the frequencies below 2.5 cpm and
persistence of frequencies in the GEA range.

The presence of power peaks in the range of bradygastria has been historically neglected and considered
either an artifact or an abnormal gastric oscillator.
Internal GEA recordings from humans, however, indicate that real bradygastric phenomena are extremely rare, if nonexistant (2, 3, 5, 9, 31).

In a recent study performed in human colonic
strips, Rae et al (32) showed that slow waves arise in
the circular muscular layer near the submucosa with a
frequency of 2– 4 cpm. Studies performed in vivo with
electrodes implanted in the colonic subserosal layer
and digitally analyzed have shown dominant low

Fig 4. EGG (channel 3). Pseudo-3-D plots of the same patient before (top) and after (bottom) total
gastrectomy. After gastrectomy, there was a decrease but not disappearance of power peaks in the GEA
range of frequency. Notice that bradygastric frequencies seen in the pregastrectomy study may represent
a colonic component characterized by a significant increase of the power peaks below 2.5 cpm after
gastrectomy.
Digestive Diseases and Sciences, Vol. 47, No. 11 (November 2002)
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range frequencies of 2– 4 cpm (14, 15). This was
confirmed by Condon et al (33) in patients recovering
from postoperative ileus with electrodes implanted in
the circular layer of the colon.
Comparing human stomach and canine colon, in
vitro ECA recordings from human colonic strips have
displayed very low amplitude signals in the range of
1–12 mV that are difficult to distinguish from noise
even using intracellular electrodes (32–34). This amplitude is variable and modified by different neurotransmitters, their analogs and inhibitors (34, 35). We
have previously reported that due to technical complexities in the processes of EGG recording, amplification, and data analysis, EGG amplitude is also a
function of external factors such as position, body
mass index, interelectrode distance, active electrode
surface area, and distance from the electrical oscillator to the electrodes (3, 4). In addition, the power
dynamics of internal GEA are not well synchronized
in different sections of the stomach due to the asynchronous (or chaotic) appearance of spike activity
(36). Furthermore, distension of the atonic canine
stomach with a balloon increased the amplitude of
EGG signals even when gastric contractile action was
abolished by atropine and glucagon (3). Thus, we
concluded that absolute amplitude values and power
dynamics should not be utilized as reliable parameters for EGG analysis in the present study. In the
method we applied for spectral analysis (23), the
values in each individual spectrum were scaled as a
percent of the dominant peak, which was normalized
at 100%. Thus, the absence of powerful components
(eg, postgastrectomy) would result in the spectral
representation of frequencies that otherwise would be
overshadowed by the dominant peak.
After gastrectomy, the frequency peak around 2.5
cpm became dominant in all channels, confirming
that lower frequencies most likely arise from the
colon (Figure 4). These oscillators may explain some
of the power peaks in the bradygastric range of frequency occasionally seen in the EGGs. Power peaks
between 2.5 and 3.75 cpm (normogastric range of
frequency) significantly diminished but did not disappear, suggesting that colonic activity may contribute
electrical power to the frequency interval considered
normal for EGG. After colectomy, there was a significant decrease in the power peaks below 2.5 cpm and
persistent GEA power peaks (Figure 3). Therefore, in
normal volunteers, it is very difficult to draw conclusions on the importance of the contribution of the
colonic components at 3 cpm due to the overlap with
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gastric frequencies, which represent the dominant
peak.
The results of our study showed predominant colonic frequencies from 1 to 3.75 cpm in normal volunteers (Figure 2), similar to the outcome of the
experiments performed in vitro by Rae et al (32), and
in vivo by Condon et al (33). The presence of these
colonic components in EGG might be enhanced if the
colon is full, distended, or overactive. Therefore,
emptying the colon prior to standard EGG tests
might be an avenue for improving the reliability of
EGG for clinical applications. At this point, we have
preliminary data suggesting that EGG recordings
from healthy volunteers with an empty colon are
more stable when compared to recordings from the
same patients with an unprepared colon.
CONCLUSION
Electrical signals arising from the colon and recorded with cutaneous electrodes overlap spectrally
with normal EGG. However, current methods of data
acquisition and analysis make it extremely difficult to
distinguish colonic from gastric components, particularly in the normogastric range (2.5–3.75 cpm) due to
frequency overlap. The clinical relevance of the finding of bradygastria will need to be reconsidered.
REFERENCES
1. Alvarez WC: The electrogastrogram and what it shows. JAMA
78: 116 –119, 1922
2. Smout AJPM, Van der Schee EJ, Grashuis JL: What is measured in electrogastrography? Dig Dis Sci 25:179 –187, 1980
3. Mintchev MP, Kingma YJ: Accuracy of cutaneous recordings
of gastric electrical activity. Gastroenterology 104:1273–1280,
1993
4. Mintchev MP, Bowes KL: Impact of external factors on the
stability of human electrogastrograms. Med Biol Eng Comput
34:270 –272, 1996
5. Verhagen MAMT, Van Schelven LJ, Samsom M, Smout
AJPM: Pitfalls in the analysis of electrogastrographic recordings. Gastroenterology 117:453– 460, 1999
6. Cooley JK, Tukey JW: An algorithm for the machine calculation of complex Fourier series. Math Comp 19:297–301, 1965
7. Bergland GD. A guided tour of the fast Fourier transform.
New York, IEEE Press, 1972, pp228 –239
8. Stoddard CJ, Smallwood RH, Duthie HL: Electrical arrhythmias in the human stomach. Gut 22:705–712, 1981
9. Chen J, Schirmer BD, McCallum RW: Serosal and cutaneous
recordings of gastric myoelectrical activity in patients with
gastroparesis. Am J Physiol 266 (Gastrointest Liver Physiol.
29):G90 –G98, 1994
10. Sanmiguel CP, Mintchev MP, Bowes KL: Electrogastrography.
A critical appraisal. Can J Clin Med 4 (11):10 –18, 1997
11. Taylor I, Duthie HL, Smallwood RH, Linkens DA: Large
bowel myoelectrical activity in man. Gut 16:808 – 814, 1975
Digestive Diseases and Sciences, Vol. 47, No. 11 (November 2002)

CUTANEOUS RECORDING OF COLONIC ELECTRICAL ACTIVITY
12. Parker R, Whitehead WE, Schuster MM: Pattern-recognition
program for analysis of colon myoelectrical and pressure data.
Dig Dis Sci 32:953–963, 1987
13. Bueno L, Fioramonti J, Ruckebush Y, Frexinos J, Coulom P:
Evaluation of colonic myoelectrical activity in health and fictional disorders. Gut 21:480 – 485, 1980
14. Stoddard CJ, Duthie RH, Smallwood H, Linkens DA: Colonic
myoelectrical activity in man: Comparison of recording techniques and methods of analysis. Gut 20:476 – 483, 1979
15. Sarna SK, Bardakjian BL, Waterfall WE, Lind JF: Human
colonic electrical activity. Gastroenterology 78:1526 –1356,
1980
16. Chambers MM, Bowes KL, Kingma YJ, Bannister C, Cote KR:
In vitro electrical activity in human colon. Gastroenterology 81
(3):502–508, 1981
17. Riezzo G, Pezzolla F, Maselli MA, Giorgio I: Electrical activity
recorded from abdominal surface before and after right hemicolectomy in man. Digestion 55(3):185–190, 1994
18. Pezzolla F, Riezzo G, Maselli MA, Giorgio I: Electrical activity
recorded from abdominal surface after gastrectomy or colectomy in humans. Gastroenterology 97(2):313–320, 1989
19. Homma S, Shimakage N, Yagi M, Hasewawa J, Sato K, Matsuo H., Tamiya Y, Tanaka O, Muto T, Hatakeyama K: Electrogastrography prior to and following total gastrectomy, subtotal gastrectomy, and gastric tube formation. Dig Dis Sci
40(4):893–900, 1995
20. Homma S, Hasegawa J, Maruta T, Watanabe N, Matsuo H,
Tamiya Y, Nishimaki T, Susuki T, Muto T, Hatakeyama K:
Isopower maps of the electrogastrogram (EGG) after total
gastrectomy or total colectomy. Neurogastroenterol Motil
11(6):441– 448, 1999
21. Kaiho T, Shimoyama I, Nakajima Y, Ochiai T: Gastric and
non-gastric signals in electrogastrography. J Autonom Nerv
Syst 79(1):60 – 66, 2000
22. Proakis JG, Manolakis DG: Digital Signal Processing. Principles, Algorithms, and Applications. New York, Maxwell Macmillan International, 1999
23. Mintchev MP, Bowes KL: Extracting quantitative information
from digital electrogastrograms. Med Biol Eng Comput
34:244 –248, 1996

Digestive Diseases and Sciences, Vol. 47, No. 11 (November 2002)

24. Van der Schee EJ, Grashuis JL: Running spectrum analysis as
an aid in the representation and interpretation of electrogastrographic signals. Med Biol Eng Comput 25(1):57– 62, 1987
25. Van der Schee EJ, Smout AJPM, Grashuis JL: Application of
running spectrum analysis to electrogastrographic signals recorded from dog and man. In Motility of the Digestive Tract.
M Wienbeck (ed). New York, Raven Press, 1982, pp 241–250.
26. Mintchev MP, Bowes KL: Comparative quantification of gastric electrical activity and electrogastrograms. Med Biol Eng
Comput 36:95–100, 1998
27. Chen JD, Schirmer BD, McCallum RW: Measurement of
electrical activity of the human small intestine using surface
electrodes. IEEE Trans Biomed Eng 40(6):598 – 602, 1993
28. Chen J, McCallum RW: Gastric slow wave abnormalities in
patients with gastroparesia. Am J Gastroenterol 87(4):447–
482, 1992
29. Familoni BO, Bowes KL, Kingma YJ, Cote KR: Can transcutaneous recordings detect gastric electrical abnormalities? Gut
32:141–146, 1991
30. Mintchev MP, Bowes KL: Do increased electrogastrographic
frequencies always correspond to internal tachygastria? Ann
Biomed Eng 25:1052–1058, 1997
31. Stoddard CJ, Smallwood RH, Duthie HL: Electrical arrhythmias in the human stomach. Gut 22:705–712, 1981
32. Rae MG, Fleming N, McGregor DB, Sanders KN, Keef KD:
Control of motility patterns in the human colonic muscular
layer by pacemaker activity. J Physiol 510(pt 1):309 –320, 1998
33. Condon RE, Cowles VE, Ferroz AA, Carilli S, Carlson ME,
Ludwing K, Tekin E, Ulualp K, Ezberci F, Shoji Y: Human
colonic smooth muscle electrical activity during and after recovery from postoperative ileus. Am J Physiol 269:3(pt
1):G408 –G417, 1995
34. Huizinga JD, Daniel EE: Control of human colonic motor
function. Dig Dis Sci 31(8):865– 877, 1986
35. Sabourin PJ, Kingma YJ, Bowes KL: Electrical and mechanical
interactions between the muscle layers of canine proximal
colon. Am J Physiol 258 (Gastrointest Liver Physiol 21):G484 –
G491, 1990
36. Mintchev MP, Stickel A, Bowes KL: Comparative assessment
of power dynamics of gastric electrical activity. Dig Dis Sci
42(6):1154 –1157, 1997

2485

