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End-stage renal failure in diabetic nephropathy:
CAPD vs other approaches

R. Khanna
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Continuous ambulatory peritoneal dialysis is an
acceptable and comparable alternative to
hemodialysis as a renal replacement therapy for end
stage renal disease patients. To achieve the goal of
adequate dialysis for ESRD patients peritoneal dialysis,
an intra-corporeal therapy, makes use of a biological
membrane, the peritoneum for dialysis. Peritoneal, not
a vascular access is essential for the process. Until the
advent of CAPD in late seventies, peritoneal dialysis
schedules (like hemodialysis) were repetitive and
intermittent. However, CAPD schedules allow for
continuous treatment and reduce the problems
inherent to all intermittent dialysis therapies such as
insuppressible thirst, excessive weight gain and
hypertension due to fluid retention in between the
dialysis treatments, and hypotensive episodes during
the treatment with ultra-filtration. Peritoneal access
allows for infusion of intraperitoneal medications such
as antibiotics and insulin.

When a patient with diabetic nephropathy
approaches the stage of requiring dialysis, he also
usually has other target organ damage due to
complications of diabetes and premature
atherosclerosis. It is not uncommon to see in a diabetic
patient all or some of the following complications:
crippling coronary artery disease, peripheral vascular
disease with ischemic complications, proliferative
retinopathy or cerebro-vascular disease. In addition,
he may have debilitating autonomic neuropathy with
symptomatic orthostatic hypotension. These are
challenging patients to care for on any form of dialysis.
Any rapid fluctuations in the hemodynamic status of
these patient are likely to precipitate acute coronary or
cerebro-vascular events. Creating a vascular access for
hemodialysis in these patients with hardened arteries is
a challenge to any vascular surgeon. Systemic
heparinization, required during hemodialysis is
alleged to cause bleeding in the retinal tissue which
may be undergoing changes of neovascularization due
to diabetes.
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Experiences of the past decade with CAPD indicate
that this form of dialysis therapy is ideally suited for.
diabetic patients with end stage renal disease because it
is a continuous and slow therapy and is devoid of the
rapid fluctuations in biochemical parameters and fluid
status seen with the intermittent forms of dialysis
therapy. Not having to access a blood vessel and to give
heparin are the additional medical benefits of CAPD.
Preliminary evidences to be discussed later in this
section suggest CAPD preserves residual renal function
for a period longer than hemodialysis. Moreover, there
are several social and economical benefits which may
have impact on a patient’s sense of well being such as
the opportunity for home dialysis, no need to use
machinery, a simple and fiexible technique with a short
training period, and the free mobility:

Access to peritoneum allows administration of
insulin into the peritoneal cavity for blood glucose
control. Kinetics of intraperitoneal insulin uptake
closely resembles that of insulin uptake once it is
released from the pancreas in normal person. Insulin
release in a normal person is a complex coordinated
interplay of food absorbed from the gut, gastrointestinal
hormones and other hormonal and neural stimuli.
Pancreatic islets secrete insulin into the portal vein and
the liver removes 50 to 60 % of the insulin presented to
it. The insulin taken up by the liver inhibits hepatic
glycogenolysis, giuconeogenesis, and ketogenesis,
and facilitates glycogen and fatty acid synthesis '. The
insulin secretory rate necessary to maintain normal
basal concentrations of insulin is in the range of 0.25 to
1.5 U/h 2. These basal rates of secretion are normally
present in the intervals between meal ingestion.
Continuous infusion of insulin, by maintaining a basal
level, effectively normalizes blood glucose
concentrations in type 1 diabetes than are premeal
insulin doses alone?. Because of the continuous
therapy, CAPD allows for maintenance of basal insulin
levels in the blood. Insulin administered into the
peritoneal cavity is absorbed by diffusion across the
visceral peritoneum into the portal venous circulation
and directly through the capsule of liver® and thus
simulates physiological insulin secretion more closely
than systemic insulin therapy °. Intra-peritoneal insulin
also reaches the systemic circulation by convective
transfer via the peritoneal cavity lymphatics ®. Insulin
appears in the serum very rapidly after peritoneal
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instillation and is dose dependent”- ®. Intraperitoneal
administration of regular insulin allows the control of
glycemia throughout the dwell time, related most likely
to maintaining a basal level of insulin; intraperitoneal
insulin is absorbed along with the obligatory glucose
load from the dialysis solution and insulin absorption is
continuous until the end of the dwell. Peak insulin
levels in the serum are observed 30 to 45 minutes after
administration into an empty peritoneal cavity> and
delayed until 90 to 120 minutes when insulin is added
to the dialysis solution ®. Approximately 50 % of the
insulin instilled into the peritoneal cavity is absorbed
after an 8 hour dwell time''°. Because of these features,
the intraperitoneal administration of insulin during
CAPD is more physiological than multiple
subcutaneous injections given during intermittent
dialysis therapy. Therefore, for diabetics with end stage
renal disease, if no contraindications exist, CAPD
should be the treatment of choice so that
intraperitoneal insulin could be administered.

It is claimed that administration of intraperitoneal
insulin would increase the incidence of CAPD related
peritonitis because it breaks the sterility of the system
and potentially could contaminate the peritoneal
cavity ' 2. However, clinical experience with larger
population has shown the peritonitis incidence to be of
no different than in nondiabetics on CAPD '3, The USA
CAPD Registry surveyed peritonitis rates per patient
year by route of insulin administration and type of
diabetes management '*. Although. the differences in
the rates were not large, diabetics never using insulin
had the highest rate of peritonitis per patientyear (1.31)
while patients using a combination of subcutaneous
and intraperitoneal insulin experienced the lowest rate
(0.93). The peritonitis rate per patient year for patients
using subcutaneously administered insulin (1.03) was
similar to the rate reported for patients using
intraperitoneal insulin (1.06). Blind patients using
subcutaneously administered vs blind patients using
intraperitoneal insulin reported similar rates of
peritonitis. The reason for relatively low peritonitis
rates in patients using insulin.is unclear; it is being
suggested that insulin may have a bactericidad effect.
The recent trend has been to use devices meant to
facilitate exchange procedures or protect against
peritoneal contamination, especially the Y-set system,
the introduction of which has significantly lowered the
incidence of peritonitis '°. The clinical manifestations
and management of peritonitis in both diabetics and
nondiabetic are similar.

Theoretically, CAPD may be associated steady
glomerular capillary pressure in the remaining

functioning nephron without any fluctuations toc high or.

low levels. Also, blood-membrane interaction during

hemodialysis may result in release of interleukins and.

other mediators of inflammatory responses that may
injure remaining glomerular endothelium '®. These
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feature of CAPD may have protective effecton patient’s
residual renal function. A prospective study showed a
greater decline in the residual function in patients on
hemodialysis (80 %) compared to CAPD (25 %)
patients 7. Based on their large experience,
Rottembourg et al '® recommend “in patients with end
stage renal diseases, CAPD should be the treatment of
choice when factors such as uncontrolled
hypertension, cardiac failure, severe nephrotic
syndrome, rapidly progressive renal failure, analgesic
or non-steroidal anti-inflammatory drug treatments or
abuses. chronic urinary obstruction, or cholesterol
emboli are present, expecting a later recovery of renal
function”. Another cross sectional comparison study of
residual renal function in CAPD patients compared to
hemodialysis patients found higher endogenous
creatinine clearance in CAPD patients compared to
hemodialysis patients '°. These observations are a
compelling reason to recommend CAPD therapy for
those patients with significant residual renal function or
in whom recovery of renal function is anticipated.
Preserving the residual renal function has clinical
implications for the dialysis prescription, and fluid,
sodium and potassium balance during dialysis
treatment.

Thus, because of the slow continuous process CAPD
is ideally suited for diabetic ESRD patients who
invariably have associated diffuse atherosclerotic
disease. Additionally, CAPD facilitates intraperitoneal
infusion of insulin and may have protective effect on
preserving residual renal function.

References

1. Felig Pand Wahrend ): The liver as site of insulin and glucagon
action in normal, diabetic and obese humans. Israel Journal of
Medical Sciences 11:528-529, 1975.

2. Shafrir E, Bergman M and Felig P: In Endocrinology and
Metabolism, ed. Felig P, Baxter JD, Broadus AE and Froahman
LA. McGraw-Hill Book Company, New York, 1043-1178,.
1987.

3. Tamborlane WV, Sherwin RS, Genel M and Felig P: Reduction
to normal of plasma glucose in juvenile diabetes by
subcutaneous administration of insulin with a portable pump.
New England Journal of Medicine 300:573-578, 1979.

4. Greenwood RH, Davies CJ, Senator GB, O’Brien | and Hayes
TM: The transport of peptide hormones across the peritoneal
membrane in man. Clinical Science 57:28-29, 1979.

5. Schade DS and Eaton RP: The peritoneum; a potential insulin
delivery route for a mechanical pancreas. Diabetes Care:
3:229-234, 1980.

6. Rasio EA, Hampers CL, Soeldner JS and Cahill GF: Diffusion of
glucose, insulin, insulin and Evans blue protein into thoracic
duct lymph of man. Journal of Clinical Investigation 46:903-
910, 1967.

7. Rubin J, Bell AH, Andrews M, Jones Q and Planch A:
Intraperitoneal insulin. Adose response curve. Transactions of
American Society for Artificial Internal Organs 35:17-21,
1989.

8. Rubin J, Reed V, Adair C, Bower | and Klein E: Effect of
intraperitoneal insulin on solute kinetics in CAPD: Insulin



10.

11.

14.

kinetics in CAPD. American journal of Medical Sciences
291:81-87, 1986.
Shapiro DJ, Blumenkrantz M), Levin SR and Coburn W:

Absorption and action of insulin added to peritoneal dialysate .

in dogs. Nephron 23:174-180, 1979.

Wideroe T, Smeby LC, Berg K), Jorstad S and Svartas IM;
Intraperitoneal insulin absorption during intermittent and
continuous peritoneal dialysis. Kidney International 23:22-
28, 1983.

Scalamogna A, Castelnovo C, Crepaldi M, Guerra L, Graziani
G, Cantaluppi A and Ponticelli C: Incidence of peritonitis in
diabetic patients on CAPD: intraperitoneal vs subcutaneous
insulin therapy. In Advances in CAPD-1987. Khanna R et al,
eds. Peritoneal Dialysis Bulletin. Inc. Toronto, pp. 166-168,
1987.

Selgas R, Diez )], Mufioz }, Miranda B, De Alvaro F and
Rodriguez JC: Comparative study of two different routes of
insulin administration in CAPD diabetic patients. In Advances
in CAPD-1989. Khanna R et al., eds. Peritoneal Dialysis
Bulletin, Inc. Toronto (in press), 1989.

Nolph KD, Cutler §J, Steinberg SM and Novak JW: Special
studies from the NIH USA CAPD Registry. Peritoneal Dialysis
Bulletin 6:28-35, 1986.

Lindblad AS, Novak JW, Nolph KD, Stablein DM, Cutler §J,
Steinberg SM and Vena DA: In Final report of the National

17.

18.

CONTROVERSIAS

CAPD Registry, pp. 640-649, Bethesda: National Institute of
Diabetes and Digestive and Kidney diseases, pp. 640-649,
1989.

Rottembourg ], Brouard R, Issad B, Allouache M and Jacobs C:
In Advances in Continuous Ambulatory Peritoneal Dialysis,
ed. Khanna R, Nolph KD, Prowant BF, Twardowski Z) and
Oreopoulos DG. Prospective randomized study about Y
connectors in capd patients, pp. 107-113, Toronto: Peritoneal
Dialysis Bulletin, Inc., pp. 107-113, 1987.

Cotran RS and Pober )S: Effects of cytokines on vascular
endothelium: Their role in vascular and immune injury. Kidney
International 35:969-975, 1989.

Rottembourg ), Issad B, Poigenet JL, Strippoli P, Balducci A,
Slama G and Gahl G: Residual renal function and control of
blood sugar levels in the insulin dependent diabetic patients
treated by CAPD in prevention and treatment of diabetic
nephropathy, Boston, MTP Press Ltd, pp. 339-352, 1983.
Rottembourg }, Issad B, Allouache M and Jacobs C: Recovery of
renal function in patients treated by continuous ambulatory
peritoneal dialysis. In Advances in CAPD-1989, edited by
Khanna R et al., Peritoneal Dialysis Bulletin, Inc. Toronto,
(in press), 1989.

Lysaght M. Pollock C, Schindaglm K, Ibeles L and Farrell P: The .
relevance of urea kinetic modelling to CAPD. ASAIO (Abstract)
34:84, 1988.

PROXIMO NUMERO

;:Merece la pena el trasplante de vivo en nuestro medio?
P. Barcel6
M. Gonzélez Molina

253



