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Telemedicine System Using
a Cellular Telephone for
Continuous Ambulatory
Peritoneal Dialysis Patients

We developed a new telemedicine system to moni-
tor the condition of continuous ambulatory perito-
neal dialysis (CAPD) patients by using a cellular
telephone and an Internet Web site. All data for
the CAPD patients—blood pressure, heart rate,
body weight, ultrafiltration volume, and urine vol-
ume—are collected and sent directly by cellular
telephone to a data server that was constructed at
the NTT DoCoMo Company data center. The sys-
tem is directly connected to Internet by applica-
tion service provider (ASP) technology. Anywhere,
at any time, each patient can confirm changes in
their data in graph form by using a cellular tele-
phone or a computer connection to an Internet Web
site. The average of each type of data is calculated
and shown at the Web site. All data collected by
cellular telephone are calculated and, in real time,
sent directly to the treating physician's office over
the Internet. Abnormal data are sent directly to the
treating physician’s office and shown in the host
computer with an emergency signal (emergency
alarm system). In addition, CAPD patients can eas-
ily contact the medical staff in the Kidney and Di-
alysis Center of Saitama Medical School (main
hospital) using the same telemedicine system.

We are using this telemedicine system for 46
CAPD patients being treated by Saitama Medical
School. The cost of using the system is just US$3.00
or less per month for each patient. This newly de-
veloped system has great advantages for CAPD pa-
tients, especially elderly and handicapped patients.
The system can be expanded into a network that
serves all CAPD patients and all hospitals in
Japan.
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Introduction

Computer-assisted medical activity is increasing in a
number of fields and is particularly widespread in
nephrology and dialysis owing to characteristics of
the patient population such as number, complexity,
follow-up time, and economic cost (1). Rapid devel-
opment of information and telecommunications tech-
nology during recent decades has led to those
technologies being applied in the medical field.

Continuous ambulatory peritoneal dialysis
(CAPD) is one treatment available for end-stage renal
disease (ESRD). Some years ago, many ESRD pa-
tients were treated with CAPD in Japan. However,
the proportion of patients treated by CAPD is very
low, despite reports suggesting that CAPD has a lower
mortality and offers a better quality of life (2,3). The
main factors that negatively affected the development
of CAPD were the rapid proliferation of renal units
and the appearance of encapsulating peritoneal scle-
rosis (EPS), a serious complication for long-term
CAPD patients (4). In addition, CAPD is a home di-
alysis system: patients must do everything for them-
selves, including CAPD solution exchanges, catheter
exit-site care, and so on. Almost all CAPD patients
have a history of trouble at home of some sort during
their CAPD life.

Because CAPD patients must carry out their treat-
ment by themselves, equipment must be failsafe. Easy
techniques, safe equipment, and suitable education
may enable patients and relatives to carry out a treat-
ment normally performed by medical staff. In addi-
tion, for backup at home, CAPD patients need a
medical support system. The telemedicine system de-
scribed here supports at-home CAPD patients.
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Materials and methods

Newly developed telemedicine system using cellular
telephone

Figure 1 shows our newly developed telemedicine sys-
tem. The system has two parts: a data collection and
monitoring system that uses a cellular telephone, and
an Internet Web site accessible by computer. We de-
veloped the system to monitor the condition of our
CAPD patients. All of our CAPD patients can use a
cellular telephone as a data collection device. The soft-
ware for the telemedicine system can be downloaded
directly from an i-mode site that was constructed by
the NTT DoCoMo Company. After software down-
load, the cellular telephone can be used as a data col-
lection and monitoring device as well as a personal
data assistant (PDA), Figure 2. Using the cellular tele-
phone as data collection device is very easy.

All data from our CAPD patients—blood pressure,
body weight, ultrafiltration volume, and urine vol-
ume—are sent directly to the main server in the NTT
DoCoMo data center, where they are accumulated in
adatabase. The database system is directly connected
to an Internet Web site system by application service
provider (ASP) technology. Anywhere, at any time,
any CAPD patient can access the Internet Web site
for patients. Using a cellular telephone or the Web
site, patients can confirm changes in their data in graph
form. The average of their data is also calculated and
shown at the Web site.
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FIGURE |  Newly developed telemedicine system using a cellular
telephone. The telemedicine system has two parts: (A) a data col-
lection and monitoring system that uses a cellular telephone, and
(B) an Internet Web site accessible by computer.
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FIGURE2  Data collection and monitoring using a cellular tele-
phone. Once the software has been downloaded from the i-mode
site, the cellular telephone can be used as a data collection and
monitoring device as well as a personal digital assistant (PDA).

Costs of telemedicine system

We are now using this telemedicine system for 46
CAPD patients being treated at the Kidney and Di-
alysis Center of Saitama Medical School. Patients who
want to use the system can obtain the software free
from the i-mode site. Patients must themselves pay
the cost of the cellular telephone. However, the aver-
age cost of sending data by cellular telephone is only
US$0.01 each time. The average cost of checking the
data by cellular telephone is only US$0.10 each time.
The total cost of using the telemedicine system is very
small, only US$3.00 or less monthly.

Web site for CAPD patients
When patients want to monitor the data in the data-
base, they can use a computer to access the Web site
and view their own data. They can monitor the actual
data, the averages, and the graphs. Figure 3 shows
changes in blood pressure, body weight, and ultrafil-
tration volume that we retrieved from the CAPD Web
site for a 40-year-old patient. Figure 4(A) shows the
data input site on a cellular telephone display screen.
Figure 4(B) shows, on a cellular telephone display
screen, the parameter changes that can be monitored.
All data from CAPD patients are collected by an
ASP system and calculated by computer. Patient can
access the i-mode CAPD site by cellular telephone or
the Web site by computer connection and can obtain
their data whenever they want it. If medical staff want
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FIGURE 3 Changes in blood pressure, body weight, and ultrafiltration volume in a 40-year-old patient on continuous ambulatory perito-

neal dialysis (CAPD), viewed on the telemedicine Web site.

to obtain data on the CAPD patients, they can access
the Web site. If a CAPD patient has problems with
therapy, the staff receives an emergency signal on the
Web site. They can then call the patient on the cellu-
lar telephone and consult with the patient.

Results

Benefits of the telemedicine system

We expect that the system will have great advantages
for helping our CAPD patient to maintain CAPD, es-
pecially our handicapped and elderly patients. When
our patients have trouble with CAPD, we can contact
them by cellular telephone and provide advice. In ad-
dition, we can use the system in conjunction with the
existing network system between CAPD patients and
hospitals. Patients living remotely from the main hos-
pital can periodically attend an affiliated hospital for
routine follow-up: examination of physical condition,
blood chemistry, chest radiograph, electrocardiogram,
and so on. A nephrologist in the main hospital can
obtain all the data on the CAPD patients by using the
telemedicine system. The patients can receive drugs
prescribed by the nephrologist as required. Further-
more, we can use the system for emergency alarms.
In an emergency call, data are available in the main

hospital, and the nephrologist can order the necessary
medications. We can also use the system as data col-
lection system. If we want use the data from our CAPD
patients, then, after informed consent, we can collect
and calculate a great deal of data directly from the
Web site.

Discussion

Previously, we reported (5) on a telemedicine system
for our patients who are using automated peritoneal
dialysis (APD). In the case of APD, data are collected
regarding the state of both the patient and the APD
machine. Taken together, those data provide feedback
information. That telemedicine system has two parts:
a data collection and transport system, and an inter-
view system (“View Send”). The APD system has had
great advantages for all patients using it. However, it
could only be used by at-home APD patients. In our
hospital, only 20% of peritoneal dialysis patients are
using APD. A lot of CAPD patients wanted to use a
system of that kind but could not.

In the present study, we created a telemedicine
system that our CAPD patients can use. The goal of
our project was to give CAPD patients a supportive
telematics monitoring service. To achieve the goal,
our system had to be simple and easy to manage for
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FIGURE4  (A) Data input site shown on the display screen of a cellular telephone. V = volume; BW = body weight; BP = blood pressure;
HR = heart rate. (B) Data monitoring site shown on the display screen of a cellular telephone. Changes in the patient’s parameters—
blood pressure, heart rate, body weight, and ultrafiltration volume (UFV)—can be seen on the display screen of a cellular telephone.

all CAPD patients, including elderly and handicapped lular telephone and sent directly to main data server
patients. To that end, we constructed a system that at the NTT DoCoMo data center. The system is di-
uses a cellular telephone as the data collection device.  rectly connected to the Internet system by ASP tech-
All data from our CAPD patients are collected by cel-  nology. We confirmed that the telemedicine system
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had great advantages for helping our CAPD patients
to maintain CAPD.

Many trials of telemedicine systems for ESRD
have been reported. Recently, Moncrief reported the
Texas Telemedicine Project (TTP), which was de-
signed in Giddings, TX, to evaluate the economic prac-
ticality of delivering medical care through
bidirectional interactive video. Since March of 1990,
dialysis patients have been monitored and primary care
has been delivered through the electronic medium
(6,7). The TTP offered the physician participants an
opportunity to explore the best delivery system for
successful use of telemedicine in the practice of medi-
cine. Between April 1991 and April 1993, the TTP
sponsored the contact and records management. Dur-
ing that period, 1,500 patient contacts were docu-
mented. After termination of the project, the
transmission lines were maintained between the cen-
tral dialysis center and the satellite facility. Between
1993 and 1996, another 12,000 patient contacts were
made. Dialysis monitoring accounted for approxi-
mately 80% of contacts. The other 20% of contacts
were non dialysis (primary care) contacts. Patients
quickly became comfortable with interactive
healthcare delivery and preferred it as a means of re-
ceiving primary care and continuous physician moni-
toring during dialysis treatments. From that large-scale
project, the researchers concluded that telematic
healthcare delivery would be successful when the pa-
tient—physician relationship most closely mimicked
face-to-face contact (6,7).

The Moncrief report was the first that used a
telemedicine system with a large number of dialysis
patients. Recently, other reports have noted the effi-
cacy of telemedicine systems to monitor home hemo-
dialysis (HD) patients (8,9). New computer-based
videoconferencing systems are capable of interfacing
with dialysis machines and clinical information sys-
tems to achieve a paperless medical record, including
capture of vascular access images, a dialysis param-
eter database, and so on (8,9).

Home HD for the regular treatment of ESRD has
been taking place since 1964. However, use of that
treatment modality has declined progressively in the
United States. Recently, Agroyannis et al. (9) com-
bined home HD with a telematics monitoring service
for supporting ESRD patients who need home or sat-
ellite HD treatment. According to the data collected,
disturbances of HD machine function were visible and
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audible in the central control station, and the user
messages were always observed.

Conclusion

Telemedicine for the care of dialysis patients is being
studied and used routinely in several centers through-
out the world (5-9). The prominent characteristic of
telemedicine is its fast, two-way electronic network,
which allows interactive communication between
doctors and patients. However little has been reported
about the use of a telemedicine system to monitor home
CAPD patients. In the present study, we report a newly
developed telemedicine system that uses a cellular
telephone. We have 46 patients undergoing CAPD
who are using the telemedicine system. From our re-
sults, we suggest that a telemedicine system for CAPD
patients, especially elderly and handicapped patients,
has several advantages:

+ It assists medical and nursing staff at the central
hospital with the task of monitoring CAPD pa-
rameters (ultrafiltration volume) and the clinical
condition of the patient (body weight, blood pres-
sure, and heart rate), and of assessing patient
condition.

» It confirms the changes in CAPD parameters to
the patient on CAPD through the computer Web
site.

» Itassists CAPD patients and their partners at home
in receiving critical advice from the medical and
nursing staff at central hospital in normal and alarm
conditions.

We speculate that, in future, telemedicine systems
will become more routine in medical practice. We
think that our telemedicine system provides ESRD
patients under CAPD with the benefit of supervised
autonomy. In addition, our telemedicine system can
be networked to serve all CAPD patients and all hos-
pitals world-wide.
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Complications of Peritoneal
Dialysis Related to
Increased Intra-abdominal
Pressure

Peritoneal dialysis (PD) is associated with a number
of complications, some of which can be attributed to
raised intra-abdominal pressure. Intra-abdominal
pressure is highest during coughing or straining—ac-
tivities which, fortunately, are transient. High pres-
sure, primarily due to high volumes of PD solution,
can predispose patients to hernias, dialysate leaks,
and back pain; it can also cause altered mechanics of
breathing. This article reviews those various compli-
cations and their management.

Key words
High intra-abdominal pressure, hernia, dialysate leak,
back pain, pulmonary function test

Introduction

Peritoneal dialysis (PD) is associated with unique set
of infectious and noninfectious complications.
Amongst the noninfectious complications, a signifi-
cant number relate to the consequences of raised in-
tra-abdominal pressure, which is seen with the infusion
of peritoneal dialysate.

Discussion

The empty peritoneal cavity has a pressure of approxi-
mately 0.5 — 2.2 cm H,O. With the infusion of dialy-
sate, the intra-abdominal pressure increases linearly
to about 2 — 10 cm H,O (1). Furthermore, day-to-day
activities can raise intra-abdominal pressure. In a study
done by Twardowski et al. (2), intra-abdominal pres-
sures were measured with various intraperitoneal fluid
volumes in 6 patients during natural activities. The
maximum rise in pressure was seen with coughing or
straining. During those two activities, intra-abdomi-
nal pressures reached as high as 120 — 150 mmHg,
but fortunately were transient.

From: Division of Nephrology, University of Missouri,
Columbia, Missouri, U.S.A.

Hernia

According to the Laplace law, higher intra-abdomi-
nal pressure and volume can both increase tension on
the abdominal wall, which might lead to hernias and
dialysate leaks.

Hernias occur in about 10% — 15% of PD patients
(3,4; Table I), and the risk increases by 20% for each
year on continuous ambulatory peritoneal dialysis
(CAPD) (6). Patients with polycystic disease have a
higher incidence of hernias and leaks. That finding
may be related either to a larger kidney size in rela-
tion to higher intra-abdominal pressure, or to a mani-
festation of a generalized collagen disorder (7,8).

Surgical technique is also an important factor. A
predisposition to incisional hernia occurs when the
incision is in the midline position as compared with
the paramedian approach (9).

Another important area of weakness is the pro-
cessus vaginalis. After migration of the testes through
the processus vaginalis to the scrotum, the processus
vaginalis obliterates. Obliteration may fail to occur in
a large segment of the population, but the condition is
inapparent. A patent processus vaginalis has been
found in 90% of infants of both sexes at birth and, at
autopsy, in up to 37% of adults without hernias. How-
ever, under the influence of raised intra-abdominal

TABLE I Hernias reported in peritoneal dialysis patients (5)

Inguinal 23%
Catheter exit site 19.1%
Umbilical 18.6%
Other incisional sites 9.8%
Ventral 8.3%
Epigastric 2.9%
Diaphragmatic 2.0%
Pelvic 1.0%
Femoral 1.0%
Spigelian 0.5%
Unclassified 13.7%
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pressure, PD fluid or bowel (or both) may escape
through a patent processus vaginalis and may present
as an indirect hernia.

Most of the time, a hernia presents as a painless
swelling. However, the serious complications of her-
nia include intestinal strangulation and incarceration.
These complications are usually seen with smaller
hernias. They can mimic peritonitis and can be asso-
ciated with bowel perforation. Hernias can also present
as recurrent gram-negative peritonitis (3,10,11).

Several measures can be taken to prevent devel-
opment of hernia:

* Detection and repair of pre-existing hernias

* Detection of a patent processus vaginalis during
catheter insertion

* Paramedian catheter placement (9)

* Prevention of constipation and coughing in the
early postoperative period

e (Catheter break-in period of at least 2 weeks

* Nodialysis in the vertical position in the immedi-
ate postoperative period

» Strenuous exercises only on an empty abdomen

* Use of a peritoneoscope to insert the dialysis
catheter

* Initiation of CAPD with low dialysate volumes if
dialysis is needed immediately

Patients who develop hernias after initiation of PD
should undergo surgical repair. Hernioplasty may be
reinforced with a polypropylene mesh (12). However,
mesh repair may be inadequate in some patients with
malnutrition (13).

Hernia recurrences are uncommon after surgery.
In the case of a recurrence, the patient’s intra-abdomi-
nal pressure may need to be lowered by a change ei-
ther to nighttime cycler dialysis or to more frequent
exchanges with a lower dialysate volume.

Dialysate leakage

Dialysate leakage is a rarer, but more distressing, com-
plication of PD. Leaks can present as edema of the
abdominal or genital walls. The complication is seen
in fewer than 10% of PD patients. Men experience a
higher incidence of genital edema than do women,
probably because the processus vaginalis is more often
patent in men (14,15). In women, dialysate can travel
through the pouch of Douglas, the vaginal vault, or
even through the fallopian tubes and present as a vagi-
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nal leak (16,17). Women with vaginal leaks may have
a higher incidence of fungal peritonitis (18).

Dialysate leaks can occur either early or late. Early
leaks occur less than 30 days after PD catheter inser-
tion (33%). They are usually related to catheter place-
ment technique, and they present as external leakage,
either at the exit site or at the median or paramedian
surgical wound. Late leaks usually occur beyond
30 days (66%). They are related to mechanical or sur-
gical tears in the peritoneal membrane and present as
internal leakage in the pleural cavity, abdominal wall,
and external genitalia (19).

Patients with leaks may present with a diminished
effluent return. They may have ultrafiltration failure
but a normal peritoneal equilibration test. They may
also have increased abdominal girth, abdominal asym-
metry, and waistband or clothing imprints that seem
deeper than usual. The abdominal wall can look pale
and boggy.

Diagnosis of a dialysate leak can be made by
nuclear scintigraphy or another radiologic procedure
such as computed tomography (CT) scan or magnetic
resonance imaging. Those procedures involve instil-
lation of dialysate mixed with a radiologic marker
(®Tc-based colloid, iodinated contrast, or gadolinium)
into the abdominal cavity.

In peritoneal scintigraphy, the dialysate containing
the Tc-based colloid is rapidly infused with the pa-
tient in the supine position. Measures to increase intra-
abdominal pressure are then undertaken (20,21). Images
(anterior, posterior, lateral, and oblique views) are usu-
ally taken every 15 minutes over 2 hours. Delayed im-
ages (24 — 48 hours) are taken for small leaks (22).

In CT peritoneography (see Figure 1), iodinated
contrast (iopamidol, diatrizoate) is mixed with dialy-
sate (approximately 50 mL contrast per liter of dialy-
sate) and instilled into the abdominal cavity. The
patient is then asked to walk about or to roll from side
to side. The CT scan can be done with or without oral
or intravenous contrast. Thin slices (5 — 8 mm) are
better for detecting small leaks (23). The process of
CT peritoneography yields images that are more dis-
tinctive for fluid distributions, adhesions, loculations,
abscess, small leaks, and catheter localizations than
are the images produced by a CT scan.

Recently, magnetic resonance peritoneography has
been used to detect dialysate leaks (24). Gadolinium
DTPA (approximately 10 mL contrast per liter of di-
alysate) is used. The contrast can be mixed with ei-
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FIGURE |  Computed tomography (CT) scan of abdomen with
contrast. Dye can be seen leaking into the soft tissue in the anterior
abdominal wall.

ther saline or dialysate (25). Gadolinium is well toler-
ated in patients with renal failure. No serious side ef-
fects have been reported.

Treatment of leaks involves reduction of intra-
abdominal pressure. The patient can dialyze either by
using more frequent exchanges with lower volumes
of dialysate, by using a cycler while in the supine po-
sition, or, rarely, by temporary conversion to hemodi-
alysis (usually 2 — 3 weeks). Early leaks are usually
managed by temporary hemodialysis or by surgical
repair. In a study by Leblanc ez al. (19), late leaks were
treated by temporary hemodialysis (29%), surgery
(27%), transfer to automated peritoneal dialysis (16%),
or transfer to hemodialysis (25%). Those treatment
categories showed leak recurrence rates of 65%, 25%,
14%, and 0% respectively.

In cases of recurrence, patients may need a pro-
longed transfer (4 — 6 weeks) to hemodialysis. If the
processus vaginalis is patent, and it is responsible for
the leak, surgical correction is required. If, however,
the leak is attributable to fluid migrating from the an-
terior abdominal wall, surgery is rarely successful.

Hydrothorax
Hydrothorax is associated with abnormal communi-
cation between the peritoneal and abdominal cavities
(26). The true incidence is not known; however, judg-
ing from various case series, the incidence ranges be-
tween 1.6% and 10% (27-29).

Autopsies have shown discontinuities in the ten-
dinous portions of the hemidiaphragms and an absence

PD Complications Related to Increased Intra-abdominal Pressure

of muscle fibers, which are replaced by a weak col-
lagen network (30,31). That mechanism usually ex-
plains a massive hydrothorax that develops soon after
initiating PD.

More commonly, patients develop late onset of
hydrothorax, which may be an acquired defect at-
tributable to a sustained rise in intra-abdominal pres-
sure. The pressure gives rise to small “bubbles”
within the weakened tissue, which can then rupture
and produce a hydrothorax (27,31,32). Sometimes
the fluid persists despite emptying of the abdomen.
That situation may result from a “stop valve” effect
that causes one-way passage of fluid from the peri-
toneal space to the pleural space. The effect may be
due either to a valve-like defect in the diaphragm or
to the action of the hepatic capsule in tamponing the
backflow (33).

In rare cases, a pericardial effusion may be seen if
communication between the pleural and pericardial
spaces exists, as in patients with previous pericardio-
centesis (34,35).

Hydrothorax is seen predominantly in female pa-
tients. The cause of that sexual predominance is not
known, but may be due to prior pregnancies. The ef-
fusion occurs exclusively on the right side. The loca-
tion may be related to the heart and pericardium, which
prevent flux across the left hemidiaphragm. Patients
with polycystic kidney disease also have a higher in-
cidence of hydrothorax (36).

Small effusions are usually asymptomatic. Larger
effusions may present as shortness of breath. Patients
may mistake a hydrothorax for fluid overload and may
use a hypertonic solution. But increased ultrafiltra-
tion may further raise intra-abdominal pressure and
thus worsen the hydrothorax and the dyspnea. Patients
may also present with apparent ultrafiltration failure
combined with diminished effluent return but a nor-
mal peritoneal equilibration test.

A chest radiograph is usually diagnostic. If the
cause is uncertain, a thoracocentesis may be helpful.
The pleural fluid usually shows very high glucose,
low protein, and presence of p-lactate. Assays for p-
lactate are not easily available commercially, and they
may be difficult to perform. Methylene blue dye can
be instilled into the peritoneal cavity before the tho-
racocentesis, turning the pleural fluid blue. However,
methylene blue causes chemical peritonitis, and the
blue staining may be so faint as to produce false nega-
tive results (37).
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Nuclear scans using *Tc-based colloids can be
used to detect leaks across the peritoneal cavity. Con-
trast peritoneography using nonionic media and a CT
scan may also be useful. Recently, magnetic resonance
peritoneography has been used with good success (38).

In patients with a large, symptomatic hydrotho-
rax, therapeutic thoracocentesis is usually needed. The
subsequent approach in most patients is typically con-
servative: temporary transfer to hemodialysis (usually
for 3 —4 weeks). Alternatively, low-volume exchanges
in a semi-sitting position, or daytime exchanges with
nighttime rest, can be performed. Those conservative
approaches usually result in closure in about 40% of
cases (39).

If conservative approaches fail, then intervention
can be undertaken. Commonly, chemical pleurodesis
is used. Various sclerosing agents have been tried,
including talc (40); tetracyclines (41); fibrin deriva-
tives, such as fibrin glue with two components, fi-
brinogen and factor XIII, plus an aprotinin—thrombin
solution (42); autologous blood (43,44); and Nocar-
dia rubra cell-wall skeleton (45). The procedure may
require VATS (video-assisted thoracoscopy) (46). Talc
and tetracycline can reach the peritoneal cavity and
cause peritoneal fibrosis. Peritoneal dialysis is usu-
ally stopped for 4 weeks for fibrosis to occur. Unfor-
tunately, failure rates are high with pleurodesis (up to
50%).

Lastly, in recurrent cases, surgical repair with tho-
racotomy can be performed. The procedure requires
general anesthesia (47). The defects are located, su-
tured, and reinforced with prosthetic material such as
Teflon (39).

Altered mechanics of breathing

Stable patients on PD with 2-L dialysate exchanges
have been demonstrated to have reductions in most
lung volumes, including functional residual capacity
(FRC) (48,49). An FRC below closing volume has
been suggested to lead to small-airway collapse, which
in turn causes a ventilation—perfusion mismatch and,
subsequently, arterial hypoxemia (50,51). Arterial
hypoxemia is usually transient, but the fall in FRC
persists.

In a study by Bush and Gabriel (52), CAPD pa-
tients had a mean diffusing capacity for carbon mon-
oxide just under 70% of the predicted value. The cause
was not known, but the hypothesis was that the pa-
tients probably had subclinical pulmonary edema re-
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lated to low albumin, stemming from PD losses (52).
Another explanation was that raised intra-abdominal
pressure led to reflux and chronic aspiration and, sub-
sequently, to interstitial fibrosis (53).

Those observed changes in pulmonary function
tests are no more severe in patients with chronic ob-
structive pulmonary disease (COPD) than they are in
patients without that condition (49). Thus, COPD
should not be a contraindication for PD. Presence of
dialysate in the abdomen can actually improve pul-
monary function in some COPD patients. To generate
the same tension, the diaphragm must generate more
pressure when the radius is smaller. Thus, contractil-
ity of the diaphragm may increase in response to the
presence of PD fluid. However, the relationship has
an upper limit, after which the diaphragm loses effi-
ciency and ventilatory compromise occurs (54).

Back pain

Increased intra-abdominal fluid in CAPD may pull
the spine to a more lordotic position (51). Some pa-
tients may also have poor abdominal muscle tone
owing to previous surgeries or poor physical condi-
tioning. The increased mechanical stress on the lum-
bar spine can cause back pain or sciatica. Moreover,
patients may have underlying degenerative disk dis-
ease or osteoporosis that may further exacerbate the
back pain (55).

Treatment of low back pain in CAPD patients may
include a reduction in the dialysate fill volume or a
change to continuous cycling peritoneal dialysis
(CCPD) or nightly intermittent peritoneal dialysis
(NIPD). For patients with severe back pain, transfer
to hemodialysis may be necessary if adequate clear-
ance on CCPD cannot be achieved.
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Gastric Angiodysplasia in
Patients Undergoing
Maintenance Dialysis

We successfully used argon plasma coagulation
(APC) to treat two cases of dialysis patients with
hemorrhagic gastric angiodysplasia. Gastric angio-
dysplasia is recognized as an important cause of
gastrointestinal bleeding. Angiodysplastic lesion
confined to the gastric antrum was first described
in 1953 and named gastric antral vascular ectasia
(GAVE). The condition is characterized as submu-
cosal capillary dilatation and fibromuscular hyper-
plasia. The typical finding of GAVE is the so-called
watermelon stomach, attributable to vasodilatation.

In case 1, a 69-year-old man was introduced
continuous ambulatory peritoneal dialysis (CAPD)
in July 1997 because of chronic renal failure due
to nephrosclerosis. He was hospitalized for severe
anemia in December 1997. Gastrointestinal fiber-
scopy (GIF) showed oozing in the antrum, and
gastritis and esophagitis with sliding hernia.
Famotidine was started and recombinant human
erythropoietin (rHuEPO) was used for anemia.
However, the severe anemia did not improve. The
patient was hospitalized again for severe anemia
and hematemesis. Another GIF showed typical
watermelon stomach, which corresponded with
GAVE. An APC was performed without complica-
tions. Three months later, the anemia was improved,
and the dose of rHUEPO was reduced.

In case 2, a 57-year-old woman was introduced
to hemodialysis in 1998 for uremia due to nephro-
sclerosis. In October 2000, she was hospitalized
for rHuEPO-resistant anemia. A GIF showed ooz-
ing in the antrum with diffuse vasodilation in the
antrum; GAVE was diagnosed. An APC was car-
ried out without complications. Three months later,
anemia was improved.

Recently, gastric angiodysplasia was reported
to be an important complication in dialysis patients
and was recognized as an important cause of
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Saitama, Japan.

rHuEPO-resistant anemia. Argon plasma coagu-
lation is an effective treatment for gastric angio-
dysplasia in patients on dialysis.

Key words
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antral vascular ectasia (GAVE), argon plasma coagu-
lation (APC)

Introduction

Angiodysplasia is characterized by small vascular
lesions in the gastrointestinal submucosa and mu-
cosa (1-3). Angiodysplastic lesion confined to the
gastric antrum was first described in 1953 by Rider
et al. (4), who named the condition gastric antral
vascular ectasia (GAVE). Angiodysplasia is one of
many terms used to describe a disease in which
mucosal and submucosal vascular lesions are as-
sociated with gastrointestinal bleeding (1-4). The
term “watermelon stomach” was reported in 1984
by Jabbari et al., who were struck by the endo-
scopic features of the condition: longitudinal gas-
tric folds containing visible vessels, radiating from
the pylorus and resembling the skin of a water-
melon (5). Angiodysplasia may occur as single le-
sion or as multiple lesions in one or more locations
in the gut. The main clinical finding of angiodys-
plasia is either acute or chronic gastrointestinal
hemorrhage.

Gastrointestinal bleeding is a common compli-
cation in chronic renal insufficiency. Although the
incidence of anemia may be decreasing owing to
the development of human recombinant erythro-
poietin (rHuEPO), erythropoietin-resistant anemia
remains an important problem in patients with
chronic renal insufficiency. Gastric angiodysplasia
has been shown to be an important cause of gas-
trointestinal bleeding (1-5). Recently, we success-
fully used argon plasma coagulation (APC) to treat
two cases of hemorrhagic gastric angiodysplasia
in dialysis patients.
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Patients and methods

Case 1

On July 15, 1997, at the age of 65, a man was started
on continuous ambulatory peritoneal dialysis (CAPD)
because of chronic renal failure attributable to neph-
rosclerosis. He was discharged from hospital on Au-
gust 20, 1997. One month later, relapsing hiccup and
epigastralgia developed. On December 1997, the man
was readmitted to our hospital for clinical evaluation
of those symptoms.

At that time, laboratory findings showed a white
blood cell count of 9,900/uL, a red blood cell count
of 341%010%uL, hemoglobin 8.3 g/dL, hematocrit
26.0%, and platelet count 13.6%010%uL. An upper gas-
trointestinal fiberscope (GIF) exam revealed gastritis
and esophagitis with sliding hernia. Daily oral admin-
istration of 20 mg famotidine and weekly subcutane-
ous injection of 6000 IU rHUEPO were started. The
epigastralgia improved, and the man was discharged
from hospital.

Starting in March 1999, laboratory findings re-
vealed gradual progression of anemia. A 6,000 U
weekly dose of rHUEPO by subcutaneous injection
was prescribed. In August 2000, the man experienced
tarry stools and shortness of breath on exertion. On
September 9, 2000, this now 69-year-old man came
to our hospital complaining of relapsing hiccup and
general fatigue in addition to the former symptoms.

Laboratory findings showed a white blood cell
count of 3,680/uL, a red blood cell count of
1602010%/uL, hemoglobin 4.8 g/dL, hematocrit 15.5%,
platelet count 14.70010%uL, serum glutamic oxaloace-
tic transaminase (AST) 11 IU/L, glutamic—pyruvic
transaminase (GPT) 11 IU/L, lactic dehydrogenase
(LDH) 176 1U/L, total protein 5.8 g/dL, albumin
3.6 g/dL, blood urea nitrogen (BUN) 52 mg/dL, creat-
inine 10.6 mg/dL, sodium 137 mEq/L, potassium
4.9 mEq/L, calcium 8.5 mg/dL, serum Fe 24 ug/dL,
and ferritin 11 ng/mL. On clinical examination, blood
pressure was 116/76 mmHg. A GIF exam showed red
stripes and diffuse erythematous spots, including di-
lated vascular vessels. Those findings looked like
watermelon stripes at the gastric antrum (Figure 1).

The severe anemia was caused by chronic blood
loss from the abnormally dilated mucosal and submu-
cosal capillary veins in the gastric antrum. The pa-
tient was diagnosed with gastric antral vascular ectasia
(GAVE). Endoscopic APC therapy was carried out
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FIGURE 1  Findings of gastrointestinal fiberscope in case 1.
(A) Before argon plasma coagulation (APC). (B) After APC.

twice, and lansoprasol (30 mg daily) was started. After
the APC therapy, capillary dilatation disappeared, and
the severe anemia gradually improved. After one
month, the patient was discharged from our hospital.
He attended outpatient clinic every two weeks.

On December 4, 2001 (one year later), he was
admitted again to our hospital complaining of relaps-
ing hiccup, tarry stool, general fatigue, and marked
anemia. Gastroendoscopic findings showed recurrence
of GAVE. Endoscopic APC therapy was performed
three times, and lansoprasol was started. One month
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later, the patient was discharged from hospital. In
December 2002, two years after APC, he was in a
good condition without any evidence of recurrence of
anemia due to GAVE (Figure 2).

Case 2

In October 1998, at the age of 57, a woman was ad-
mitted to our hospital and started on hemodialysis for
chronic renal failure due to nephrosclerosis. The pa-
tient had a long history of severe hypertension. Soon
after the start of hemodialysis, she developed severe
anemia resistant to rtHuEPO and iron supplements. On
October 15, 2000, she presented complaining of tarry
stools and general fatigue, and was hospitalized for
rHuEPO-resistant anemia. Laboratory findings
showed a white blood cell count of 3,680/uL, a red
blood cell count of 1590010%uL, hemoglobin 4.4 g/dL,
hematocrit 14.2%, platelet count 17.80104/uL, AST
19 IU/L, GPT 11 TU/L, LDH 186 TU/L, total protein
4.8 g/dL, albumin 2.6 g/dL, BUN 70 mg/dL, creati-

Gastric Angiodysplasia in Maintenance Dialysis

nine 11.7 mg/dL, sodium 141 mEq/L, potassium
3.5 mEq/L, calcium 8.1 mg/dL, serum Fe 37 ug/dL,
and ferritin 99 ng/mL. A GIF exam showed oozing in
the antrum with diffuse vasodilation. The diagnosis
was GAVE (Figure 3). Oral administration of
lansoprasol (30 mg daily) was started, and APC was
carried out four times without any complications.

One month later, the woman was discharged from
our hospital. She continued to visit the outpatient di-
alysis center. Three months later, the anemia had im-
proved. In December 2002, two years after APC, she
was in a good condition and continuing to undergo
hemodialysis with no evidence of recurrence of GAVE
(Figure 4).

Discussion

We successfully used APC to treat two cases of hem-
orrhagic gastric angiodysplasia in dialysis patients. A
69-old-man undergoing CAPD and a 59-old-woman
undergoing hemodialysis were admitted to our hospi-
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FIGURE 2 Clinical course of case 1. APC = argon plasma coagulation; Hb = hemoglobin.
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FIGURE 3  Findings of gastrointestinal fiberscope in case 2. (A) Before argon plasma coagulation (APC). (B) After APC.
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FIGURE 4  Clinical course of case 2. APC = argon plasma coagulation; Hb = hemoglobin.
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tal for severe erythropoietin-resistant anemia. In each
case, a GIF exam showed typical watermelon stom-
ach, corresponding to GAVE. In both cases, APC
therapy was carried out without complications. Re-
cently, GAVE has been reported as an important com-
plication of dialysis patients and has been recognized
as an important cause of erythropoietin-resistant
anemia.

Gastric angiodysplasia is rare upper gastrointesti-
nal disease characterized by abnormal veno-capillary
ectasia and fibromuscular hyperplasia in the mucosal
and submucosal layers of the gastric antrum. “Angio-
dysplasia” is one of many terms used to describe the
disease characterized by mucosal vascular lesions as-
sociated with gastrointestinal bleeding (6). The diag-
nosis of angiodysplasia depends on endoscopic
imaging: red lesions, flat or slightly raised above the
mucosal surface, usually 2 — 10 mm in size, corre-
sponding on microscopic examination to dilated sub-
mucosal veins, vessels, and overlying mucosal
capillaries (7). Histopathology findings also help to
diagnose GAVE. Histopathology characteristics in-
clude hyperplastic antral mucosa, dilated capillaries
in the submucosa and the lamina propria (some of them
with fibrin thrombi), and fibrinomuscular hyperpla-
sia of the muscularis mucosa in the lamina propria
(5). If physicians are not familiar with those findings,
a diagnosis of GAVE may be missed. An absence of
signs of gastric inflammation rule out hemorrhagic
gastritis, which is a frequent misdiagnosis (8,9).

Angiodysplasia has occasionally been reported as
a cause of digestive bleeding in uremic patients
(10-13). Those reports refer to a localized form of
angiodysplasia confined to the gastric antrum. Al-
though angiodysplastic lesions are incriminated in
1.25% — 8% of episodes of gastrointestinal tract bleed-
ing in patients with normal renal function (11), sev-
eral retrospective reports suggest that angiodysplastic
lesions are responsible for 19% — 32% of episodes of
gastrointestinal tract bleeding observed in patients with
chronic renal insufficiency (10-13).

Recently, Navab ef al. (14) reported a high inci-
dence of angiodysplasia in patients with chronic renal
failure. That study looked at 65 patients with angio-
dysplasia. Of the 65 patients, 42 (64.6%) had normal
renal function and 23 (35.4%) had renal insufficiency
(defined as serum creatinine consistently above
1.5 mg/dL). The cause of angiodysplasia in patients
with chronic renal insufficiency is not known.

Gastric Angiodysplasia in Maintenance Dialysis

Quintero et al. (15) reported that gastric angio-
dysplasia in patients with cirrhosis has been related to
hypergastrinemia and low serum pepsinogen I. Pa-
tients with chronic renal insufficiency would be ex-
pected to have elevated levels of serum gastrin and
serum pepsinogen I because of low levels of renal
excretion. Gastrin has been reported to have a gastric
vasodilator effect; it would therefore be of interest to
determine gastrin levels in patients with renal failure
who have angiodysplasia (16).

Many cases of end-stage renal disease (ESRD)
with angiodysplasia have been reported. Other caus-
ative factors that have been considered include portal
hypertensive mucosal vasculopathy (17), degenera-
tive lesions related to age (18), antral prolapse (5),
and achlorhydria with hypergastrinemia (19). An ac-
quired platelet dysfunction and coagulation abnormal-
ity were observed in patients on hemodialysis.
Zuckerman et al. (13) reported a 39% occurrence of
clotting abnormalities in patients with renal failure.
Patients on hemodialysis may have increased risk of
bleeding from angiodysplasia because of heparin use
(17).

Ingestion of aspirin or anti-inflammatory agents
causes a disproportionate rise in bleeding time. Pa-
tients with renal insufficiency and angiodysplasia
should avoid using such drugs. For those reasons,
CAPD is more comfortable for ESRD patients with
angiodysplasia. Yorioka et al. (20) reported a case of
ESRD with angiodysplasia. In that case, bleeding from
angiodysplasia improved after the dialysis method was
changed from hemodialysis to CAPD. Reduction of
serum gastrin by CAPD was suspected to have con-
tributed to the improvement of the patient’s angio-
dysplasia and anemia.

To our knowledge, only two other case reports
describe angiodysplasia in patients undergoing CAPD
(21,22). The 69-year-old man in the present report is
the third case of a CAPD patient manifesting an-
giodysplasia. We treated the patient with APC; how-
ever, recurrence of bleeding from angiodysplasia was
observed. Whenever bleeding recurred, the patient
complained of relapsing hiccup. He had sliding her-
nia and ESRD. The possibility exists that the combi-
nation of those risk factors relates to the occurrence
of angiodysplasia.

Various treatments for angiodysplasia have been
reported, but the definitive method remains undeter-
mined. Hormone therapy was successfully initiated
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in severe uremic patients with bleeding gastrointesti-
nal angiodysplastic lesions (23). Administration of oral
glucocorticoid (24) or estrogen (25) is the common
nonsurgical treatment for gastric angiodysplasia, but
surgical treatment is also widely accepted (24,26).

Recently, APC therapy has been recognized as safe
and effective for short-term treatment of gastric
angiodysplasia (27-29). Yusoff et al. (28) reported that
amean of 2.6 treatment sessions were required in pa-
tients with normal renal function. However, the natu-
ral history of the condition is uncertain, and at
medium-term follow-up, gastric angiodysplasia is
found to recur in a substantial number of patients
treated with APC. Intensive follow-up after APC is
necessary, and re-treatment with APC is an option in
ESRD patients.

Conclusions

We successfully used APC to treat two cases of hem-
orrhagic gastric angiodysplasia in dialysis patients.
Recently, GAVE has been reported to be an important
complication of dialysis patients and has been recog-
nized as an important cause of rHuEPO-resistant ane-
mia. Argon plasma coagulation was an effective
treatment for GAVE in patients on dialysis.
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