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Use of a Peritoneal Dialysis Remote 
Monitoring System in India

Peritoneal dialysis (PD) as treatment for patients with 
end-stage renal disease (ESRD) was adopted in India 
only in the mid 1990s. That timing was a result of initial 
misgivings about the viability of a home dialysis therapy in 
a predominantly rural, geographically vast country, with 
poor connectivity and access to health care, difficult sani-
tary conditions, and a tropical climate; however, the PD 
modality has shown impressive growth since then (1–3). 
By conservative estimate, about 250 of approximately 
1000 nephrologists now prescribe PD to more than 6500 
patients (4). This growth contrasts with the prevailing 
declining trend seen in most Western countries, including 
the United States, which has experienced a drop in the PD 
utilization rate to 7% in 2010 from 14% in 1995.

Today, a major challenge affecting the acceptance and 
outcomes of PD is the perceived “inaccessibility” on the 
part of the patient to the nephrologist and to the “mother 
unit” (MU)—more so in geographically large countries 
with remote and inaccessible habitations, as typified by 
India, the United States, and Canada, among others. Our 
PD unit has worked to innovate with practical and cost-
effective solutions to overcome this barrier (5).

Rapid strides in communications connectivity have 
been made across the world: Internet and mobile phone 
technology now truly penetrate almost every geographic 
and socio-economic boundary extant, especially in India. 
We are using the mobile phone Short Messaging Service, 
inexpensive digital cameras, and the World Wide Web to 
address specific patient accessibility needs. Those tech-
nologies—coupled with a dedicated PD team (comprising 
medical and paramedical staff) and a regular home visit 
protocol (6)—have enabled us to develop a unique PD 
remote monitoring system. Patients are constantly in 
touch with their MU and nephrologist, communicating in 
real time, around the clock, with improved PD outcomes, 
especially in rural patients (7).

METHODS

From May 2003, 246 patients who had started on PD at 
our center and who had used this accessibility technology 

in their day-to-day care were retrospectively analyzed.
Every patient’s primary “caregiver” or additional 

skilled family member, or both, are compulsorily trained 
to use a digital camera, mobile phone camera, and the 
Internet to send images of PD solution bags, exit sites, 
and other aspects of interest.

“Urban areas” are defined as places with a municipal 
corporation, municipal board, or cantonment board, or 
as regions in a notified town area. All other places that 
satisfy the criteria of having at least 75% of the male 
working population engaged in nonagricultural or allied 
activity, and a population density of at least 400/km2, are 
also considered urban. Areas that do not fall under those 
criteria are classified as rural (8). Using those criteria, 
we grouped patients into “rural” and “urban” categories. 
Their demographic data; ESRD diagnosis and cumulative 
follow up; mode of communication with the MU; PD tech-
nique survival and failure and patient survival rates (all 
at 5 years); and peritonitis and exit-site infection rates 
were analyzed (Table 1) using SPSS software application 
(version 16: SPSS, Chicago, IL, USA).

The MU comprises these members, organized in a func-
tional hierarchy, each with well-defined responsibilities:

•		 The nephrologist oversees all the PD operations of 
the MU.

•		 The clinical coordinator (CC), extensively trained in 
the field of PD, is in charge of about 20 PD patients. 
Working in shifts around the clock, CCs are the direct 
link between the MU and the patients at home. They 
report to the clinical head, who in turn reports to the 
nephrologist about the PD patients (6,7).

Well-structured home visit protocols ensure patient 
compliance and rehabilitation, adherence to proper tech-
nique, monitoring of nutrition status, and early detec-
tion of evolving comorbidities and complications (6,7). 
Patients and their families are made aware that continu-
ous support is available. Home visits are scheduled by 
the clinical head and conducted by the CCs. The CCs are 
trained to follow a set protocol and are equipped with a 
standardized checklist for a step-by-step assessment of 
patient well-being during each visit. A detailed check of 
the patient’s PD logbook is made, and any conditions re-
quiring the attention of the nephrologist are identified. 
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All this information, together with a brief summary of the 
patient’s most current laboratory results, are conveyed 
to the nephrologist by Short Messaging Service from the 
patient’s home (Figure 1). The CC is instructed to wait 

till a response is received from the nephrologist (usu-
ally within 15 minutes) and then to counsel the patient 
accordingly. The CCs also assess and advise patients on 
nutrition, psychosocial well-being, and physical fitness 
and rehabilitation levels. Afterward, progress notes are 
entered into the MU computer records.

The Internet-based remote monitoring system was 
created in our PD unit by our team to serve as a means 
of real-time interaction between patients and primary 
health care providers. It aims at integrating all services 
necessary for PD, making them easily accessible to the 
patients and the primary caregivers regardless of geo-
graphic distance from the MU. Those services include 
access to the nephrologist, clinical head, CC, urologist, 
and if needed, microbiologist, nutritionist, and so on. 
Each enrolled caregiver has a dedicated user name and 
password, through which they use the site for one-on-
one communication with patients and with each other. 
Privacy of information and patient records is ensured, 
the software being compliant with HIPAA (the Health 
Insurance Portability and Accountability Act). Access to 
the technology is through the computer or the mobile 
phone using an Android- or iPhone-based application. 
After signing into the website with a user name and 
password assigned at the end of the PD initiation period, 
the patients and caregivers are directed to a personalized 
home page from which they can navigate the site to

•		 enter personal details, health records, and lab test 
results.

•		 maintain an online log of body weight, blood pressure, 
heart rate, and biochemical parameters.

•		 access current health records and prescription and 
procedure history at any time.

•		 schedule appointments with the MU, nephrologist, 
and laboratory.

•		 schedule home visits through the clinical head.
•		 raise concerns and health complaints.
•		 upload relevant photographs of the exit site, PD ef-

fluent bag, and ankle edema (after indenting over the 
medial malleolus) to the site.

•		 be alerted to appointments, test results, and replies 
from the nephrologist and the clinical head.

Health complaints made by patients using the site 
receive immediate responses. They are directed to a page 
where they are instructed to complete a basic description 
of their current concerns and answer certain pertinent 
questions. Patients are taught to check the condition 
of the exit site in terms of color, dryness, presence or 
absence of pain, swelling, leakage, and visibility of the 
external cuff, and to enter relevant information. The 
two main infectious complications encountered being 

Figure 1 — Details for the patient on peritoneal dialysis, sent 
through the Short Messaging Service to the Mother Unit for 
response and follow-up.

TABLE 1 
Characteristics of the Study Patients

	 Group	 p
Characteristic	 Rural	 Urban	 Valuea

Patients (n)	 115	 131	 NS
Mean age	 51.49±12.8	 52.32±12.59	 NS
Sex, men/women (%)	 69.6/30.4	 68.7/31.3	 NS
Cumulative follow-up 
  (pt–mos)	 2008	 2288	 NS
Cause of ESRD (%)			 
	 Diabetic nephropathy	 39.3	 36.4	 NS
	 Chronic TIN (35.7%)	 34.3		
Modes of communication (n)			 
	 Mobile phone	 115	 131	 NS
	 Land line	 115	 131	 NS
	 Internet at home	 48	 55	 NS
Technique failure (%)	 25.30	 20.6	 NS
Technique survival (%)	 79.20	 74.60	 NS
Patient survival (%)	 42.60	 29.80	 <0.05
Peritonitis rate 
  (ep/pt–mos)	 1/40.3	 1 /34.8	 NS
ESIs (ep/pt–mos)	 1/56.6	 1/51.2	 NS

NS = nonsignificant; pt-mos = patient–months; ESRD = end-
stage renal disease; TIN  = tubulointerstitial nephritis; ep  = 
episodes; ESIs = exit-site infections.
a	By Fisher exact test.
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peritonitis and exit-site infections, patients and their 
caregivers or attendants are trained during their initial 
PD period to use their own mobile phone cameras or 
digital cameras to take relevant photographs of the PD 
effluent bag and exit site for uploading from their per-
sonal home computer or from a computer at the nearest 
Internet café along with their health complaint. Most 
standard phones and computers are compatible to use 
this technology.

Exit-Site Evaluation:  Owing to darker colored skin 
and a tendency to keloid formation, inflammation and 
crusting associated with exit-site infections assume 
a very different appearance in Indian patients than 
in Caucasian patients (7). Our center is developing its 
own “Ready Reckoner” flip-chart of compiled images of 
various exit sites, normal and infected, together with a 
baseline view of the patient’s unique exit site stored in 
that individual’s image gallery, to aid in arriving at an ac-
curate grading of exit-site infection. A zoom application 
incorporated into the software helps in examining the 
exit site in greater detail. We have found this approach 
to be more useful than that using the standardized flip-
chart as a comparator.

Peritonitis Evaluation:  Training given at the MU during 
the break-in period teaches patients to photograph PD 
effluent bags placed on a white sheet of paper printed 
with black Times Roman type. This image of the effluent 
bag is visualized, recorded, and uploaded as a baseline 
image for future follow up. Generally, a 14- to 16-point 
typeface seen clearly through the effluent bag indicates 
clarity and no peritonitis. Complaints about potential 
peritonitis are sent to the nephrologist and CC, who 
receive an alert both by e-mail and by cell phone. An im-
mediate assessment and response is sent to the patient, 
and to the clinical head or CC, who schedules a home visit 
to follow up. A horizontal and vertical image gallery of 
the exit site and PD bag is created and stored in each 
patient’s electronic medical record (EMR). With every 
health complaint, this gallery is updated, thus provid-
ing comprehensive and current information about the 
patient’s clinical status (Figures 2 and 3).

RESULTS

The patient cohort who used the remote monitoring 
system on a day-to-day basis included 115 rural and 131 
urban patients. Mean follow-up was 4296 patient–months 
(2008 in the rural group, 2288 in the urban group). Mean 
age was 51.49 ± 12.8 years in the rural group and 52.32 
± 12.59 years in the urban group. The most common cause 

of ESRD was diabetic nephropathy in both groups (39.3% 
in the rural group, 36.4% in the urban group). Chronic 
tubulointerstitial nephritis was the second most com-
mon diagnosis in both groups (35.7% in the rural group, 
34.3% in the urban group). Technique failure rates were 
25.3% and 20.6% in the rural and urban groups respec-
tively (p > 0.05), and peritonitis rates were 1 episode 
in 40.3 patient–months (rural) and 1 episode in 34.8 
patient–months (urban, p > 0.05). Exit-site infections 
occurred at a rate of 1 episode in 56.6 patient–months 
(rural) and 1 episode in 51.2 patient–months (urban, p > 
0.05). Patient survival at 5 years was significantly better 

Figure 3 — The interface shows patient details and peritoneal 
dialysis images in horizontal and vertical orientation, with 
zoom available for closer inspection and a print background 
for effluent clarity determination.

Figure 2 — Process overview of the peritoneal dialysis remote 
monitoring system. SMS  = Short Messaging Service; USB  = 
universal serial bus connection technology; PD = peritoneal 
dialysis.
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in rural patients (42.6% vs 29.8% in the urban group, p < 
0.05, Table 1). Overall, rural patients performed well on 
PD and had significantly better survival rates than did 
their urban counterparts, contrary to what might have 
been expected. Our monitoring strategies allow for ear-
lier diagnosis of infectious PD complications, thus pro-
moting prompt treatment initiation and response. Most 
of our rural patients visit the unit once in 3 – 6 months 
on an “as needed” basis.

DISCUSSION

Studies comparing outcomes of chronic kidney disease 
patients have consistently shown poorer results in rural 
than in urban patients (9,10), although there is paucity 
of data comparing those two groups on PD. Our center 
used remote monitoring strategies to target the major 
bottlenecks affecting penetrance and technique survival 
rates in rural patients: lack of connectivity and health 
awareness. That our rural patients achieved results as 
good as those of the urban patients (if not better) on 
PD therapy is testimony to the utility of the remote 
monitoring system.

The application of telemedicine in the monitoring of 
PD patients in Japan was published by Nakamoto (11). The 
most recent system described uses a D converter to moni-
tor patient blood pressure, heart rate, body weight, blood 
glucose, and exercise levels (11). Patients use the unit 
website to check their data. That application addresses 
mainly the issues of remote monitoring of vital signs and 
patient compliance. Our system aims primarily to achieve 
early diagnosis and management of common infectious 
complications of PD (which has a far greater effect on PD 
technique survival), with integration of relevant health 
services and promotion of supervised autonomy.

Gallar et al. published a 2-year experience with tele-
medicine in the follow-up of patients on home PD in 2007 
(12). Their study focused mainly on video conferencing 
and teleconsultation as a means of communication, 
clearly demonstrating the clinical advantages of com-
munications technology in the follow-up of that patient 
population. Mean hospitalization rates were significantly 
lower in the telemedicine group. Our model, primarily 
designed for application in geographically vast countries 
such as India, the United States, Canada, Australia, and 
China, has shown promising preliminary results. Given 
the changing scenario, especially in the United States, 
we believe that, with a strong commercial incentive, 
health care providers will have to “reach out” to PD 
patients, increasing the interaction between patients 
and the MU in a bid to remove the perception of inac-
cessibility that the PD patients may have. We believe 

that our PD remote monitoring tool may be a ground-
breaking driving force for promoting PD as the preferred  
dialysis modality.
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Sterile Peritonitis with High-Dose Amino 
Acid–Containing Peritoneal Dialysis 

Solution in Children

In children on peritoneal dialysis (PD), peritonitis is 
mainly a result of infectious causes (1). However non
infectious causes of peritonitis are recognized. Cloudy 
PD effluent can be attributed to either cellular or non- 
cellular constituents of peritoneal fluid. Polymorpho-
nuclear leukocytes may be increased because of either 
intra- or juxta-peritoneal inflammation, or drug-induced 
chemical peritonitis. Increased eosinophils often repre-
sent a response to intraperitoneal (IP) air or an allergy 
to a component of the dialysis system (2).

Amino acid (AA)–containing PD solutions are used to 
improve protein nutrition status, particularly if low protein 
intake is a cause of the malnutrition in malnourished PD 
patients (3). In some adult studies, a significant improve-
ment in nutrition was reported in patients on continuous 
ambulatory PD when 1 or 2 exchanges were replaced with 
1.1% AA-containing solutions. In children, AA-containing 
PD solutions have also been shown to be safe and as effec-
tive as glucose-based solutions in achieving ultrafiltration 
and clearances (4). Similarly, the long-term combined 
administration of glucose- and AA-containing PD solutions 
in pediatric patients on automated PD (APD) has recently 
been reported to result in a marked positive nitrogen bal-
ance (3). Minor episodes of nausea, vomiting, or unspeci-
fied gastrointestinal symptoms have been reported with 
the use of AA-containing PD solutions, episodes that were 
dose-dependent. Use of the combined regimen was also 
associated with an increase in serum urea and a mild de-
gree of metabolic acidosis (3). Solutions of 1.1% AAs were 
used in a single long daytime dwell in children on APD; the 
glucose-based solutions were used for night exchanges 
(5). Solution with AAs was also used as 25% – 40% of 
a mixed solution also containing glucose-based fluid in 
overnight exchanges for children on APD (6).

In this short communication, we report an unexpected 
finding of sterile peritonitis in children on APD who used 
a combined AA and glucose PD solution.

METHODS

We used a combined AA and glucose PD solution in 
7 children (5 girls, 2 boys) as part of a study aimed at 
treating malnutrition in children on PD. Their mean age 
was 11.33 ± 3.7 years, and their mean duration on PD 
before the study was 15 ± 0.8 months. During the study 
period, children received hourly APD cycles for 10 hours 
using a mixture of a manufactured 1.1% AA-based solu-
tion and a glucose solution (1.36% or 2.27%) in a 1:1 
ratio. White blood cells (WBCs) were checked regularly 
in the PD effluent as part of the monitoring during the 
study. Children were studied for 12 months.

RESULTS

We observed a rise in WBCs to more than 100/mL in 
the PD effluent in 5 children (71%) after a mean duration 
of 7 ± 1.4 months (range: 6 – 9 months) from the time 
the AA mixture was started (Table 1). The rise in WBCs 
was observed during laboratory tests in asymptomatic 
patients. Cloudy PD effluent was not reported by any of 
the patients. The differential showed mainly monocytes, 
and the increased WBCs were not associated with a clini-
cal picture of peritonitis or an elevation in acute-phase 
reactants such as C-reactive protein or peripheral WBCs. 
All cultures were negative for bacteria and fungi. All 
the children were treated with IP antibiotics, with no 
improvement in the effluent cell counts.

In view of the lack of improvement, the catheter was 
removed in 2 children, who were temporarily switched to 
hemodialysis. In the first patient, the effluent cell count 
rose to 277/mL, and after 3 weeks of IP antibiotics, the efflu-
ent cell count reached 1750/mL. The catheter was therefore 
removed. In the second child, the effluent cell count rose to 
350/mL, and after 3 weeks of IP antibiotics, it increased to 
1215/mL. The catheter was therefore removed (Table 1).

We stopped the AA dialysate in 2 children, and their 
effluent cell count rapidly improved to less than 100/mL. 
In one child, the effluent cell count increased to 380/mL 
from 15/mL. No response was obtained with IP antibiotics 
for 3 weeks. The AA-containing solution was stopped, and 
after 10 days, the WBCs dropped to 62/mL and remained 
low. Similarly, the PD effluent cell count increased in 
the other child to 1110/mL from 100/mL. There was no 
response to 3 weeks of IP antibiotics. The AA-containing 
solution was stopped, and the WBCs dropped to 46/mL 
after 1 week and remained low.
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